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PROGRESS  IN  1910 

To  make  a  detailed  record  of  the  progress  of  the  past  year, 
even  in  the  field  of  electrical  and  associated  industries,  would 
require  a  large  volume.  \\'ithout,  however,  attempting  to 
produce  a  formal  history  of  the  events  of  the  past  year,  The  Elec- 
tric Journal  is  fortunate  in  being  able  to  present  the  views  of  a 
number  of  men  dealing  with  such  notable  features  or  such  ten- 
dencies in  their  respective  lines  as  may  be  significant  and  prove  of 
general  interest.  The  men  who  are  contributors  are  leaders  or  ex- 
perts in  their  several  departments  and  the  names  accompanying  the 
articles  will  be  recognized  at  once  as  placing  this  series  upon  an 
unusually  high  plane. 

In  the  midst  of  a  general  progressive  activity  it  is  often  dif- 
ficult to  recognize  what  things  are  of  real  importance  and  whether 
certain  changes  are  merely  temporary  modifications  or  whether  they 
indicate  general  tendencies.  It  is,  therefore,  of  particular  interest 
to  have  those  who  are  most  competent  to  judge  of  the  real  merits 
of  new  apparatus  and  new  methods  point  out  in  an  informal  and 
simple  manner  what  appear  to  them  to  be  the  things  of  greatest 
significance  and  value. 

The  list  of  contributions  does  not  cover  the  whole  field,  nor 
have  the  articles  been  edited  to  make  them  similar  and  symmetrical. 
Each  writer  treats  his  subject  in  his  own  way,  adding  thereby  to 
the  interest  which  our  readers  will  have  in  this  notable  survey  of 
recent  progress  and  present  tendencies. 


GENERAL  VIEW  OF  THE  ELECTRICAL  INDUSTRY 
FROM  THE  COMMERCIAL  STANDPOINT 

L.  A    OSBORNE 

ANY  review  of  the  accomplishments  in  the  electrical  field 
naturally  focuses  attention  upon  the  technical  and  engineer- 
ing phases  of  the  work.  The  technical  advance  in  electrical 
science  has  been  so  striking  and  so  wonderful,  and  has  been  ac- 
complished in  such  a  relatively  short  time,  that  it  constitutes  one 
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of  llic  intellectual  marvels  of  the  age.  The  development  of  elec- 
trical thought  and  the  introduction  of  electricity  into  everyday 
use  has  resulted  in  a  great  commercial  development.  Electricity 
has  become  one  of  the  great  economic  factors  in  the  world's  work, 
and  on  the  stock  exchanges  are  listed  literally  hundreds  of  millions 
of  securities  which  have  for  their  underlying  value  the  ultilization 
of  electrical  energy  in  some  form. 

The  commercial  aspect  of  business,  in  its  broad  application, 
involves  the  financial,  as  well  as  that  which  is  more  apparent  in  the 
everyday  life  of  the  community — the  relation  of  buyer  and  seller. 
To  those  who  regard  the  growth  of  the  electrical  industries  as  a 
matter  largely  of  technical  interest,  it  is  often  a  surprise  to  learn 
of  the  complex  commercial  activities  which  are  related  to  the  in- 
dustry and  through  whose  influence  it  is  largely  due  that  electricity 
is  today  so  common  a  commodity. 

While  the  selling  of  electrical  apparatus  by  the  manufacturer 
has  followed  more  or  less  well  defined  hnes  since  the  inception  of 
the  industry,  these  latter  days  have  witnessed  an  unsual  awaken- 
ing to  activity  of  those  whose  problem  it  is  to  sell  electricity  it- 
self. This  recent  activity  in  promoting  the  sale  of  electricity  has 
been  brought  about  by  the  recognition  on  the  part  of  the  producer 
that  for  many  years  his  business  had  in  no  wise  been  as  well  de- 
veloped commercially  as  other  lines  of  comparable  importance,  but 
had.  like  Topsy,  "just  growed". 

It  is  characteristic  of  our  modern  life  that  huge  sums  are  an- 
nually spent  in  an  efl:'ort  to  create  a  demand,  and  it  is  often  re- 
markable the  extent  to  which  a  market  can  be  created  for  an  article 
or  a  commodity  for  which  there  was  previously  no  especial  demand. 
Electricity,  however,  is  not  one  of  those  commodities  for  which, 
up  to  very  recent  times,  it  seemed  necessary  to  create  a  demand. 
That  the  attempt  to  do  so  has  resulted  in  splendid  returns  and  led 
to  an  enormously  increased  use  of  electrical  apparatus,  is  a  matter 
of  recent  history. 

The  problems  connected  with  the  use,  distribution  and  appli- 
cation of  electricity  are  highly  complex,  so  that  the  commercial 
campaign  looking  to  the  creation  of  a  wider  market  for  electricity 
has  developed  methods  of  business  getting  which  are  unique  and 
based  upon  highly  technical  and  scientific  grounds.  The  free  use 
which  has  been  made  of  the  modern  methods  of  publicity  is  also 
characteristic  of  this  campaign. 

Collateral  to  this  systematic  efl:'ort  to  secure  a  more  widely  ex- 
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tended  use  of  electricity,  Iwth  for  lighting  and  power  purposes,  a 
well  defined  tendency  has  developed  among  the  producers  of  elec- 
tricity to  syndicate  their  business.  Hundreds  of  plants,  which  a 
few  years  ago  were  operating  as  independent  units,  have  in  recent 
years  been  gathered  together  into  groups  which  are  operated  by 
so-called  "syndicates".  Through  these  syndicates  and  operating 
companies,  uniform  and  economical  methods  are  established,  pur- 
chased are  grouped,  standards  are  more  closely  followed,  all  to 
the  end  of  systematizing  and  rendering  more  stable  the  industry  of 
producing  electricity.  Great  impetus  has  been  given  the  increased 
use  of  electricity  by  this  movement,  as  concerns,  hitherto  independ- 
ently operated,  have  been  enabled  to  benefit  by  the  experience  of 
others  and  business-getting  methods  have  been  adopted  which  have 
been  found  to  be  useful  elsewhere;  and  all  this  has  led  to  a  further 
popularization  of  electricity. 

On  the  side  of  the  manufacturer,  this  modern  tendency  has 
been  welcomed,  and  there  has  been  the  fullest  degree  of  coopera- 
tion on  his  part  in  helping  to  create  the  demand.  The  business 
has  been  made  more  stable  by  the  larger  purchases  of  standard 
apparatus  by  these  syndicate  properties,  which  has  enabled  the  man- 
ufacturer to  produce  the  goods  in  greater  quantities,  and  at  a  con- 
stant improvement  in  quality  and  reduction  in  cost.  The  creation 
of  this  demand  has,  on  the  other  hand,  brought  to  the  manufac- 
turer new  problems  in  the  sale  and  distribution  of  his  goods,  re- 
quiring, among  other  things,  the  maintenance  of  large  stocks  at 
various  points  available  for  ready  and  prompt  distribution. 

The  problem  of  the  manufacturer  has  changed  markedly  in  re- 
cent years,  and  from  a  machinery  business,  as  it  was  in  the  earHer 
days,  where  the  selling  problems  were  relatively  simple,  it  has  be- 
come, to  a  large  extent,  the  problem  of  marketing  standard  com- 
modities. This  has  increased  the  cost  of  marketing  and  distribu- 
tion, which  is  in  some  measure  offset  by  the  fact  that  electrical  com- 
modities are  sold  on  short  time,  and  he  is  enabled  to  turn  his  capital 
over  more  often  than  in  the  old  days,  when  he  was  selling  prin- 
cipally machinery.  So,  while  the  profits  per  unit  are  less  and  the 
cost  of  distribution  and  sale  more,  the  business  is  more  stable,  less 
subject  to  violent  fluctuations,  and  bids  fair,  thanks  to  the  ever- 
increasing  use  of  electricity  in  industry,  transportation  and  the 
household,  to  have  an  uninterrupted  and  satisfactory  growth. 
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AN  ENGINEERING  VIEW  OF  THE  ELECTRICAL 
INDUSTRY 

CHAS.  F.  SCOTT 

IN  engineering,  progress  is  the  normal  condition.  h\  electrical 
activity  there  is  a  sort  of  five-year  period  which  brings  a 
one  hundred  percent  increase.  While  our  population  has  in- 
creased twenty  percent  or  one-fifth  in  ten  years,  our  electrical  ac- 
tivities have  approximately  quadrupled.  This  increase  is  not  mere- 
ly in  quantity,  but  in  quality  and  in  type  as  well.  For  example,  in 
railway  work  not  only  are  many  more  motors  used  for  ordinary 
street  cars,  but  these  motors  have  undergone  continual  impn^vemcnt 
in  design. 

Even  after  a  score  of  years  of  development,  a  radical  recon- 
struction has  recently  taken  place  through  the  introduction  of 
the  interpole  motor.  At  the  same  time  electrical  designs  for  new 
kinds  of  work  and  larger  sizes  have  been  going  forward.  The 
Pennsylvania  terminal  electrification  in  New  York  City  has  result- 
ed in  the  development  of  the  largest  electric  locomotives  yet  con- 
structed, which  form  a  fundamental  factor  in  a  terminal  enter- 
prise so  extensive  that  it  is  hard  to  realize  what  an  innumerable 
number  of  large  engineering  plans  and  minute  details  are  involved 
in  its  successful  operation.  The  full  story  of  the  development  and 
carrying  out  of  the  engineering  ideas  which  enter  into  this  great 
work,  or  even  the  story  of  the  electrical  and  mechanical  develop- 
ment of  the  locomotives  and  the  auxiliary  apparatus  in  the  system 
between  the  steam  turbine  and  the  driving  axle,  would  be  the  ac- 
count, not  of  some  brilliant  invention,  but  of  an  engineering"  co- 
operation in  which  hundreds  of  ideas  are  made  to  contribute  to 
one  harmonious  whole.  The  present  state  of  electrical  engineering 
is  indicated,  not  so  much  by  its  large  achievements,  but  by  the 
fact  that  a  successful  result  is  regarded  as  a  matter  of  course.  Not 
only  in  railways,  but  in  power  stations,  in  power  transmission,  in 
steel  mill  operation,  in  the  general  application  of  motors  to  the  in- 
dustries, projects  which  transcend  the  possibilities  of  a  few  years 
ago  are  now  realized  without  exciting  more  than  passing  comment. 
Progress  is  the  normal  condition. 

In  reviewing  the  past  year,  many  examples  of  advance  are 
noted: — In  some  cases  new  types  of  apparatus  appear;  in  others, 
improvements  in  present  types  are   found ;  in  others,  new  applica- 


GENERAL   VIEW  OF  ELECTRICAL  INDUSTRY         5 

tions  are  made.  All,  however,  contribute  the  one  general  conclu- 
sion that  there  is  a  forward  motion  all  along  the  line. 

In  the  design  of  apparatus,  there  is  found  a  general  tendency 
toward  simplicity,  reliability  and  durability.  The  old-time  criticism 
of  the  electrical  designer  that  he  was  concerned  with  the  excellence 
of  his  machine,  primarily  because  it  embodied  proper  theoretical 
principles,  no  longer  applies,  as  he  is  giving  increasing  considera- 
tion to  the  performance  of  his  machine  in  service,  realizing  that  a 
high  percentage  of  reliability  is  as  important  as  a  high  percentage 
of  efificiency. 

Increasing  attention  is  being  given  to  the  proper  adaptation  of 
electrical  apparatus  to  the  work  to  be  performed.  A  motor  is  not 
merely  to  supply  power,  but  it  should  be  suited  by  its  mechanical 
adaptation,  its  speed  regulation,  its  automatic  control,  or  other 
features,  to  perform  its  work  better  than  is  possible  by  any  other 
method.  This  kind  of  engineering  design  not  only  produces  elec- 
trical apparatus  which  is  inherently  better,  but  it  secures  an  adapta- 
tion in  operation  which  is  equally  essential  to  effective  results. 

Electricity  stands  for  progress.  In  science,  in  industry,  and  in 
ordinary  life  it  is  the  means  of  doing  new  things  and  of  doing  old 
things  in  a  better  way.  Every  new  discovery,  every  improved  meth- 
od and  every  useful  application  of  electricity  lead  to  others.  Hence, 
continual  progress  is  a  normal  condition  in  the  science  and  in  the 
industry,  which  is  the  means  of  advancement  in  other  fields. 

The  activity  which  is  taking  place  in  so  many  different  branches 
of  the  electrical  industry,  the  increase  in  the  general  public  use  for 
operating  machinery,  running  cars  and  trains,  for  general  lighting 
and  power  purposes,  and  for  domestic  heating,  together  with  the 
increasing  importance  and  efficiency  of  the  central  station  for  making 
and  distributing  electric  power,  are  all  really  contributing  to  one 
end,  namely,  the  electrical  Utopia,  where  central  stations  with  their 
connecting  network  of  conductors  will  be  the  source  of  universal 
supply  for  light  and  heat  and  power  for  industrial  and  transporta- 
tion and  for  domestic  use.  And  a  continuation  of  the  present  accel- 
erating rate  of  progress  may  bring  about  that  ideal  state  sooner 
than  we  expect. 

The  large  amount  of  research  and  scientific  work  which  elec- 
trical manufacturers  generally  are  devoting  to  improvements  in  ap- 
paratus is,  from  one  standpoint,  a  sad  necessity,  but  from  another, 
it  insures  progressive  improvement  and  it  means  that  electrical  meth- 
ods are  preparing  to  take  a  larger  and  deeper  part  in  the  operations 
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of  modern  life.  It  is  a  common  story  that  in  industries  and  in  uses, 
where  electricity  was  ten  or  five  years  ago  regarded  as  an  experi- 
ment or  a  joke,  it  is  now  an  established  necessity.  This  has  not 
come  about  by  accident,  but  through  the  use  of  the  right  kind  of 
apparatus  in  the  right  way. 

A  new  era  in  illumination  has  come  about,  not  merely  because 
there  are  better  lamps,  but  also  because  they  are  more  intelligently 
used,  and  the  value  of  good  illumination  is  becoming  better  under- 
stood. 


PRESENT  TENDENCIES  IN  THE  DESIGN  OF 
ELECTRICAL  MACHINES 

B.  G.  LAMME 

BROADLY  speaking,  the  present  tendency  in  the  design  of 
electrical  machinery  is  toward  the  greatest  possible  output 
at  the  least  expense  in  cost  and  performance.  This  is  indi- 
cated by  the  use  of  better  grades  of  magnetic  material,  the  in- 
creasing use  of  high  heat-resisting  materials,  such  as  mica,  as- 
'bestos,  etc.,  and  by  increase  in  speed  wherever  possible  and  by 
modification  in  performance  characteristics,  where  this  can  be  done 
without  increased  operating  expense. 

As  to  improved  magnetic  materials,  the  use  of  silicon  steel  has 
become  rather  general  in  transformers,  in  order  to  reduce  the 
iron  losses  and  thus  permit  increased  ratings.  However,  due  to 
the  slightly  poorer  permeability  of  such  steels,  in  general  they  do 
not  represent  any  real  gain  in  output  when  applied  to  generators 
and  motors.  In  fact,  v.-hat  is  wanted  in  such  machinery  is  not  a 
low  loss  steel,  so  much  as  one  with  a  very  high  permeability ;  that 
is,  with  a  high  permeability  at  high  inductions,  such  as  120000  to 
150000  lines  per  square  inch.  A  grade  of  steel,  in  both  soUd 
and  sheet  form,  which  would  allow  20  to  25  percent  higher  in- 
duction with  the  same  magneto-motive-force  as  in  present  ma- 
terial would  revolutionize  present  constructions  of  electric  machin- 
ery. Even  a  very  few  percent  allows  a  considerable  gain  in  the 
designs  and  the  best  permeabilities  obtainable  are  now  being  used. 

The  output  of  electrical  machinery  can  also  be  increased  by 
the  use  of  insulating  materials  with  greater  heat-resisting  qualities, 
Mica  and  asbestos  are  the  two  materials  which  are  in  most  general 
use,  and  these  are  being  used  more  and  more  extensively  in  arma- 
ture and  field  windings.     Such  materials  are  particularly  effective 
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in  apparatus  which  is  subject  to  excessive  overloads  for  a  moderate- 
ly short  time,  where  the  machine  as  a  whole  would  not  have  time 
to  overheat,  although  there  may  b  high  local  heating  in  the  windings. 

A  third  method  for  increasing  the  output  with  a  given  amount 
of  material  is  by  means  of  higher  speeds.  In  low  speed  machinery, 
an  increase  in  speed  will  allow  an  increase  in  output  practically  in 
proportion  to  the  speed.  However,  as  very  high  speeds  are  at- 
tained, the  constructive  features  become  more  difficult  and  more 
expensive,  until  finally  a  point  is  reached  where  any  increase  in 
output  due  to  increase  in  speed  is  accompanied  by  a  corresponding 
increase  in  cost.  Therefore,  the  designer  aims  to  keep  somewhat 
below  this,  except  in  such  classes  of  machinery  as  high  speed  turbo- 
generators, where  the  engine  characteristics  call  for  the  highest 
speed  possible. 

The  present  tendency  is  toward  the  highest  speeds  consistent 
with  desirable  designs.  Following  this  tendency,  the  speeds  of 
synchronous  converters,  motor-generators,  turbo-generators,  water- 
wheel  generators,  etc.,  have  been  raised  gradually  to  a  point  where 
the  present  designs,  in  many  instances,  represent  the  most  econom- 
ical machines,  as  regards  cost  and  operation.  However,  improve- 
ments in  the  design  and  construction  are  continually  being 
made,  which  may  allow  still  further  increase  in  speed,  so 
that  eventually  much  higher  speeds  than  at  present  may 
become  standard.  However,  in  some  cases  the  theoretical 
limit  of  speed  already  has  been  reached.  For  example, 
the  smallest  number  of  poles  which  can  be  used  is  two,  which  cor- 
responds to  3  600  revolutions  for  60  cycles  and  i  500  revolutions 
for  25  cycles.  For  60  cycles  it  is  practicable  to  build  alternating- 
current  turbo-generators  up  to  5  000  k.v.a.,  maximum  capacity,  or 
possibly  higher,  with  two  poles ;  and  for  25  cycles  i  500  revolution, 
two-pole  generators  can  be  built  up  to  almost  any  capacity.  It  is 
evident,  therefore,  that  wherever  the  alternating-current  two-pole 
generator  or  motor  is  used,  no  further  increase  in  speed  can  be 
expected. 

In  direct-current  turbo-generators  the  limit  of  speed  appears 
to  depend  upon  the  skill  of  the  designer  and  manufacturer  of  the 
electrical  part  of  the  unit.  For  the  present,  speeds  for  such  units 
are  considerably  lower  than  in  alternating-current  practice.  The 
limit  is  found  principally  in  the  collection  of  the  current  and,  there- 
fore depends  upon  the  commutator  and  brush  holder  design  and 
operation.  There  are,  at  present,  certain  limits  to  the  permissible 
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peripheral  speed  of  conimutators  with  carbon  brushes,  beyond  wliich 
designers  do  not  feel  free  to  go.  If  higher  limits  eventually  prove 
practicable,  then  the  speeds  of  direct-current  turbo-generators  can 
be  increased  accordingly. 

In  motor-generators  the  tendency  is  toward  the  highest  possi- 
ble speeds  consistent  with  good  design.  The  introduction  of  inter- 
poles  has  been  of  very  great  assistance  in  increasing  the  speeds,  as 
formerly,  in  very  high  speed  direct-current  generators  of  large  ca- 
pacity, a  limitation  was  encountered  in  the  commutation.  With  tKis 
removed  by  the  use  of  interpoles,  the  speeds  have  been  increased 
until  the  limit  of  cost  has  now  become  involved.  The  problem  has 
been  complicated  somewhat  in  this  country  by  the  use  of  two  fre- 
quencies, namely,  25  and  60  cycles,  and  it  has  been  the  endeavor 
to  select  standard  speeds  which  will  be  suitable  for  both  frecjuencies. 

In  synchronous  conv^erters  there  has  been  considerable  increase 
in  speed  in  60  cycle  machines  until  at  present  these  speeds  are 
approaching  very  close  to  those  of  direct-current  turbo-generators, 
especially  in  the  case  of  600  volt  machines.  Further  increase  in 
speed  in  60  cycle  converters  probably  will  have  to  be  accompanied 
by  more  or  less  radical  departures  in  the  design  of  such  machines. 
In  25  cycle  converters  there  is  still  room  for  increase  in  speed,  es- 
pecially in  the  higher  voltage  machines.  When  the  ultimate  limit  in 
speed  is  reached  it  is  possible  that  interpoles  will  be  used  to  a  con- 
siderable extent,  especially  in  those  machines  which  have  a  wide 
range  in  load  or  where  the  peaks  are  very  high  compared  to  the 
average  load. 

There  are  other  conditions  which  also  tend  toward  increased 
rating  of  electrical  machinery,  such  as  improved  methods  of  ven- 
tilation, modification  in  the  performance  characteristics,  etc.  In  the 
matter  of  ventilation  there  has  been  great  developmeM  in  the  past 
few  years.  With  a  tendency  toward  higher  speeds  and  greater 
outputs  from  a  given  volume  of  material,  the  ventilation  problem 
becomes  of  greater  importance,  for  the  higher  outputs  are  usually 
accompanied  by  somewhat  increased  losses.  Where  the  volume  of 
material  remains  practically  the  same,  with  losses  increasing,  it 
is  evident  that  a  corresponding  improvement  is  recjuired  in  the 
means  for  dissipating  the  heat  represented  by  the  losses.  The 
problem  of  ventilation  is,  therefore,  becoming  one  of  utmost  im- 
portance. Where  the  outputs  have  been  increased  enormously,  as 
in  high  speed  alternating-current  turbo-generators,  artificial  cooling 
has   come   into   very  general   use.      In    such   machinery   it   is   usual 
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practice  to  bring  in  the  cooling  air  through  conduits,  this  air  being 
fed  into  the  machine  by  means  of  powerful  fans  or  blowers  which 
usually  form  part  of  the  machine  itself. 

In  machines  oj^erating  at  lower  speeds,  artificial  cooling,  as  a 
rule,  has  not  been  used  to  the  same  degree  as  in  the  alternating- 
current  turbo-generators,  although  in  some  instances  the  machines 
have  been  semi-enclosed  in  order  to  direct  the  cooling  air  along 
certain  channels  or  paths.  Also,  cooling  fans  or  blowers  are  used 
to  a  certain  extent  at  the  present  time  on  some  types  of  small  motors. 

Increased  output  can  be  obtained  in  many  instances  by  some 
sacrifice  in  the  performance  characteristics  of  the  machines,  such 
as  regulation,  efficiency,  etc.  With  the  great  advances  which  have 
been  made  in  the  design  of  electrical  machines  in  the  past  ten  years, 
there  has  been  relatively  little  improvement  in  their  efficiency,  al- 
though the  combined  efficiency  of  complete  units,  such  as  generator 
and  prime  mover,  has  shown  great  improvement.  A  considerable 
betterment  in  the  efficiency  of  electrical  machinery  could  have  been 
made  very  readily,  but  it  would  have  been,  to  a  certain  extent,  at 
the  expense  of  output  or  first  cost.  In  consequence,  when  there 
is  a  tendency  toward  increased  output  with  a  given  cost,  the  ef- 
ficiency has  suffered  relatively;  that  is,  it  has  not  shown  the  same 
improvement  as  found  in  other  characteristics. 

In  the  matter  of  regulation  there  has  been  more  or  less  change 
in  alternating-current  generator  practice  in  the  past  few  years. 
The  present  tendency  is  in  the  direction  of  reduced  inherent  regu- 
lations, especially  in  alternating-current  turbo-generators  and  large 
alternators.  Good  inherent  regulations  is  an  expensive  characteris- 
tic, and  it  is  becoming  recognized  more  and  more  that  it  is  an  un- 
necessary and  even  a  disadvantageous  characteristic  in  some  alter- 
nating-current machinery.  It  is  also  becoming  more  generally  known 
that  automatic  regulators,  of  the  Tirrill  type  for  example,  can 
accomplish  better  results,  even  with  alternators  with  poor  inherent 
regulation  than  can  be  obtained  without  such  a  regulator  with  the 
best  inherent  regulation  that  can  be  furnished  commercially.  By 
some  sacrifice  in  the  inherent  regulation  of  turbo-generators,  for 
instance,  a  relatively  great  gain  in  capacity  becomes  possible.  Also, 
in  many  instances,  by  a  change  in  the  regulation,  an  increased  out- 
put can  be  obtained  with  little  or  no  increase  in  losses,  and  in 
consequence,  the  efficiency  also  can  be  raised  materially.  In  most 
cases,  therefore,  a  large  alternator  with  very  good  inherent  regu- 
lation represents  very  poor  economy  in  cost  and  performance.     It 
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is  also  becoming  recognized  that  with  varying  inductive  loads  of 
relatively  low  power- factor  the  inherent  regulation  of  the  best  pos- 
sible alternator  is  relatively  bad  and  that  an  automatic  regulator  is 
required  if  constant  terminal  voltage  is  necessary.  While  this  ten- 
dency toward  reduced  inherent  regulation  in  alternators  of  large 
capacity  is  quite  marked,  it  has  not  yet  been  carried  to  the  permis- 
sible limit,  due  principally  to  the  fact  that  the  engineering  public 
is  not  yet  educated  to  the  realization  of  the  price  that  is  being  paid 
for  an  assumed  good  inherent  regulation,  which  is  of  no  particular 
value  to  anyone. 

The  general  tendencies  in  many  classes  of  electrical  machinery 
have  been  referred  to  briefly,  but  there  are  a  few  which  have  not 
yet  been  mentioned,  such  as  railway  apparatus,  motors  for  general 
industrial  service,  commutator  type  alternating-current  motors,  etc. 

In  direct-current  railway  motors  the  whole  tendency  is  toward 
the  interpole  type,  even  for  the  small  ratings  and  for  all  voltages 
from  600  to  I  500.  There  is  also  some  tendency  toward  reduction 
in  weight,  but  if  this  is  ever  carried  to  its  limit,  it  will  naturally 
result  in  some  sacrifices  in  mechanical  as  well  as  electrical  excellence. 
The  present  direct-current  railway  motor  is  a  very  substantial  piece 
of  apparatus,  and  it  is  possible  that,  by  trimming  here  and  there, 
both  in  the  mechanical  and  electrical  parts,  a  considerably  lighter 
type  will  be  evolved. 

In  alternating-current  railway  motor  work,  the  tendency  in 
European  practice  is  entirely  toward  the  use  of  15  cycles,  which 
undoubtedly  represents  material  advantages  over  25  cycles,  which  has 
been  the  more  common  practice  in  this  country.  In  Europe,  how- 
ever, in  adopting  this  frequency,  the  electrification  of  the  main  rail- 
ways has  always  been  in  mind.  In  this  country,  in  practically  all  of 
the  later  large  propositions  which  have  been  worked  up,  a  frequency 
of  15  cycles  has  also  been  proposed  for  single-phase  work. 

In  electric  locomotive  construction  there  has  been  a  verv 
strong  tendency  to  depart  from  the  older  gearless  type ;  that  is,  those 
with  the  armatures  mounted  directly  on  the  axles.  In  practically 
all  the  newer  designs  the  motors  are  connected  to  the  axles  either 
by  gears  or  side-rods,  or  a  combination  of  both.  Each  arrange- 
ment has  some  advantages,  but  either  the  geared,  or  the  gear-and- 
side-rod  arrangement  appears  to  have  the  preference  for  slow  speed 
locomotives.  In  some  European  three-phase  locomotives,  however, 
the  side-rod  construction  is  used  even  for  comparatively  low  speeds. 

On  large  car  equipments  and  locomotives  the  tendency  is  to- 
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ward  artificial  cooling  of  the  motors  and  other  apparatus.  The 
principal  object  of  this  is  to  reduce  the  weight  of  electrical  equip- 
ment and  to  increase  the  continuous  capacity  compared  wath  the 
usual  one-hour  rating.  This  is  particularly  important  in  those 
equipments  which  have  fairly  steady  and  long  continued  service. 

In  motors  for  general  industrial  work  there  are  certain  pro- 
nounced tendencies  at  the  present  time.  In  direct-current  motors, 
the  interpole  construction  is  being  general  adopted  both  for  con- 
stant and  variable  speeds,  except  for  very  small  sizes.  There  is  a 
tendency  in  direct-current  industrial  motors  toward  some  special- 
ization of  lines,  that  is,  where  the  business  is  large  enough  certain 
lines  are  built  especially  for  heavy  service,  such  as  mill  work,  etc. 
Such  motors  are  built  to  meet  some  very  difficult  requirements, 
which  influence  the  cost  and  general  construction,  and  are  not  need- 
ed for  ordinary  service. 

In  induction  motors  there  is  somewhat  the  same  tendency 
toward  specialization  of  classes  as  in  the  case  of  direct-current  ma- 
chines. There  is  one  special  field  for  the  induction  motor  which 
has  been  growing  rapidly  of  late,  namely,  its  application  to  heavy 
mill  work,  such  as  operating  rolls,  etc.  Induction  motors  for  such 
service  are  of  special  design  and  usually  of  very  massive  construc- 
tion. The  performances,  such  as  the  power-factor  and  the  efficiency, 
suffer  slightly,  due  to  the  use  of  large  air-gaps,  compared  with  or- 
dinary induction  motor  practice.  Such  motors  almost  invariably 
have  wound  secondaries,  in  order  to  allow  a  limited  amount  of  speed 
variation  by  the  insertion  of  resistance,  as  well  as  to  keep  down  the 
current  at  the  time  of  starting.  Such  motors  are  also  being  made 
of  the  multi-speed  type,  that  is,  with  two  or  more  combinations 
of  poles,  in  order  to  give  several  economical  running  speeds.  On 
account  of  the  relatively  low  speed  of  most  of  these  large  mill  mo- 
tors, the  frequency  should  be  comparatively  low,  and  25  cycles  is 
coming  into  very  general  use  for  such  work. 


DEVELOPMENT  OF  STEAM  POWER  PLANT 
MACHINERY 

E.  H.  SNIFFIN 

THE  year   1910  has  witnessed  a  very  substantial  progress  in 
the  development  of  power  plant  machinery.     The  Westing- 
house  Alachine  Company's  contribution  to  this  development 
has  been  in  new  designs  of  steam  turbines,  in  the  extension  of  its 
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condenser  work,  and  in  the  application  of  small  turbines  to  auxiliary 
purposes,  such  as  operating  small  generators,  boiler  feed  pumps, 
etc.  It  has  also  brought  out  the  Melville-Macalpine  gear  for  use 
between  turbines  and  direct-current  generators.  This  device  makes 
possible  the  use  of  exhaust  steam  turbines  in  connection  with  slow 
speed  direct-current  apparatus.  It  also  enables  high  pressure  con- 
densing turbines  to  be  employed  for  driving  large  sized  direct-current 
generators.  Embodying,  as  it  does,  very  small  mechanical  loss, 
two  percent  or  less,  it  permits  of  the  use  of  the  most  efficient  design 
of  turbine  in  connection  with  an  efficient  direct-current  generator. 
Ordinarily,  if  the  turbine  and  direct-current  generator  are  direct- 
coimected,  it  must  be  at  some  sacrifice  of  turbine  efficiency,  or 
if  the  direct  current  be  derived  from  an  alternating-current  unit 
through  rotary  converters,  that  also  is  done  wiith  considerable  loss 
in  transmission.  So  the  Macalpine  gear,  where  its  applicability  ob- 
tains, adds  quite  materially  to  plant  efficiency. 

Perhaps  the  most  beneficial  work  done  by  the  Machine  Com- 
pany, in  the  way  of  reducing  operating  cost,  has  been  the  very 
extended  application  of  its  exhaust  steam  turbine.  This  has  par- 
ticularly occurred  in  power  plants  used  to  operate  industrial  estab- 
lishments. Frequent  opportunities  occur  of  obtaining  increased 
power  by  adding  to  an  existing  reciprocating  engine  plant  the  ex- 
haust turbine,  employing  to  operate  it  the  exhaust  steam  otherwise 
going  to  waste  or  inefficiently  employed,  and  it  is  not  uncommon  to 
find  returns  of  from  33  to  50  percent  upon  the  exhaust  turbine 
investment.  It  is,  moreover,  a  very  simple  piece  of  apparatus,  char- 
acteristically free  from  trouble,  and  by  designing  it  so  that  it  may 
operate  either  with  exhaust  or  live  steam,  it  takes  nothing  from 
the  flexibility  of  plant  operation,  oftentimes  greatly  improving  that 
feature. 

The  Machine  Company  has  done  enough  if  it  has  contributed 
its  share  to  the  great  reduction  in  cost  of  power  plant  construction 
during  the  last  eight  or  ten  years.  The  prime  mover  unit  itself 
has  been  reduced  perhaps  two-thirds  from  its  cost  of  ten  years  ago. 
The  larger  units  now  made  possible  have  brought  up  the  size  and 
reduced  the  cost  of  boilers.  Condensing  apparatus  has  been  made 
more  compact  and  efficient  and  lower  in  cost,  and  turbine-driven 
auxiliaries  generally  employed.  The  net  result  has  been  a  general 
reduction  of  power  plant  investment  to  something  like  50  to  60 
percent  of  the  valuation  that  we  were  formerly  accustomed  to  place 
upon  such  properties.    Thereby  the  operating  company  has  enjoyed 
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a  radical  reduction  in  fixed  cliarges,  has  been  placed  in  better  po- 
sition to  afford  the  introduction  of  improvements,  and  'has  witnessed 
at  the  same  time  a  material  reduction  in  operating  expense  incident 
to  the  more  simple  character  of  its  generating  apparatus.  And  the 
writer  believes  that  the  Machine  Company's  efforts  in  the  past  year, 
with  its  high  speed  turbine  development,  and  with  its  other  new 
work  above  noted,  have  been  fully  as  potential  in  this  direction  as 
any  year's  accomplishments  in  its  history. 


RECENT  PROGRESS  IN  AIR  BRAKE  APPARATUS  FOR 
ELECTRIC  AND  STEAM  ROAD  SERVICE 

S.  W.  DUDLEY 

THE  development  and  progress  of  the  transportation  facilities 
of  this  country  have  by  no  means  lagged  behind  the  con- 
tinuous and  rapid  growth  in  otlier  directions  during  recent 
years.  New  conditions  have  created  new  requirements  so  import- 
ant as  to  demand  l)ettcr  road-beds,  bigger  locomotives,  special  types 
of  motive  power  api)aratus,  heavier  cars,  higher  speeds,  and,  as  a 
natural  consequence,  a  necessity  for  imi)rovcd  appliances  for  con- 
trolling train  movements. 

It  may  be  fairly  stated  that  the  last  twelve  months  have  wit- 
nessed the  satisfactory  solution  of  some  of  the  most  difficult  prob- 
lems which  have  thus  far  arisen  in  connection  with  the  controlling 
of  electric  and  steam  railroad  trains.  The  general  and  fundamental 
characteristics  of  the  improved  forms  of  air  brake  apparatus  re- 
quired by  the  intensive  demands  of  modern  traffic  have  been  clearly 
established,  reduced  to  practicable  form  and  introduced  to  such  an 
extent  and  for  such  a  period  of  time  as  to  insure  their  permanency 
and  capacity  to  satisfactorily  meet  the  general  operative  require- 
ments of  the  future  as  far  as  they  can  be  anticipated. 

There  remain,  however,  certain  special  classes  of  service  or 
extremes  of  operating  conditions  requiring  greater  specialization 
of  apparatus  in  order  to  provide  for  maximum  convenience,  econ- 
omy and  safety  of  operation.  It  is  with  reference  to  such  instances 
rather  than  in  the  further  development  of  the  general  functional 
features  of  the  air  brake  system,  as  a  whole,  that  the  most  notable 
progress  of  the  past  year  has  been  made. 

These  more  specialized  (kn'elopnicnts  ma_\'  I)c  classified  as 
follows : — 

I — The  electro-pneumatic  brake  system  for  controlling  the  air 
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brakes  on  electric  trains  (such  as  used  in  elevated  and  subway 
service)  by  means  of  electrically  actuated  valves. 

2 — The  automatic  car  and  air  coupler,  providing  for  the  con- 
necting and  locking  of  the  car  and  air  connections  simultaneously 
and  automatically,  developed  with  particular  reference  to  electric 
train  service. 

3 — The  governor  synchronizing  system  for  insuring  a  proper 
and  equal  distribution  of  the  labor  of  supplying  compressed  air 
for  braking  and  ot'her  purposes  between  two  or  more  motor-driven 
air  compressors  that  may  be  associated  in  the  same  train. 

4 — The  control  valve  brake  equipment — an  improved  pneumatic 
brake  containing  a  number  of  novel  and  advantageous  features  par- 
ticularly designed  to  meet  the  requirements  of  heavy,  high-speed 
steam  road  passenger  service. 

5 — The  "empty  and  load"  brake  for  freight  service ;  designed 
to  provide  braking  powers  for  loaded  freight  cars  more  nearly 
proportionate  to  those  realized  on  empty  cars,  than  can  be  secured 
with  the  standard  form  of  freight  car  brake. 

THE    ELECTRO-PNEUMATIC    BRAKE 

The  electro-pneumatic  brake,  while  by  no  means  a  new  type 
of  brake  apparatus,  has  been  developed  and  perfected  during  the 
past  year  to  a  point  which  established  it  as  a  wholly  practicable  and 
the  most  nearly  perfect  brake  system  yet  devised  for  controlling 
trains  operating  under  the  severest  conditions.  To  the  fundamental 
and  most  improved  type  .of  purely  pneumatic  brake,  the  addition 
of  electrically  actuated  valves  affords  means  whereby  the  brake 
may  be  controlled  electrically  in  applying  and  releasing  for  ordinary 
service  operation.  The  promptness,  uniformity  and  sensitiveness 
of  the  brake  action  made  possible  by  this  form  of  control  afford  a 
maximum  of  sim])licity,  convenience  and  economy  in  train  serv- 
ice where  frequent  and  quick  stops  must  be  made.  The  addition 
of  these  features  to  the  pneumatic  form  of  equipment,  without 
disturbing  the  pneumatic  features  of  the  brake  in  any  way,  adds 
a  safety  and  protective  feature  to  the  combination,  which  is  of 
the  utmost  value  as  insurance  against  loss  of  brake  power.  That 
is  to  say,  with  the  electro-pneumatic  form  of  brake  equipment  the 
brakes  can  be  applied  and  released  through  the  medium  of  the 
electrically  controlled  application  and  release  valves  without  in  any 
way  detracting  from  the  responsiveness  or  efficiency  of  the  pneu- 
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matic  side  of  the  equipment,  should  the  power  fail,  or  should  it, 
for  any  reason,  become  necessary  to  operate  the  brakes  pneumatical- 
ly instead  of  electrically.  These  features  of  the  electro-pneumatic 
form  of  brake  equipment  have  been  characteristic  of  previous  de- 
velopment in  this  type  of  apparatus,  but  have  been  combined  and 
extended  to  a  considerable  extent  in  the  recently  perfected  form 
of  this  equipment. 

In  addition,  there  have  been  new  features  added  which  largely 
increase  the  safety  and  efficiency  of  this  form  of  equipment.  The 
most  important  of  these  is  the  electric  transmission  of  quick  action 
to  the  brakes  on  all  cars  in  the  train  in  emergency  applications. 
This  insures  simultaneous  and  instantaneous  application  of  the 
brakes  on  every  car  to  their  maximum  power,  resulting  in  a  gain 
of  about  one  second  and  one-half  in  tlie  time  of  obtaining  maximum 
braking  power  on  all  cars  of  a  ten-car  train  as  compared  with  the 
best  which  could  be  obtained  from  the  most  improved  form  of 
pneumatic  emergency  brake.  This  saving  in  time  is  of  great  value 
where  the  service  is  congested  and  the  speeds  relatively  high. 

The  difiference  between  the  maximum  service  braking  power 
and  the  maximum  available  for  emergency  applications  has  been 
considerably  increased  to  atTord  the  greatest  possible  retarding  ef- 
fort when  needed,  tliat  is  consistent  with  freedom  from  wheel 
sliding. 

The  valves  which  have  to  do  with  producing  the  quick  action 
application  of  the  brakes  are  separated  from  those  which  are  op- 
erative in  ordinary  service  applications,  with  a  resulting  improve- 
ment in  freedom  from  trouble  on  the  road,  due  to  quick  action  be- 
ing obtained  when  not  intended.  All  of  the  previous  types  of  brake 
equipment  were  more  or  less  subject  to  inconvenience  from  this 
source  under  certain  conditions  of  incorrect  manipulation,  lack  of 
proper  maintenance  or  adjustment,  weather  conditions,  etc. 

The  electro-pneumatic  brake  is  at  present  standard  on  the  cars 
of  the  Philadelphia  Rapid  Transit  Company,  the  Interborough 
Rapid  Transit  Company  subway,  the  Hudson  &  ]\Ianhattan  tunnel 
system  and  the  Boston  Elevated  Railroad. 

While  the  electro-pneumatic  brake  has  been  developed  with 
particular  reference  to  the  necessities  of  short-headway,  high-speed 
electric  train  service  as  exempHfied  in  the  subway  and  elevated 
systems  just  mentioned,  its  advantages  are  of  equal  importance  in 
steam  railroad  service,  particularly  where  the  conditions  of  opera- 
tion approximate  those  of  these  electric  installations. 
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The  advent  of  train  lighting  by  electricity  and  the  rapid  in- 
crease of  knowledge  of  and  experience  with  electrically  operated 
devices  in  steam  railroad  service  are  bringing  about  conditions  high- 
ly favorable  to  the  introduction  of  electro-pneumatic  apparatus 
wherever  its  superior  operative  and  mechanical  features  are  demon- 
strable. This  phase  of  the  situation  has  been  constantly  in  mind 
during  the  development  of  the  recent  improved  type  of  electro- 
pneumatic  brake  apparatus,  with  .the  result  that  in  its  final  perfected 
form,  the  electro-pneumatic  brake  is  capable  of  extension  to  any 
degree  required  by  present  or  future  demands,  in  either  electric 
or  steam  road  passenger  train  service,  so  far  as  can  be  at  present 
foreseen. 

THE  AUTOMATIC    CAR   AND   AIR   COUrLER 

Various  more  or  less  successful  forms  of  automatic  connectors 
for  making  draw-bar  and  air  hose  connections  at  the  same  time 
and  automatically  have  been  in  service  for  some  time,  especially 
in  electric  traction  service.  During  the  past  year,  however,  a  form 
of  this  device  has  been  developed  which  contains  certain  improved 
features  adaptable  particularly  to  the  conditions  of  subway  or  ele- 
vated service.  Under  the  extremely  severe  requirements  of  such 
service  as  that  of  the  Interborough  Rapid  Transit  Company,  in 
New  York,  it  becomes  imperative  that  absolute  protection  against 
accidental  uncoupling  of  the  draw-bars  be  secured,  which  can  best 
be  done  by  the  substitution  of  an  unfailing  mechanical  device,  which 
at  the  same  time  affords  a  vastly  increased  protection  to  the  rail- 
road employes  against  unnecessary  danger  to  life.  Tlie  automatic 
coupling  of  the  car  and  air  connections  has  further  distinctly  eco- 
nomical advantages  in  the  direction  of  time  and  maintenance  by 
reducing  the  time  required  to  make  up  trains  at  terminals  or  couple 
to  or  uncouple  from  cars  en  route,  and  by  reducing  the  cost  of 
operation  by  saving  the  wear  and  tear  on  flexible  hose  connections. 
Furthermore,  when  coupled,  all  slack  between  cars  is  eliminated, 
(multiple-unit  motive  power  trains  permitting  this  desideratum 
which  is  impracticable  with  trains  hauled  by  a  locomotive  at  the 
head  end),  thus  insuring  against  shocks  in  starting  and  stopping 
and  largely  reducing  the  possibility  of  damage  to  equipment  and 
discomfort  to  passengers. 

The  improved  form  of  automatic  car  and  air  coupler  is  ]>eing 
applied  to  all  of  the  cars  of  the  Interborough  Rapid  Transit  Com- 
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pany's  Subway  Division,  and  has  already  given  ample  proof  of  its 
efficiencv  inider  the  extremely  severe  conditions  imposed  in  this 
service. 

THE  GOVKRXOK   SYXCHRONIZING   SVSTICM 

This  system  has  been  perfected  during  the  last  year,  and  is 
the  most  satisfactory  and  efficient  apparatus  for  the  purpose  yet 
devised.  Heretofore,  in  the  operation  of  electric  trains  containing 
two  or  more  motor  cars,  more  or  less  difficulty  has  been  experienced 
in  securing  an  equitable  division  of  the  work  of  supplying  the  com- 
pressed air  required  for  braking  and  other  purposes  among  the 
different  motor-driven  air  compressors  included  in  the  train.  The 
result  has  been  that  some  compressors  are  overworked,  while  others 
are  not  working  up  to  their  full  capacity.  Such  an  inequality  of 
compressor  operation  naturally  results  in  increased  wear  and  tear 
on  the  overworked  compressors  as  well  as  an  actual  decrease  in 
the  available  air  supply  under  certain  conditions,  due  to  the  at- 
tendant loss  in  the  efficiency  of  compressor  operation.  A  number 
of  dififerent  schemes  for  overcoming  this  difficulty  have  been  tried 
out.  Some  have  proved  quite  satisfactory  for  certain  classes  of 
service,  but.  until  the  perfection  of  the  governor  synchronizing 
system,  there  seemed  to  be  no  generally  satisfactory  method  of  ac- 
complishing the  desired  results  with  a  uniform  type  of  apparatus 
applicable  to  all  classes  of  vehicles  and  conditions  of  service 
operation. 

Briefly  stated,  the  characteristic  features  of  the  governor  syn- 
chronizing system  are  as  follows : — 

The  current  supply  to  the  motor  of  each  motor-driven  air 
compressor  in  a  train  is  controlled  by  a  switch,  operated  by  air 
pressure  as  in  the  ordinary  form  of  electro-pneumatic  governor 
previously  used,  except  that  the  cutting-in  and  cutting-out  of  this 
switch  is  controlled  by  the  operation  of  a  magnet  valve  instead  of 
a  pneumatic  regulating  portion  connected  to  main  reservoir  pres- 
sure, as  is  the  case  with  the  ordinary  compressor  governor.  In  the 
governor  synchronizing  system,  this  switch  is  called  the  compressor 
switch.  In  addition  to  the  compressor  switch,  a  pneumatically  con- 
troller switch  called  a  master  governor  is  used  on  each  motor  car 
similar  in  all  respects  to  the  previously  used  electro-pneumatic 
compressor  governor,  except  that  instead  of  controlling  the  current 
supplied  to  the  motors  of  the  motor-driven  air  compressors,  it 
acts  simply  as  a  pilot  or  master  switch  to  control  the  magnets  which 
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operate  the  eoni])i"es.sor  switches.  The  magnets  of  the  compressor 
switches  are  connected  in  parallel  between  t'he  trolley  (or  positive 
battery  terminal)  and  a  wire,  called  the  synchronizing  wire,  which 
runs  the  entire  length  of  the  train.  The  cutting-in  of  any  master 
governor  connects  the  synchronizing  wire  to  ground  (or  negative 
battery  terminal)  and  thereby  operates  all  the  compressor  switch 
magnets.  All  the  main  reservoirs  in  the  train  are  connected  by 
means  of  a  main  reservoir  line  pipe  running  the  entire  length  of 
the  train  and  connecting  to  the  pneumatic  controlling  portion  of 
each  master  governor.  With  all  the  compressors  cut  out,  the  pres- 
sure in  this  line  being  equalized,  as  soon  as  this  pressure  is  decreased 
to  a  point  at  which  any  one  of  the  master  controlling  mechanisms 
operates,  the  closing  of  this  master  governor  switch  supplies  cur- 
rent to  the  magnets  of  each  compressor  switch  in  the  train,  causing 
them  to  operate  so  as  to  cut  in  these  switches  and  start  all  the 
compressors  simultaneously.  Whether  one  or  more  of  the  master 
governors  cuts  in  at  the  same  time  is  immaterial,  since  the  com- 
pressors will  continue  to  operate  and  raise  the  pressure  in  the 
main  reservoirs  on  each  vehicle,  and  in  the  main  reservoir  line 
throughout  the  train,  until  such  time  as  the  controlling  portion  of 
the  last  master  governor  remaining  cut  in  operates  to  open  the 
circuit  to  the  compressor  switch  magnets,  which  causes  all  the  com- 
pressor switches  to  cut  out  and  stop  the  operation  of  all  the  motor- 
driven  compressors  simultaneously.  It  will  be  seen  that  in  this 
way  all  the  compressors  are  forced  to  operate  the  same  length  of 
time  and  since  the  main  reservoir  pressure  is  eciualized  on  all  ve- 
hicles, the  stronger  compressors  help  the  weaker  ones  to  the  ex- 
tent of  insuring  the  necessary  amount  of  compressed  air  Ijeing 
supplied  at  the  expense  of  a  minimum  amount  of  energy,  time,  and 
wear  and  tear  on  the  apparatus. 

THE    CONTROL    VALVE    EOLTIPMENT 

This  type  of  equipment,  marking  the  latest  perfected  develop- 
ment in  the  art  of  braking  heavy  passenger  trains,  is  a  new  form 
of  apparatus,  fundamentally  designed  to  provide  an  adequate 
brake  for  the  heaviest  passenger  cars  now  operated  or  which  may 
be  built.  During  recent  years  the  weights  of  sleeping  and  dining 
cars  especially  have  begun  to  exceed  the  capacity  of  the  largest 
single  brake  cylinder  arrangement,  and,  as  a  result  of  special  study 
of  this  problem,  the  control  valve  equipment  was  evolved  to  ob- 
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viate  the  necessity  for  applying  two  single  cylinder  duplicate  sets 
of  apparatus  per  car,  and  to  improve  certain  features  inherent  in 
the  standard  brake  design  which  tend  to  reduce  brake  efficiency 
to  a  considerable  degree  when  applied  to  the  heaviest  types  of 
rolling  stock. 

Not  only  were  the  factors  of  weight,  work  to  be  done  per 
unit  of  brake  shoe  area,  lower  efficiency  of  foundation  brake  gear, 
etc.,  aggravated  to  a  marked  degree,  but  limiting  conditions  were 
encountered  in  other  directions.  The  capacity  of  the  largest  single 
cylinder  (18  inches  in  diameter)  was  exceeded,  even  with  the  high- 
est brake  cylinder  pressure  that  could  be  permitted.  It  was  gener- 
ally recognized  that  a  larger  size  brake  cylinder  would  be  imprac- 
ticable from  a  manufacturing,  operating  and  maintenance  stand- 
point. A  higher  pressure  than  the  standard  no  pounds,  or  a  great- 
er increase  in  the  leverage  ratio  of  the  foundation  brake  rigging, 
above  the  recommended  9  to  i  maximum  value,  was  impossible  with 
the  type  of  ec]uipment  in  general  service.  These  and  other  me- 
chanical limitations  barred  further  progress  in  the  directions  pre- 
viously followed,  and  a  general  recognition  of  the  serious  nature 
of  the  problem  confronting  the  railroads  and  brake  manufacturers 
resulted  in  a  joint  conference  and  discussion  at  which  representa- 
tives of  the  Pilaster  Car  Builders'  Association  and  railroads  from 
all  parts  of  the  country  were  present,  at  Union  Station,  Pittsburg, 
Pa.,  in  the  late  summer  of  1909.  The  tentative  recommendations 
of  this  meeting  were  reduced  to  practice  and  its  conclusions  con- 
firmed in  a  series  of  high  speed  passenger  brake  tests,  inaugurated 
and  successfully  carried  out  by  the  Lake  Shore  &  Michigan  South- 
ern Railroad  on  its  main  line  near  Toledo,  Ohio,  during  the  fall 
and  early  winter  of  1909.  The  fact  that  these  tests  were  made 
with  the  heaviest  classes  of  modern  rolling  stock,  under  road  con- 
ditions representative  of  the  best  of  modern  railroad  practice,  and 
the  scientific  and  comprehensive  manner  in  which  the  tests  were 
conducted  and  the  results  analyzed  and  at  once  put  into  effect, 
give  these  tests  a  position  of  importance  second  only  to  the  classic 
Westinghouse-Galton  Brake  Trials  in  England  during  1878  and  1879. 

From  a  study  of  the  results  of  these  tests,  it  became  evident 
that,  in  the  first  place,  two  brake  cylinders  per  car  were  required 
to  provide  the  necessary  power  for  controlling  the  heavy  types  of 
cars  which  had  to  be  reckoned  with,  and,  in  the  second  place,  suitable 
valve  mechanism  was  required  for  properly  controlling  the  opera- 
tion of  these  two  brake  cylinders   and   securing  certain   desirable 
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operative  functions  heretofore  impossible  with  previous  forms  of 
passenger  car  equipment,  as  well  as  permit  of  ready  extension  as 
still  more  severe  demands  might  arise  in  the  future.  These  con- 
siderations led  to  the  development  (during  the  progress  of  the  tests 
referred  to)  of  what  is  known  as  the  "PC"  brake  equipment,  which 
uses  in  place  of  the  ordinary  triple  valve,  what  is  known  as  a  con- 
trol valve,  providing  the  following  features  of  operation : — i — Auto- 
matic in  action.  2 — Efficiency  not  materially  affected  by  unequal 
piston  travel  or  brake  cylinder  leakage.  3 — Prompt  serial  service 
action.  4 — Graduated  release.  5 — Quick  recharge  and  consequent 
ready  response  of  brakes  to  any  brake  pipe  reduction  made  at  any 
time.  6 — Predetermined  and  fixed  flexibility  for  service  operation. 
7 — Full  emergency  pressure  obtainable  at  any  time  after  a  full  service 
application.  8 — Full  emergency  pressure  applied  automatically  after 
any  predetermined  brake  pipe  reduction  has  been  made  after  equali- 
zation. 9 — Emergency  braking  power  approximately  100  percent 
greater  than  the  maximum  obtainable  in  service  applications.  10 — 
Maximum  brake  cylinder  pressure  obtained  in  the  least  possible 
time.  II — ■Maximum  brake  cylinder  pressure  maintained  through- 
out the  stop.  12 — Brake  rigging  designed  for  maximum  efficiency. 
13 — Adaptable  to  all  classes  and  conditions  of  service. 

All  the  novel  functions  mentioned  are  incorporated  in  the  new 
device  in  such  a  way  that  the  requirements  of  interchangeability 
with  existing  apparatus  have  been  fully  satisfied. 

THE   "empty   and   LOAD"   LRAKE  EQUIPMENT 

This  type  of  equipment,  while  designed  with  particular  refer- 
ence to  the  handling  of  loaded  freight  cars  on  grades,  has  also 
the  same  fundamental  advantages  for  baggage  and  express  cars,  or 
for  any  railroad  vehicle  which  may  be  classed  as  a  load-carrying 
car.  It  will  readily  be  seen  that  the  necessity  for  operating  such 
cars  empty  as  well  as  when  loaded,  requires  that  the  brake  shall 
not  be  too  powerful  for  the  empty  weight  of  the  car.  Otherwise, 
wheel-sliding  and  damaging  draw-bar  stresses  will  result. 

V^arious  schemes  have  been  proposed  and  experimented  with 
to  a  greater  or  less  degree  whereby  a  variable  braking  power  can 
be  obtained,  commensurate  with  the  weight  carried  on  the  wheels, 
which  will  automatically  adjust  itself  to  the  condition  of  the  car 
whether  it  is  empty  or  loaded.  While  the  great  desirability  of  such 
a  form  of  brake  apparatus  has  long  been  recognized  by  all  familiar 
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with  the  handhng  of  this  class  of  service,  there  have  been  mechan- 
ical or  operative  objections  to  all  of  the  schemes  thus  far  proposed, 
or  certain  desirable  features  have  been  lacking. 

In  the  form  of  "empty  and  load"  brake  apparatus,  which  has 
been  perfected  during  the  last  few  months,  advantage  has  been  taken 
of  a  broad  knowledge  of  the  fundamental  principles  aitecting  the 
operation  of  braking  apparatus  from  its  earliest  to  its  latest  forms 
and  of  accumulated  experience  with  a  number  of  different  types  of 
"empty  and  load"  equipments  under  a  great  variety  of  conditions, 
with  a  result  that  the  equipment  has  been  reduced  to  the  minimum 
number  of  parts  and  complication  of  apparatus  consistent  with  the 
fundamental  features  of  operation  desired. 

Two  brake  cylinders  are  used,  one  for  the  emi>ty  car  and  both 
together  when  the  car  is  loaded  to  say  two-thirds  or  more  of  its 
rated  capacity.  Practically  the  same  valve  mechanism  is  used  to 
control  the  operation  of  these  t\\^  cylinders,  except  that  an  addi- 
tional change-over  valve  mechanism  is  added  for  cutting  the  "load" 
brake  in  or  out,  either  manually,  or,  under  certain  circumstances, 
automatically.  The  only  addition  to  the  foundation  brake  gear  is 
that  required  to  connect  the  "load"  cylinder  with  the  standard  lever 
arrangement  which  is  still  used  in  connection  with  the  "empty" 
side  of  the  equipment.  On  the  empty  car  the  operation  of  the 
equipment  is  similar  to  that  of  the  present  type  of  freight  apparatus 
employing  what  is  known  as  the  type  "K"  triple  valve.  When  the 
car  is  loaded  to  two-thirds  or  more  of  its  rated  capacity,  the  "load" 
side  of  the  equipment  is  cut  in  by  hand,  and  the  operation  of  the 
brake  is  thereafter  that  of  the  "load  brake"  until  manually  changed 
to  "empty"  or  until  the  air  pressure  is  entirely  exhausted  from  the 
system. 

Moreover,  the  combining  of  an  automatic  change-over  from 
"load"  to  "empty"  on  total  depletion  of  the  pressure  in  the  air 
brake  system,  with  a  manual  change  only  from  "empty"  to  "load," 
insures  that  the  brake  will  always  be  set  for  "empty"  on  the  empty 
car  and  remain  so  unless  intentionally  changed  to  "load"  when  the 
car  is  loaded.  Means  are  provided  so  that  the  device  can  be  locked 
in  either  "empty"  or  "load"  position,  where  it  will  remain  until  un- 
locked and  manually  changed. 

At  present  this  form  of  brake  equipment  is  being  applied  par- 
ticularly to  mountain  grade  service  where  the  capacity  of  the  road 
is  limited  J^y  the  amount  of  tonnage  which  can  be  safely  handled 
per  train  down  the  grade.     For  such  a  condition  the  "empty  and 
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load"  form  of  brake  makes  it  possible  to  increase  the  traffic  capacity 
of  the  road  to  a  considerable  extent  at  a  relatively  small  increase 
in  cost. 

It  will  be  recognized,  however,  that  this  form  of  equipment 
possesses  important  operative  advantages  in  the  direction  of  greater 
uniformity  of  braking  effort  with  empty  and  loaded  cars  mixed  in 
the  same  train,  thus  largely  eliminating  shocks  and  consequent  de- 
lays and  damages  to  equipment  and  lading,  which  now  assume 
enormous  proportions.  These  and  other  characteristics  make  it  the 
logical  and  ideal  type  of  apparatus  for  load-carrying  cars  in  any 
kind  of  service. 


PROGRESS  IN  POWER  TRANSMISSION 

p.  M    LINCOLN 

IT  IS  well  that  one  is  asked  occasionally  to  count  the  mile-posts, 
as  it  were,  particularly  for  the  art  of  power  transmission.  The 
progress  of  the  electric  transmission  of  power  has  been  so 
natural  and  so  logical  that  the  engineers  who  are  in  constant  contact 
with  that  progress  hardly  realize  that  there  has  been  progress  until 
they  stop  to  compare  present  conditions  with  those  of  a  year 
ago,  or  five  years  ago,  or  ten  years  ago.  The  outsider,  the  man 
who  only  occasionally  comes  into  contact  with  the  art,  better  real- 
izes the  progress  than  the  engineer  whose  work  helps  make  that 
progress  possible. 

During  the  year  of  1910,  probably  the  most  notable  event  so 
far  as  transmission  matters  are  concerned  is  the  inauguration  of 
service  over  the  lines  of  the  Hydro-Electric  Power  Commission  of 
Ontario.  This  transmission  system  is  operated  at  no  000  volts 
and  covers  a  large  part  of  Southern  Ontario  adjacent  to  Niagara 
Falls.  The  use  of  no  000  volts  for  transmission  purposes  is  now 
well  established,  there  being  at  least  a  half-dozen  plants  in  which 
this  voltage  is  used.  Already  designs  are  being  undertaken  for 
the  next  advance,  and  140000  volt  apparatus  is  already  being  de- 
manded by  certain  projects  which  apparently  do  not  show  a  possi- 
bility of  success  without  this  high  voltage,  and  the  design  and  con- 
struction of  apparatus  for  this  voltage  is  already  under  way.  Fur- 
ther, the  designing  engineer  must  now  begin  to  recognize  that  he 
must  hold  himself  in  readiness  to  meet  even  the  next  step,  which 
will  bring  the  voltage  of  transmission  to  perhaps  165  000.  In  this 
connection  it  is  significant  that  a  test  on  the  lines  of  the  Hydro- 
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Electric  Commission  mentioned  above  was  successfully  carried  out 
at  165  000  volts.  So  far  as  types  of  construction  are  concerned, 
the  underhung  insulator  is  being  used  on  all  of  the  100  000  volt 
lines  and,  so  far  as  line  insulation  is  concerned,  it  seems  to  liave 
been  a  very  satisfactory  solution  to  the  problem. 

Another  method  of  construction  that  seems  fairly  well  estab- 
lished is  the  use  of  steel  transmission  towers  and  long  spans.  In 
practically  all  recent  high-voltage  transmissions  this  form  of  con- 
struction is  being  used.  It  is  particularly  adaptable  to  rough  coun- 
try, where  the  spans  can  be  designed  so  as  to  leap  from  hill  to  hill, 
and  thus  avoid  the  expense  of  carrying  the  lines  into  deep  cuts  or 
inaccessible  gulches. 

The  transformer  designer  is  probably  the  one  who  has  the 
least  to  fear  from  the  continual  increase  in  transmission  voltages. 
Cases  of  transformer  breakdown  are  exceedingly  rare  in  modern 
transformers,  thus  showing  that  the  modern  methods  of  insulation, 
particularly  the  strengthening  of  insulation  hetiveen  turns,  has  been 
a  complete  answer  to  the  transfooiier  problem.  Another  great  help 
to  the  transformer  designer  is  the  existence  of  the  condenser  bush- 
ing. This  bushing  gives  the  designer  a  reliable  solution  to  the  prob- 
lem of  bringing  his  leads  through  the  metallic  transformer  case. 
This  bushing  also  enables  the  oil  switch  designer  to  take  care  of 
practically  any  transmission  voltage  within  present  prospect. 

In  conclusion,  attention  is  again  called  to  the  fact  that,  although 
present  conditions  in  transmission  are  striking  when  compared  with 
conditions  of  ten  }'ears  ago,  tlie  arrival  at  such  conditions  has  been 
so  natural  and  logical  a  process  of  evolution  that  it  is  more  or  less 
difficult  to  pick  out  any  one  item  from  the  sum  total  and  say  that 
it  is  responsible  for  any  large  proportion  of  this  remarkable  advance. 


IMPROVEMENTS  IN  RAILWAY  SIGNALING 

J.  S.  HOBSON 

Assistant  General  Manager. 

The  Union  Switch  and  Signal  Company 

IT  IS  somewhat  difficult  to  point  out  particular  improvements  in 
railway  signaling  material  and  methods  made  during  the  last 
twelve  months  which  are  sufficiently  marked  to  be  interesting 
to  anyone  not  familiar  with  the  details  of  the  subject.  In  general, 
the  progress  made  in  our  branch  of  engineering  has  been  more 
along  the  lines  of  developing  designs  already  in  general  use,  than 
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ill  making  radical  changes  in  design  or  in  placing  entirely  new 
apparatus  on  the  market. 

The  interlocking  and  signaling  for  the  new  terminal  of  the 
Pennsylvania  Railroad  in  New  York  City  is  a  striking  example  of 
this,  since,  while  that  installation  is  the  very  latest  development  in 
railway  signaling,  it  differs  little  in  general  principles  from  similar 
plants  installed  during  the  past  five  years.  The  most  noteworthy 
features  of  this  installation  comprise  means  for  obtaining  the  posi- 
tive control  of  interlocked  signals  by  the  actual  position  of  the 
switches  or  switch  they  govern;  the  automatic  control  of  such  sig- 
nals by  track  conditions ;  the  automatic  locking  of  all  switches  in 
every  route  by  the  entrance  of  trains  thereon,  and  their  automatic 
release  immediately  the  rear  end  of  a  train  has  passed  clear  of  the 
fouling  point  of  the  track  including  each  switch.  The  special  fea- 
tures further  comprise  means  for  giving  visual  indications  to  the 
tower  operator  of  every  act  of  a  train  in  actually  locking  and  re- 
leasing levers  controlling  switch  and  signal  operation,  and  means 
for  permitting  the  joint  use  of  4II  tracks  for  traffic  in  either  di- 
rection between  adjacent  towers,  by  the  co-action  of  towermen  and 
track  conditions. 

The  foregoing  are,  however,  developments  of  methods  pre- 
viously in  use  in  other  plants,  and  while,  in  a  sense,  improvements, 
are  not  radical.  There  is,  however,  one  somewhat  original  im- 
provement in  the  Pennsylvania  Terminal  installation,  used  for  the 
first  time  to  any  extent ;  namely,  the  control  of  electro-pneumatic 
valves  through  magnets  actuated  by  alternating  current.  The  use 
of  alternating  current  for  the  operation  of  signal  apparatus  has 
been  steadily  growing  for  the  past  seven  years,  and  the  twelve- 
month just  passed  represents  a  more  rapid  growth  of  its  use  than 
any  previous  year.  Alternating  current  was  first  used  to  any  ex- 
tent in  signal  apparatus  for  the  operation  of  track  circuits  on  electric 
railways,  employing  either  alternating  or  direct  current  for  pro- 
pulsion purposes,  but  now  its  use  has  gradually  been  extended 
to  the  operation  of  signals,  indicators,  locks,  etc. 

A  new  field  has  very  lately  been  opened  for  signal  apparatus 
on  interurban  electric  railways,  the  managers  of  which  are  taking 
a  very  keen  interest  in  this  subject,  several  contracts  of  this  kind 
having  just  been  closed  by  this  company.  Since  their  conditions 
dift"er  somewhat  from  the  electrified  sections  of  steam  railroads, 
certain  modifications  have  been  made  in  alternating-current  signal 
apparatus,    resulting   in    improvements   tending   to    increase    its    ef- 
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ficiency.  For  example,  by  modifications  in  the  design  of  alternating- 
current  relays,  transformers,  etc..  the  length  of  track  circuits  which 
can  be  operated  without  relaying  has  been  materially  increased,  and 
the  cost  of  installing  alternating-current  automatic  block  systems 
reduced  accordingly. 

The  only  other  striking  improvement  in  signal  apparatus  has 
been  the  development  of  the  electro-mechanical  interlocking  sys- 
tem, in  which  the  switches  and  their  locks  are  operated  manually 
and  controlled  electrically,  the  signals  being  electrically  oper- 
ated. This  system  possesses  the  combined  safety  features  of  manual 
and  power  operated  interlockings  at  a  cost  about  midway  between 
the  two.  Its  use  is  confined  to  plants  where  the  farthest  switch  is 
located  within  about  800  feet  of  the  operating  levers,  and  so  far 
it  has  not  been  applied  to  interlockings  of  any  considerable  magni- 
tude, or  where  the  rapid  operation  of  switches  and  signals  is  neces- 
sary, such  as  in  terminal  yards.  However,  very  many  interlockings 
can  be  satisfactorily  operated  by  it,  and  its  use  is  rapidly  increasing. 

Numerous  minor  developments  in  products  have  been  made  dur- 
ing the  past  year,  as,  for  example,  the  improving  of  insulation  in 
electrical  material,  the  standardization  of  details  to  fit  them  for 
more  universal  application,  and  the  modification  of  designs  to  cheap- 
en the  cost  of  production  and  expedite  delivery  of  orders,  among 
which  may  be  mentioned  the  substitution  of  droj)  forgings  for 
parts  previously  made  of  malleable  iron,  which  from  the  nature 
of  its  manufacture  cannot  be  furnished  on  short  notice. 

As  an  example  of  the  improvement  in  the  design  of  electrical 
apparatus,  porcelain  and  insulating  moulded  material  has  been  sub- 
stituted, in  man)-  instances,  for  parts  previ<nisly  made  of  metal 
and  insulated  from  their  electrical  connections  by  bushings  and 
washers. 


THE  NATIONAL  ELECTRIC  LIGHT  ASSOCIATION 

W.  W.  I  REEMAN, 

President 

TliE  year  1910  'has  been  one  of  activity  and  marked  progress 
for  the  National  Electric  Light  Association.  The  annual 
convention,  held  in  St.  Louis  in  May,  was  the  largest  in 
the  history  of  the  association,  having  over  2  700  registered  delegates, 
and  the  twenty-fifth  anniversary  of  the  organization  was  fittingly 
celebrated  at  that  time. 
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The  routine  work  accomplished  at  the  association  headquarters 
in  New  York  by  the  secretary,  Mr.  T.  C.  Martin,  and  his  staff, 
has  grown  rapidly,  and  demonstrates  in  constantly  increasing  mea- 
sure the  value  of  the  organization  to  the  entire  industry. 

The  standing  committees  have  been  increased  in  number  and 
in  members  and  now  include  more  than  150  individuals,  who  are 
engaged  in  research  or  formulative  work  for  the  benefit  of  the  en- 
tire membership.  Thus  the  important  work  is  continued  throughout 
the  year,  and  focused  into  the  annual  convention. 

The  membership  of  the  association  has  increased  more  than 
I  500  during  the  year  and  now  exceeds  6000,  of  which  over  900 
consist  of  central  station  companies,  known  as  Class  A  members. 

The  organization  of  company  sections  has  been  a  marked  fea- 
ture of  the  past  two  years,  and  thriving  sections  now  exist  in  Al- 
toona,  Pa. ;  Brooklyn,  N.  Y. ;  Boston,  Mass. ;  Birmingham,  Ala. ; 
Baltimore,  Md. ;  Buffalo,  N.  Y. ;  Chicago,  III;  Connellsville,  Pa.; 
Chattanooga,  Tenn. ;  Denver,  Colo. ;  Dayton,  Ohio ;  Des  Moines, 
la.;  Detroit,  Mich.;  Evanston,  111.;  Mt.  Vernon,  N.  Y. ;  Newark, 
N.  J.;  New  York,  N.  Y. ;  Philadelphia,  Pa.;  Rochester,  N.  Y. ; 
Reading,  Pa. ;  Salt  Lake  City,  Utah ;  Savannah,  Ga. ;  San  Antonio, 
Texas;  St.  Louis,  Mo.;  Toronto,  Ontario;  Vancouver,  B.  C,  and 
Washington,  D.  C.  This  plan  of  organization  is  proving  bene- 
ficial both  to  the  association  and  to  the  companies,  and  a  further 
increase  in  membership  of  several  thousand  may  be  depended  upon 
in  the  near  future. 

Geographic  sections  are  flourishing  in  dift'erent  parts  of  the 
country,  several  having  been  formed  during  the  year.  Several  na- 
tional special  sections  are  also  in  process  of  formation.  A  com- 
mercial section  and  a  power  transmission  section  have  been  organ- 
ized and  will  begin  active  operations  promptly.  Each  of  these  sub- 
divisions of  organization  is  provided  for  in  the  constitution  of  the 
association,  and  a  thoroughly  comprehensive  and  complete  organ- 
ization of  the  industry  is  being  carried  out  upon  a  broad  and  per- 
manent  basis. 

All  issues  embraced  in  the  general  idea  of  pubUc  pohcy  have 
received  the  serious  and  practical  consideration  of  the  Public  Policy 
Committee,  which  is  representative  of  the  best  talent  and  most 
extensive  experience  of  the  industry.  This  committee  is  making 
history  for  the  association  and  is  rendering  a  public  service,  the 
value  of  which  has  been  appreciated  most  positively  in  several  in- 
stances during  the  past  year. 
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The  electric  lighting  companies  of  the  country  have  in  general 
had  a  prosperous  year.  Problems,  both  old  and  new,  have  not 
been  lacking,  but  they  invariably  yield  to  solution  through  the  ex- 
ercise of  persastent  industry  and  ingenuity.  No  industry  has  a 
brighter  future  and  none  deserves  one. 


GROWTH  OF  THE  INCANDESCENT  LIGHTING 
INDUSTRY 

G.  P.  SCHOLL 

DURING  the  year  19 10  the  incandescent  lighting  industry  has 
made  rapid  progress  not  only  in  the  development  of  the 
tungsten  lamp  but  also  in  the  improvement  in  the  quality 
of  the  carbon  lamp.  In  former  years  the  manufacture  of  incan- 
descent lamps  was  largely  developed  from  what  might  be  called  the 
practical  manufacturing  side,  and  the  methods  employed  were  large- 
ly based  U])on  rules  of  thumb.  This  state  of  afifairs  has  been  changed 
entirely  and  the  advent  of  the  tungsten  lamp,  with  its  greater  de- 
mands on  technical  and  engineering  skill,  has  contributed  not  a 
little  to  the  change.  All  of  the  principal  lamp  manufacturing  com- 
panies are  maintaining  at  the  present  time  a  large  stafif  of  chemical 
and  engineering  experts,  employed  purely  in  development  and  re- 
search work,  and  their  labors  are  gradually  establishing  the  manu- 
facture of  incandescent  lamps  on  a  firm  scientific  basis.  The  im- 
provement of  the  average  quality  of  the  product  turned  out  by  the 
factories   of  course   goes  hand  in  hand  with  this. 

The  greatest  progress  during  the  year  has  naturally  been  made 
in  the  domain  of  the  tungsten  lamp.  An  extended  study  of  the 
chemical  and  physical  characteristics  of  the  metal  tungsten,  coupled 
with  an  increased  experience  in  the  methods  of  manipulating  it, 
has  resulted  in  the  development  of  different  processes  of  manufac- 
ture, which  have  improved  the  quality  of  the  lamp.  It  has,  more- 
over, led  to  the  manufacture  on  a  large  scale  of  continuous  tungsten 
filaments,  wihich  makes  it  possible  to  do  away  with  the  number  of 
individual  filaments  which  had  to  be  used  formerly  in  the  tungsten 
lamp  and  to  make  a  new  type  of  lamp  in  which  the  filament  consists 
only  of  one  continuous  piece*  Great  improvements  have  also  been 
made  in  the  methods  of  mechanically  supporting  the  continuous 
filament  in  the  lamp,  in  the  proper  dimensioning  and  choice  of  ma- 
terial for  these  supports,  and  in  a  most  efficient  and  effective  method 
of  connecting  the   continuous   filament  to  the   leading-in   wires   of 
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the  lamp.  The  VVestiiighouse  Lamp  Company  has  the  distinction  of 
being  the  pioneer  in  this  field,  as  it  was  the  first  to  bring  out  a  lamp 
of  this  type.  It  needs  no  argumentation  to  show  that  a  lamp  which 
has  only  one  continuous  filament  and  in  which  there  are  no  rigid 
joints  connecting  the  filament  ends  to  the  leading-in  wires  and  to 
the  anchor  wires,  is  considerably  better  adapted  for  all  practical 
uses  than  a  lamp  of  the  old  type  with  its  multiiilicity  of  mechanical- 
ly weak  joints. 

A  most  notable  advance  in  the  general  application  of  the 
tungsten  lamp  has  been  its  encroachment  upon  the  field  formerly 
occupied  by  the  arc  lamp  and  which  has  led  to  the  construction  of 
tungsten  lamps  of  very  high  wattages  and  corresponding  high  candle- 
power,  such  as  the  250,  400  and  500  watt  types,  and  even  to 
the  construction  of  i  000  watt  lamps.  It  appears  that  in  this  coun- 
try we  are  pursuing  a  course  somewhat  similar  to  that  followed  in 
Europe,  where  at  the  present  time  large  numbers  of  these  high 
candle-power  tungsten  lamps  are  marketed  in  the  field  formerly  oc- 
cupied by  the  arc  lamp.  There  is  no  doubt  that  this  progress  will 
continue,  and  the  tungsten  lamp  will  still  further  encroach  upon 
the  field  which  was  formerly  supposed  to  be  entirely  reserved  for 
the  arc  lamp. 

It  is  a  further  notable  fact  that  the  increased  use  of  the  high 
efficiency  metallic  filament  lamp  has  developed  a  much  more  in- 
telligent application  of  lamps  in  general,  so  that  a  higher  percentage 
of  the  light  produced  by  the  lamp  is  now  utilized  than  ever  be- 
fore. This  improvement  has  been  brought  about  by  the  more  ex- 
tended scientific  study  of  the  physical  characteristics  of  incandes- 
cent lamps  and  their  accessories,  especially  the  refiectors.  The 
broad-minded  policy  of  the  largest  of  the  manufacturers  of  these 
accessories  in  establishing  scientific  research  departments  and  put- 
ting the  results  obtained  at  the  disposal  of  the  interested  parties 
has  contributed  largely  towards  this  result.  A  not  inconsiderable 
share  of  the  progress  made  in  the  instruction  of  the  general  pub- 
lic in  the  intelligent  utilization  of  incandescent  lamps  is  due  to 
the  labors  of  illuminating  engineers. 

The  demand  from  the  general  public,  architects,  central  sta- 
tion managers  and  other  users  of  illuminants  for  correct  and  sci- 
entific information  on  the  proper  use  of  incandescent  lamps  is  rap- 
idly bringing  about  a  new  era  in  illumination,  which  is  developing 
new  fields  and  new  users  for  incandescent  lamps,  heretofore  sup- 
plied from  entirely  dift'erent  sources  of  light,  many  of  wluVh  have 
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been  more  or  less  dangerous.  A  significant  fact  in  this  connection 
is  the  increased  consumption  of  lamps  by  one  of  the  large  rail- 
road systems,  which  has  doubled  the  preceding  year's  consumption 
each  year  for  the  past  four  years,  and  from  present  indications  will 
approximately  double  its  already  large  consumption  in  the  ensu- 
ing year. 

In  line  with  the  general  progress  made  in  the  application  of 
correct  scientific  principles  to  the  art  of  illumination,  the  suggestion 
of  holding  a  course  of  instruction  on  illumination  met  with  hearty 
approval  and  resulted  in  an  attendance  of  over  200  at  a  course 
given  at  Johns  Hopkins  University  the  latter  part  of  October. 

As  a  matter  of  general  interest  it  might  be  mentioned  in  con- 
clusion that  the  total  number  of  lamps  manufactured  in  the  United 
States  and  sold  to  domestic  consumption  for  the  year  ending  Sep- 
tember 30th  was  between  seventy  and  eighty  millions.  During  the 
year  the  use  of  the  tungsten  lamp  increased  approximately  lOO 
percent,  while  the  use  of  the  carbon  lamp  remained  practically  the 
same. 


THE   GREATEST    RAILROAD   WORK    IN    HISTORY 

F.   H.  SHEPARD 

NO\'EMBER  27,  1910,  marks  the  culmination  of  the  greatest 
single  railroad  achievement  in  history,  the  inauguration  of 
the  service  of  the  extension  of  the  Pennsylvania  Railroad 
into  New  York  City.  The  grandeur  and  beauty  of  the  New  York 
■station  is  a  fitting  monument  to  the  accomplishment  of  this  great 
engineering  triumph,  and  the  advantage  gained  to  New  York,  des- 
tined before  long  to  be  the  metropolis  of  the  world,  will  be  a  bene- 
faction to  this  and  to  succeeding  generations. 

The  Pennsylvania  Railroad  is  one  of  great  achievements.  Its 
practice  is  always  of  the  best,  and  it  has  shown  the  way  for  most 
of  the  improvements  and  present  day  standards  in  American  rail- 
roading. It  should  be  the  cause  of  supreme  satisfaction  to  all  engi- 
neers to  know  that  this  gateway  to  New  York  City  was  predicated 
entirely  upon  the  use  of  electricity.  The  topography  of  Manhattan 
Island  interposed  a  limitation  to  its  transportation  facilities  both 
East  and  West,  which  was  scarcely  intended  for  mere  man  to  over- 
come, for  a  main  line  railroad  entrance  into  the  heart  of  New  York 
City,  ^^'ith  eighteen  miles  of  track  in  tunnels  and  sixteen  miles 
in  the  station  area  in  the  heart  of  New  York,  electric  motive  power 
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was  the  only  feasible  solution.  The  acquisition  of  the  Long  Island 
Railroad  and  its  need  for  direct  entrance  to  Manhattan,  secured 
nearly  ten  years  ago  a  comprehensive  plan  for  common  improvement. 

Since  1902,  coincident  with  the  building  of  tunnels  and  sta- 
tion, the  electrical  problem  has  been  under  constant  development. 
The  requirement  for  earlier  electric  operation  of  Long  Island  serv- 
ice on  the  Atlantic  Avenue  improvement  in  Brooklyn  led  to  the 
■coiisttruction  of  the  Pennsylvania  'power  bouse  in  Long  Island 
City  and  its  operation  in  1905  to  furnish  power  for  the  100  miles 
of  Long  Island  track  then  electrified.  This  site  is  laid  out  for  an 
ultimate  generating  capacity  of  100  000  kilowatts,  and  was  prac- 
tically the  first  railway  station  designed  to  use  steam  turbo-gen- 
erators. The  Long  Island  traffic  is  essentially  suburban  and  is 
cared  for  by  motor  car  trains,  some  500  or  more  being  operated 
daily. 

For  the  handling  of  the  through  traffic  from  the  West  and 
South  electric  locomotives  supplant  steam  power  at  ]\Ianhattan 
Transfer,  near  Newark,  New  Jersey.  For  this  service  unques- 
tionably the  most  remarkable  motive-power  unit  on  wheels  is  used. 
The  study,  investigation  and  experimentation  which  preceded  the 
construction  of  these  locomotives  is  without  a  parallel.  It  was  not 
alone  to  transform  electric  power  into  a  guaranteed  tractive  effort 
of  60000  pounds  per  locomotive,  shown  on  test  to  equal  80000 
pounds,  to  handle  heavy  trains  at  65  miles  an  hour  and  more,  but 
to  incorporate  these  characteristics  in  a  machine  which  would  eq'ual, 
if  not  excel,  the  best  operating  features  of  a  steam  locomotive.  A 
common  current  input  is  7  000  amperes  for  each  locomotive  at  650 
volts,  and  on  the  test  of  a  single  motor  4  500  amperes  has  been 
reached.  The  locomotives  are  amply  equipped  with  switches  and 
other  devices  to  handle  these  heavy  current  inputs,  but  in  com- 
parison with  power  house  service  they  operate  many  times 
more  often.  The  efficiency  with  which  this  is  done  is  conspicuous, 
any  one  of  the  switches  being  able  to  rupture  the  entire  current,  and, 
although  with  a  crash  somewhat  resembling  the  report  of  a  can- 
non, with  hardly  a  distinguishable  flash  even  on  the  arcing  tips. 

The  power  supply  for  such  machines,  two  of  which  may  be 
coupled  to  a  single  train,  and  with  six  or  eight  trains  on  a  single 
section,  is  enormous.  The  current  supply  is  directly  from  a  rail 
of  J 50  pounds  section  supplemented  by  a  cross-connection  to  the 
other  tracks  and  copper  feeders.  During  a  rush  of  current  on 
short-circuit   some    50000   amperes   has    been    recorded,    and    even 
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ihis  can  be  considerably  exceeded.  The  capacity  for  handling  these 
currents  through  the  switching  apparatus  and  even  back  to  the 
power  house  is  extraordinary. 

The  maze  of  plans  for  this  great  work,  second  in  magnitude 
only  to  the  Panama  Canal,  is  almost  beyond  comprehension.  Most 
notable,  too,  is  the  success  attending  the  initial  operation  of  this 
service.  Up  to  this  time,  three  weeks  from  its  commencement, 
there  has  not  been  a  single  delay  due  to  any  feature  of  electrical 
operation  from  power  house  tu  rolling  stock.  This  is  emphatic 
endorsement  of  the  design,  engineering  and  execution  of  all  those 
interests  and  individuals  who  have  participated. 

In  this  development  the  engineering  forces  of  the  Pennsyl- 
vania Railroad  and  those  of  the  Westinghouse  Company  have  been 
for  years  in  continuous  cooperation. 


INDUSTRIAL  MOTOR  APPLICATIONS 

D.  E.  CARPENTER 

IN  THE  field  of  industrial  motor  applications,  the  past  year  has 
seen  closer  study  of  conditions  and  a  more  intelligent  effort 
to  meet  them.  The  motor  manufacturers  have  shown  in- 
creased activity  in  collecting  information  from  motor  installations 
already  in  operation.  Tests  have  been  made  by  the  aid  of  the 
graphic  meter  and  other  -instruments,  and  tlie  data  thus  obtained 
has  proven  of  great  value.  Not  only  has  the  operation  of  existing 
installations  been  improved,  but  new  applications  have  been  made 
in  a  more  intelligent  manner  than  ever  before.  The  day  has  passed 
when  the  interest  of  the  successful  motor  builder  ceased  with  the 
sale  of  his  product,  tie  now  aims  to  see  that  his  motors  are  not 
only  properly  built,  but  also  selected  and  applied  in  each  industry 
in  a  way  to  insure  the  best  possible  service. 

While  no  radical  departures  from  previously  well  established 
practice  have  been  attempted,  many  important  improvements  have 
been  made.  With  proper  information  available,  the  motor  char- 
acteristics required  for  a  given  application  can  be  quite  definitely 
determined,  and  engineers  now  have  little  difficulty  in  designing 
motors  with  characteristics  ranging  between  wide  limits. 

Improved  methods  of  motor  control  have  also  contributed  large- 
ly to  the  increasing  success  of  motor  drive.  Safeguards  have  been 
added  to  control  devices,  rendering  them  more  suitable  for  opera- 
tion by  unskilled  operatives.     Some  progress  has  also  been  made 
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in  autoniatic  control  features,  especially  in  connection  with  the  op- 
eration of  apparatus  performing  a  definitely  known  cycle  of  opera- 
tions. 

The  extent  to  which  electric  motors  have  supplemented  other 
forms  of  motive  power  in  heavy  service  finds  an  excellent  illus- 
tration in  the  steel  mills  at  Gary,  Indiana.  Here  the  completeness 
of  the  motor  equipment  has  made  possible  the  introduction  of  fuel 
economies  greater  than  ever  before  aittempted.  The  past  3'ear  has 
seen  the  new  equipment  brought  into  successful  operation  and  has 
demonstrated  its  ability  to  obtain  minimum  cost  of  production. 

Another  application  of  large  electric  units  is  the  operation  of 
mine  hoists.  The  year  just  closed  has  seen  the  methods  of  control 
of  large  motors  operating  mine  hoists  brought  nearer  to  perfection, 
with  correspondingly  pleasing  results.  The  economy  with  which 
electric  power  can  be  transmitted  to  a  distant  mine  from  a  power 
house,  located  where  it  can  be  operated  under  the  most  advantageous 
conditions,  makes  the  electric  operation  of  mine  hoists  particularly 
desirable. 

During  1910  some  entirely  new  motors  'have  been  put  on  the 
market,  especially  adapted  to  specific  industries.  Many  improve- 
ments in  existing  designs  have  also  been  made  in  order  the  bet- 
ter to  adapt  motors  to  the  work  they  are  to  perform.  Probably 
the  steel  and  iron  mills  have  called  out  more  new  designs  recently 
than  any  other  one  industry.  Direct-current  motors  for  mill  and 
crane  service  had  previously  been  developed,  but  the  past  year  has 
seen  the  introduction  of  several  new  alternating  current  motors  for 
such  service.  These  motors  are  of  both  the  squirrel-cage  and  the 
slip-ring  types,  and  are  characterized  by  great  solidity,  rugged 
strength  and  evident  durability,  coupled  with  simplicity  of  con- 
struction and  ease  of  repair.  Both  types  of  motors  have  been  de- 
signed with  the  broadest  possible  field  of  application  in  view;  both 
are  giving  good  service,  not  only  in  and  around  steel  and  iron  mills, 
but  also  in  cement  mills  and  in  other  places  where  severe  service 
under  adverse  conditions  must  be  expected. 

Squirrel-cage  induction  motors  have  been  applied  miore  exten- 
sively and  more  succesisfully  than  ever  before  to  service  requiring 
high  starting  torque,  sucJi  as  the  operation  of  elevators.  An  ele- 
vator motor  of  this  character  recently  placed  on  the  market  is  so 
designed  that  it  starts  on  full  voltage  with  maximum  torque  and 
without  excessive  current.  Necessarily  its  slip  is  high,  giving  char- 
acteristics perfectly  suited  to  elevator  operation.    The  motor  is  con- 
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trolled  by  a  simple  reversing  switch.  It  starts  at  slow  speed  whicli 
increases  gradually  to  full  speed  after  the  elevator  is  under  headway. 

An  application  of  electric  motors  which  has  increased  very 
rapidly  is  to  the  driving  of  pumps  for  irrigation  purposes.  The 
wonderful  results  obtained  where  the  supply  of  water  to  growing 
crops  has  been  artificially  regulated  have  awakened  the  farmers  to 
their  opportunities.  Electric  energy  is  readily  carried  anywhere 
within  many  miles  of  the  generator,  and  a  motor-driven  pump  can 
be  easily  installed  beside  any  convenient  lake  or  stream  or  over  a 
well.  An  abundant  supply  of  water  can  thereby  be  supplied  to  a 
considerable  tract,  producing  an  amazing  increase  in  the  value  of 
crops  harvested. 

The  textile  industries  have  not  by  any  means  been  neglected. 
The  requirements  in  this  service  are  somewhat  peculiar  and  are 
such  as  were  formerly  thought  to  be  beyond  the  possibilities  for 
electric  motors.  The  special  motors  placed  on  the  market  two  or 
three  years  ago  have  been  brought  into  more  extensive  service  than 
ever  before  and  have  proved  themselves  capable  of  operating  suc- 
cessfully in  the  damp  atmosphere  of  the  dye  houses  as  well  as  in 
the  dust  and  lint-laden  atmosphere  of  the  picker  room  and  the 
carding,  spinning  and  weaving  rooms.  These  motors  can  be  wound 
for  rapid  starting  with  very  high  torque,  as  required  by  looms,  or 
they  can  be  wound  for  slower  starting  with  lower  torque,  as  re- 
quired by  some  other  textile  machines. 

Great  activity  has  been  shown  in  the  production  of  electric 
vehicles  for  both  pleasure  and  business.  Improvements  in  storage 
battery  design  have  increased  the  radius  within  which  such  vehicles 
can  be  operated  successfully,  and  large  numbers  of  them  are  being 
utilized.  Modern  vehicle  motors  and  controllers  are  showing  re- 
markable reliability  and  endurance  on  all  sizes  and  varieties  of 
vehicles  and  under  all  conditions. 

Small  motor  applications  have  increased  in  number  to  a  marked 
degree.  Motor-driven  washing  machines,  vacuum  cleaners,  sewing 
machines,  buffing  and  podishing  machines,  shoe  polishers,  hat  clean- 
ers, coin  counters,  envelope  sealers  and  stampers,  sign  flashers,  small 
drills  and  grinders,  etc.,  are  now  in  use  by  thousands  and  their 
number  is  rapidly  increasing.  Almost  every  field  where  light  work 
of  a  laborious  character  is  to  be  performed  is  being  preempted  by 
some  small  motor-driven  device. 

A  general  utility  motor,  which  can  be  readily  adapted  to  any 
one  of  several  different  household  services,  has  also  been  market- 
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eel.  This  motor  can  Ije  made  to  run  the  sewing  machine,  polish  the 
silverware,  grind  the  knives,  ventilate  the  rooms  and  operate  a  small 
lathe  or  other  tools. 

While,  as  hefore  stated,  the  progress  during  1910  in  industrial 
motors  and  their  application  has  been  along  lines  previously  fairly 
well  known,  yet  there  has  been  progress  of  a  marked  degree.  At 
the  same  time  need  of  still  further  improvement  has  been  mani- 
fested, and  new  methods  and  designs  wJll  doubtless  be  forthcoming. 


ELECTRICITY  IN  THE  STEEL  INDUSTRY 

BRENT    WILEY 

THE  economies  afforded  by  the  broad  application  of  electric 
power  in  steel  plants  have  resulted  in  a  great  activity  in 
this  field  during  the  last  few  years.  Today  there  are  nu- 
merous steel  mills  ec|uipped  universally  with  electric  powder  with  a 
total  capacity  of  about  150000  horse-power  in  large  motor  units. 
The  various  types  of  mills  provided  with  electric  drive  during  the 
past  year  are : — Sheet  mills ;  merchant  mills  of  various  sizes — <;, 
10,  12,  14  and  ]8-inch:  jobbing  plate  mills:  skel])  mills,  and  plate 
mills. 

J\Iany  of  the  new  power-house  installations,  include  gas  en- 
gines, which  utilize  the  gas  from  the  blast  furnaces.  The  low 
pressure  steam  turbine  units,  using  the  exhaust  steam  from  en- 
gines, liave  also  been  the  means  of  giving  practically  75  ]XM-cent 
additional  power  without  increase  in  the  fuel  costs.  Several  in- 
stallations of  this  type  have  been  made  during  the  last  two  years, 
and  among  these  are : — The  American  Steel  &  Wire  Company,  one 
300  kw  imit  and  one  750  kw  unit ;  the  American  Iron  &  Steel 
Manufacturing  Company,  one  1000  kw  unit;  the  American  Roll- 
ing Mill  Company,  two  1  500  kw  units;  the  National  Tube  Com- 
piany,  one  I  000  kw  unit  and  three  i  500  kw  units  ;  the  I'ittsburg 
Steel  Company,  one  1  000  kw  unit;  the  Pressed  Steel  Car  Company, 
one  500  kw  unit  and  one  i  000  kw  unit;  the  Republic  Iron  &  Steel 
Company,  two  6o3  kw  units ;  the  Standard  Steel  Works,  two  500 
kw  units;  the  Wisconsin   vSteel  Company,  one  750  kw  unit. 

l-'or  the  large  steel  mill  of  today,  the  standard  characteristics 
of  the  electric  power  are  three  phase,  twenty-hve  cycle  and  either 
sixty-six  hundred  or  twenty-two  hundred  volts,  with  but  a  few  ex- 
ceptk)ns.     The  high  voltage  otters  man\-  advantages  in  the  distribu- 
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tion  of  power  for  large  plants,  anrl  the  frequency  of  25  cycles  gives 
a  relatively  low  speed  range  for  the  design  of  large  motors.  This 
is  often  a  point  of  advantage  in  connecting  the  motor  to  the  mill, 
and  the  tendency  is  to  eliminate  gears,  ropes  and  belts  and  direct 
connect  the  motor  to  the  mill. 

A  number  of  the  older  mills  equipped  with  direct  current  only 
have  installed  low  pressure  direct-current  turbine  units  within  a 
comparatively  recent  period  and  these  units  have  been  of  three 
types : — • 

I — Steam  turbines  direct  C(^nnected  to  250  volt,  direct-current 
turbo-generators  (the  maximum  size  being  750  kw  at  I  500  r.p.m.). 

2 — Steam  turbines  direct  connected  to  six-phase,  60-cycle,  178 
volt,  alternating-current  generators  operating  at  3  600  r.p.m.,  maxi- 
mum speed,  with  leads  direct  connected  to  a  250  volt  rotary  con- 
verter, the  entire  unit  being  treated  as  a  direct-current  machine. 

3 — Steam  turbines  (3  600  r.p.m.,  maximum  sfieed,)  connected 
to  250  volt  direct-current  gencratcn's  by  gear  reduction  of  the 
Melville-]\lacalpine  type. 

During  the  last  year  all  improvements  of  any  importance  in 
the  steel  mills  have  included  the  installation  of  large  motors  for 
the  rolls.  The  large  roll  motor  of  today  is,  with  but  few  excep- 
tions, of  the  alternating-current,  wound-rotor  type.  Where  adjusta- 
ble speed  is  required,  the  motor  is  so  constructed  that  various  com- 
binations of  poles  can  be  obtained.  Special  attention  is  given  the 
mechanical  features  and  provisions  are  made  to  relieve  the  motor 
of  all  possible  shocks  and  strains  due  to  unusual  conditions,  such 
as  the  breaking-  of  the  mill  spindle. 

The  direct-current  mill  motor,  while  not  a  product  of  1910, 
has  been  an  improvement  of  a  comparatively  recent  period,  and 
for  auxiliary  service  on  machines  having  heavy  intermittent  duty, 
such  as  mill  tables,  screw-downs,  transfers,  charging  machines,  and 
ladle  cranes,  has  been  wonderfully  effective  in  reducing  operating 
costs.  The  repairs  to  the  motors  are  very  small  and  their  efficiency 
of  operation  is  high,  a  shut-down  due  to  motor  trouble  being  of  rare 
occurrence.  The  motors  are  of  very  rugged  construction;  the 
frames  arc  of  the  horizontal  split,  box  type,  with  well  braced  feet 
supports  of  steel,  and  are  made  with  and  without  counter-shaft 
bearing  brackets.  The  armature  shafts  are  large  and  are  made  of 
forged  axle  steel :  the  armature  coils  are  well  supported  at  the 
ends  and  are  held  in  place  firmly:  the  insulation  of  both  the  arma- 
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ture  and  field  coils  is  of  fireproof  construction  and  at  even  high 
temperatures  there  is  no  undue  deterioration;  the  motor  is  readily 
accessible  for  inspection  and  repairs,  and  the  speeds  are  moderate. 
While  it  is  a  fact  that  the  characteristics  of  the  direct-current 
motor  make  it  admirably  suited  for  the  general  class  of  mill  work, 
there  has  been  a  decided  increase  in  the  application  of  alternating- 
current  motors  on  auxiliary  machines  during  the  last  twelve  to 
eighteen  months.  The  advantages  ofl:'ered  by  he  latter  type  of  mo- 
tor are  lower  first  cost  and  higher  operating  efficiency,  and,  for 
large  installations  especially,  these  advantages  are  sure  to  bring  the 
alternating-current  motor  into  more  universal  use.  The  simplicity 
of  construction  of  the  squirrel-cage  type  of  motor  for  continuous 
service,  similar  to  shear  or  saw  duty,  is  also  a  particularly  favorable 
feature. 

The  present  day  alternating-current  squirrel  cage  motor  for 
mill  work  is  constructed  for  heavy  duty,  with  strong,  massive  frame 
and  large  shaft,  and  it  is  designed,  in  all  its  mechanical  and  elec- 
trical features,  to  withstand  severe  service  in  a  durable  manner. 
Decided  improvements  in  all  types  of  alternating-current  motors 
will  be  made  to  meet  the  demands  of  the  steel  mill  requirements  in 
a  manner  very  similar  to  the  advance  which  has  been  made  in  di- 
rect-current motors,  and  even  now  we  have  the  following  applica- 
tions of  alternating-current  motors  in  the  mills : — Cranes,  charging 
machines,  mill  tables,  transfers,  shears,  saws,  straightening  ma- 
chines, conveyors,  and  various  classes  of  finishing  machines. 

The  magnetic  switch  controller,  a  development  of  a  compara- 
tively recent  period,  has  been  one  of  the  leading  factors  in  the  im- 
provement of  motor  operation  for  the  intermittent  duty  in  particular. 
The  controller  proper  is  operated  by  means  of  a  master  switch, 
which  can  be  located  at  any  convenient  point,  and  which  requires 
but  little  energy  on  the  part  of  the  operator.  The  operator's  pul- 
pit can,  therefore,  be  located  to  the  best  advantage,  and  the  number 
of  operators  is  greatly  reduced  as  compared  with  the  number  re- 
quired by  the  old  mill  layouts.  While  the  older  forms  of  rheo- 
static  controllers  are  still  used  for  intermittent  service  motors  up 
to  and  including  the  50  horse-power  size,  the  magnetic  switch  con- 
troller is  used  almost  universally  for  the  larger  sizes.  They  are 
much  more  durable,  they  prevent  abuse  of  the  motor  by  giving 
automatic  acceleration,  and  various  features  such  as  dynamic  brak- 
ing, automatic  starting  and  stopping,  and  overload  and  no  voltage 
protection  can  be  incorporated  easily. 
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The  most  recent  new  application  of  electric  power  in  the  steel 
industries  is  that  of  the  electric  furnace.  During  the  year  1910  the 
output  of  electric  steel  was  approximately  100  000  tons,  and  the 
furnaces  in  operation  were: — The  Halcomb  Steel  Company,  one 
four-ton  Heroult  electric  furnace ;  the  Firth  Sterling  Steel  Com- 
pany, one  three-ton  electric  furnace  arc  type  and  one  i^^-ton  elec- 
tric furnace,  resistance  type;  the  Illinois  Steel  Company,  South 
Works,  one  15-ton  Heroult  electric  furnace;  the  Homestead  Steel 
Works,  Carnegie  Steel  Company,  one  15-ton  Heroult  electric  fur- 
nace ;  the  x\merican  Steel  &  W^ire  Company,  Worcester  Works,  one 
15-ton  Heroult  electric  furnace. 

This  is  a  new  art  in  this  country  and  the  possibilities  offered 
by  the  electric  furnace  are  known  in  a  small  measure  only.  The 
principal  field  of  the  electric  furnace  is  that  of  refining,  and  at  the 
present  time  the  largest  furnaces  are  used  as  part  of  a  duplex 
system.  The  steel  is  first  partially  refined  in  the  bessemer  converter 
or  open-hearth  furnace  then  finished  in  the  electric  furnace.  The 
grade  of  steel  is  superior  to  that  produced  by  the  older  process  (the 
crucible  process  being  excepted),  and  the  cost  is  but  slightly  in- 
creased. 


SINGLE-PHASE  EXTENSION  ON  THE 
NEW  HAVEN  SYSTEM 

W.  S.  MURRAY 
Electrical  Engineer 

BRIEFLY  reviewing  the  progress  of  the  year  19 10  in  matters 
pertaining  to  electric  railway  engineering  and  construction, 
the  most  important  development,  in  my  opinion,  is  embraced 
in  the  undertaking  of  the  New  York,  New  Haven  &  Hartford  Rail- 
road for  the  extension  of  electric  service  to  completely  cover  pas- 
senger, freight,  and  switching  service  under  trunk  line  conditions 
on  the  Harlem  River  Branch.  This  extension,  which  connects  Avith 
the  present  main  line  electrification  at  New  Rochelle  Junction,  will 
enable  all  train  and  switching  movements  on  the  New  Haven  sys- 
tem west  of  Stamford  to  be  made  electrically.  By  this  electrifi- 
cation some  200  miles  of  track,  measured  on  a  single-track  basis, 
will  be  added  to  the  100  miles  already  electrified. 

It  may  be  of  interest  to  note  that  the  New  Haven  is  the  first 
steam  railroad  in  this  country  which,  having  changed  to  electrical 
operation,   has   made   an   extended    addition   to   the    system.      The 
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fact  that  this  extension  is  made  witli  ii  ooo  volt  single-phase  over- 
head construction  and  the  fact  that  the  Hoosac  Tunnel  is  now  be- 
ing- elecrically  equipped  l)v  the  same  system  give  a  practical  verdict 
u]X)n  tlie  ])ast  few  years'  operation  of  this  system.  It  may  be  added 
that  the  Jdoosac  Tunnel  electriiication  is  isolated  and  a  long  dis- 
tance from  the  New  York  division  electriiication.  There  was.  there- 
fore, no  immediate  reason  why  either  the  direct-current  or  the 
three-phase  system  might  not  have  been  used  fc^r  the  tunnel,  had 
there  been  any  misgiving  as  to  the  suitability  of  the  single-phase 
system. 

Far  more  important,  in  my  opinion,  than  the  above  concrete 
fact  is  the  evidence  that  a  clearer  conception  of  the  proper  classifi- 
cation of  systems  of  electrification  is  being  brought  about  by  the 
results  obtained  in  actual  practice.  With  respect  to  their  applica- 
bility to  various  kinds  of  service,  I  am  happy  to  find  a  general  con- 
currence of  opinion  among  men  of  my  profession  in  the  conclusion 
that  the  high  voltage  single-phase  system  is  the  proi)er  electric  power 
to  app>y  to  trunk  line  trains,  inclusive  of  terminals  and  sul)urban 
territory.  As  completely  as  the  direct-current  system  is  superior  to 
the  single-phase  system  in  city  streets  and  suburban  connections 
of  not  too  great  distance,  so  in  the  larger  field  of  heavy  electric 
traction,  as.  for  instance,  trunk  line  electrification,  the  single-phase 
system  has  demonstrated  its  superiority  over  the  direct-current. 
This  statement  applies  even  in  the  case  of  electrification  of  trunk 
lines  of  the  character  that  obtain  in  the  Middle  Atlantic  coast  terri- 
tory, where  only  electric  passenger  operation  is  contemplated.  Add 
to  this  the  movement  of  freight  by  electricity,  and  the  com])arison 
of  net  costs^  between  the  direct-current  and  single-]diase  systems 
is  astonishingly  in  favor  of  single-phase. 

An  investigation  into  the  percentage  of  "yard  mileage"  to  main 
line  mileage  in  the  above-mentioned  territory  would  yield  a  sur- 
prise, I  am  sure,  to  many  :  this  ratio  being  remarkably  large.  Freight 
cars  lying  in  switching  and  classification  yards  are  not  earning 
money,  and  it  is  only  wdien  the  cars  are  made  up  into  a  train,  with 
their  merchandise  in  movement  toward  its  destination,  that  they 
become  revenue  producers.  Thus,  it  is  patent  that  we  should  not 
have  to  spend  a  great  deal  of  money  on  this  unproductive  yard 
mileage.  Only  recently  I  heard  an  advocate  of  the  third-rail  sys- 
tem say,  "Well,  we  have  brought  the  cost  down  to  $6000  a  mile". 
This  did  not  include  feeders,  sub-stations  or  anything  else — just 
third  rail.     A  yard  recently  electrified  for  single-phase  service  cost 
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$1  800  a  mile — no  feeders  required.  Thus,  with  the  single-phase 
system  we  are  enabled  to  electrify  yards  at  a  cost  which  is  25  per- 
cent of  that  required  in  the  case  of  the  direct-current  third-rail  sys- 
tem;  and  the  power  for  the  switching  engine  is  twenty-two  feet  out 
of  the  way,  while,  in  tlie  case  of  the  direct-current,  the  third  rail 
is  continually  18  inches  in  the  way,  especially  when  some  one  is  in 
a  hurry  to  cross  the  yard. 

The  study  has  been  exhaustive ;  the  conclusion  not  hypothetical 
but  practically  proved.  There  may  eventually  be  found  a  bet- 
ter system  than  the  single-phase  for  heavy  trunk  line  electrification, 
inclusive  of  suburban  and  terminal  service,  but  it  has  been  clearly 
demonstrated  that  it  is  not  the  direct-current  system.  The  single- 
phase  system  lies  between  it  and  the  as  yet   undiscovered   system. 


CHANGES  IN  THE  ELECTRIC  RAILWAY  FIELD 

N.  W.  STORER 

THE  year  1910  has  not  seen  many  startling  changes  in  the 
electric  railway  field.  It  has,  however,  been  marked  by  a 
steady  im])rovement  in  a])paratus.  and  by  an  awakening  on 
the  part  of  operators  to  the  enormous  savings  that  can  be  made  in 
power  consumption  by  proper  attention  to  the  design  of  cars  and 
equipments  to  secure  minimum  weight  and  correct  methods  of  op- 
eration so  a*,  to  get  the  minimum  watt-hours  per  ton-mile.  The 
introduction  of  the  coasting  time  clock  by  the  Interborough  Com- 
pany in  Xew  York  City  has  done  much  to  prove  what  has  always 
been  realized:  that  is.  the  savings  in  power  consumption  by  rapid 
acceleration  and  braking,  and  long  coasting.  The  experiments  with 
ball  and  roller  Ijearings  are  in  the  same  line.  The  development  of 
the  light  storage  battery  car  calls  attention  to  the  great  reductions 
in  weight  that  are  possible  by  special  designs,  and  to  the  enormous 
reduction  in  power  consumption  by  low  speed  gearing.  From  the 
above  it  is  plain  that  the  economies  resulting  from  such  features 
are  going  to  be  rigidly  inquired  into  hereafter  by  all  thinking  oper- 
ators. 

The  interpole  motor  lias  still  further  extended  its  hold  on  the 
railway  field  and  is  giving  universal  satisfaction.  All  sizes  of  these 
motors,  from  the  giants  on  the  Pennsylvania  Tunnel  and  Terminal 
locomotives,  down  to  the  smallest  motor  used  for  street  railway 
service,  have  proven  definitely  and  conclusively  that  the   interpole 
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machine  is  the  best  motor  that  has  thus  far  been  devised  for  electric 
railway  service.  However,  the  improvements  of  the  year  have  not 
been  confined  to  the  interpole  motors.  The  design  of  the  standard 
non-interpole  motors  has  been  changed  in  various  ways  so  that 
practically  the  only  difference  between  the  two  kinds  is  that  due 
to  the  interpoles. 

The  multiple-unit  control  with  hand  acceleration  and  valve  mag- 
nets operated  by  line  current  has  met  with  the  most  enthusiastic 
reception.  The  extreme  simplicity  of  this  control  makes  it  suitable 
for  almost  any  railway  and  its  reliability  makes  it  most  desirable 
from  that  standpoint.  The  removal  of  the  heavy  hand  controller 
from  the  platform,  and  the  saving  of  all  the  space  above  the  floor 
for  the  use  of  the  passengers  and  the  crew  is  another  advantage; 
and  last,  but  not  least,  is  the  ability  to  operate  cars  in  trains.  In 
the  past  year  a  number  of  very  serious  accidents  on  interurban  rail- 
ways have  been  recorded,  which  might  have  been  avoided  in  some 
cases  by  the  use  of  multiple-unit  control.  The  greatest  danger  to 
be  apprehended  on  single-track  interurban  lines,  wdiere  a  high  speed 
schedule  is  maintained,  is  mixing  up  the  schedule  by  the  use  of 
special  cars  or  trains.  This  requires  new  passing  points  and  addi- 
tional crews,  who  are  more  or  less  unaccustomed  to  the  road,  and 
always  occurs  at  times  when  travel  is  heaviest  and  crews  have  most 
to  occupy  their  attention.  The  use  of  multiple-unit  control  permits 
the  necessary  number  of  cars  to  be  handled  in  trains  without  adding 
additional  trains  to  the  schedule,  and  thus  permits  the  regular  crews 
to  handle  the  trains,  and  make  the  regular  stops  and  passing  points. 
This  system  is  much  to  be  preferred  to  the  use  of  trailers,  since 
the  use  of  trailers  necessitates  either  equipments  larger  than  neces- 
sary for  the  regular  service  and  operating  normally  in  an  uneco- 
nomical manner  or  the  overloading  of  equipments  and  running 
behind  schedule  when  hauling  trailers.  The  operation  of  the  mul- 
tiple unit  control  system  for  interurban  lines  will  certainly  be  great- 
ly extended  when  the  value  of  these  features  is  better  understood. 

The  single-phase  system  possesses  wonderful  advantages  in  per- 
mitting the  concentration  of  heavy  loads  at  any  point  desired  along 
the  line.  The  record  for  heavy  interurban  trains  is  held  by  the 
Chicago,  Lake  Shore  &  South  Bend  Railway,  which  operated  an 
ii-car  train,  consisting  of  six  motor  cars  and  five  trailers  over  the 
entire  line  last  summer.  Such  a  feat  would,  of  course,  have  been 
impossible  on  any  direct-current  interurban  line^h  the  country.  The 
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}ear  has  been  marked  by  a  steady  improvement  in  single-phase  ap- 
paratus, as  well  as  the  direct-current.  Improvements  made  in 
motor  construction  tend  to  make  these  still  more  rugged  and  reliable, 
while  improvements  in  the  control  equipments  make  the  possibilities 
for  abuse  of  the  equipments,  by  overspeeding,  very  much  less  liable 
to  occur.  Some  of  the  very  advantageous  features  of  the  single- 
phase  equipment  have  made  it  subject  to  abuse  because  of  insufficient 
safeguards  to  prevent  overspeeding.  There  has  recently  been  in- 
troduced, however,  a  very  simple  addition  to  the  equipment,  which 
automatically  cuts  off  power  from  the  motors  when  a  certain  pre- 
determined speed  is  reached.  It  is  thus  possible  to  use  over-voltage 
points  on  the  control  to  obtain  rapid  acceleration  to  high  speed, 
while  at  the  same  time  making  it  impossible  to  operate  at  excessive 
speeds  with  power  on. 

The  I  200  volt  direct-current  system,  which  is  in  use  on  a 
number  of  interurban  railways,  is  making  steady  progress.  Im- 
provements are  being  made  as  necessity  demands.  More  breaks  in 
series  have  been  added  to  the  control  equipment,  and  better  insula- 
tion, for  rheostats,  control,  etc. ;  rotary  converters  are  operated 
two  in  series ;  i  200  volt  generators  and  rotary  converters  are  being 
built.  In  general  the  equipments  are  giving  satisfaction.  The  total 
cost  of  operating  i  200  volt  roads  appears  to  be  about  the  same 
as  that  of  similar  600  volt  roads. 


SOLVING  NEW  PROBLEMS 

C.  E.  SKINNER 

PRACTICALLY  no  branch  of  industrial  work  to-day  can  ex- 
pect to  make  progress,  or  even  keep  abreast  of  the  times,  un- 
less a  certain  amount  of  investigation  and  research  work  is 
carried  out.  The  increasing  number  of  research  departments  es- 
tablished as  a  part  of  industrial  organizations,  and  the  increasing 
number  of  independent  laboratories  established  to  do  research  work 
on  a  commercial  basis,  give  us  a  good  index  of  the  attitude  of  the 
average  manager  of  industrial  corporations  toward  experimental  and 
research  work.  Many  firms  not  equipped  with  experimental  or  re- 
search departments  are  availing  themselves  of  the  independent  lab- 
oratories, and  even  the  technical  universities  are  being  used  to  ad- 
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vantage  for  the  solution  of  the  problems  necessary  to  progress  in 
industrial  concerns. 

Increased  competition  in  any  line  of  manufacture  makes  it  nec- 
essary to  take  advantage  of  every  betterment  that  can  lie  made  in 
the  qualities  of  the  materials  used.  Nickel  steel,  for  example,  has 
made  possible  designs  which  would  be  impossible  with  ordinary  car- 
bon steel.  The  processes  of  manufacture  must  be  carried  out  with 
more  exactness,  since  allowable  variations  will  be  less  than  when 
unnecessarily  large  amounts  ofmiaterial  are  used.  The  use  of  silicon 
steel  in  transformers,  together  with  the  exact  processes  now  fol- 
lowed in  its  annealing,  make  possible  designs  wdiich  were  im- 
practicable with  the  older  types  of  steel,  and  the  variations  in  the 
electrical  losses  in  the  finished  i)roduct  are  now  exceedingly  small 
as  compared  with  the  transformers  of  five  years  ago. 

New  materials  must  be  studied  and  applied  to  meet  new  de- 
mands; new  phenomena  must  be  investigated  and  taken  advantage 
of  in  new  types  of  apparatus.  The  electr*)lytic  "valve  action"  of 
aluminum-coated  plates  has  made  possible  a  more  efficient  type  of 
lightning  arrester  than  has  hitherto  been  available.  The  best  re- 
sults are  reached  in  any  design  when  designer  and  shop  men  unite 
in  taking  advantage  of  all  qualities  or  methods  or  phenomena  that 
will  better  the  character  of  the  product.  It  is  easy,  for  example, 
to  design  a  steel  structure  which  is  unnecessarily  strong  and  ex- 
pensive, and  nothing  more  than  a  very  general  knowledge  of  the 
properties  of  steel  is  required  for  such  a  design,  and  a  poor  grade 
of  workmanshi])  may  still  give  satisfactory  results.  It  is  impossi- 
ble to  design  such  a  structure  which  reduces  to  an  absolute  mini- 
mum the  amount  of  material  required  to  accom])li^h  the  jiurpose, 
and  still  be  entirely  safe,  unless  the  physical  properties  of  the  best 
steel  available  are  very  exactly  known,  and  to  realize  the  proper 
result  in  the  finished  structure  the  workmanship  must  be  of  the  best. 

With  each  problem  solved,  a  number  of  others  arise  for  solu- 
tion. The  manufacture  of  a  successful  tungsten  lamp  has  made  it 
necessary  to  solve  a  host  of  new  problems  in  the  adaptation  of 
these  lamps,  such  as  new  reflectors  and  shades,  new  arrangements 
of  lighting,  a  new  low  voltage  transformer  system,  and  it  has  been 
necessary  to  radically  revise  the  system  of  manufacture  of  incan- 
descent lamps.  This  progress  has  also  had  its  efi^ect  on  oilier  types 
of  lighting  systems. 

The  development  of  material  with  new  i)ro]KM-ties  for  anv  given 
class  of  work   requires   that   the   relation  of   this   material    to   pre- 
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viously  known  materials  be  established.  Monel  metal  comes  to  us 
as  a  new  product  with  some  properties  which  are  different  from 
those  of  the  metals  available  for  the  same  class  of  work.  The 
intelligent  use  of  this  metal  in  the  form  of  wire,  rods,  sheets,  cast- 
ings, etc.,  has  made  necessary  a  very  considerable  amount  of  research 
into  its  properties  and  limitations. 

It  is  for  the  development  and  study  of  new  principles,  the  lo- 
cating of  limiting  qualities  of  materials,  and  the  limitation  of  pro- 
cesses, that  modern  industrial  establishments  maintain  research  de- 
partments. Xor  is  the  recovery  and  utilization  of  scrap  and  waste 
material  a  small  part  of  the  work  of  the  research  department  of 
a  well  conducted  industrial  plant.  In  fact,  this  latter  phase  of  the 
work  can  probably  be  made  to  show  a  money  value  more  readily 
than  any  other  form  of  research.  In  e>tal)lishnients  using  large 
amounts  of  copper  and  copper  aUoy.  for  example,  the  recovery  of 
copper  from  the  garbage  furnace  ashes  may  be  sufficient  to  pay 
the  salaries  of  all  chemists  employed  by  the  company. 

Instances  could  be  given  of  business  enterprises  along  establish- 
ed lines  which,  under  ordinary  circumstances,  would  be  only  mod- 
erately successful  at  best,  but  which  have  been  made  brilliant  suc- 
cesses due  to  .special  care  and  attention  to  principles  and  details 
which  are  overlooked  in  the  ordinary  conduct  of  the  same  class  of 
business.  This  research,  for  such  it  really  is,  usually  results  in  the 
development  of  some  specialty,  for  which  this  particular  firm  be- 
comes noted,  and  which  becomes  more  profitable  than  the  ordinary 
line.  In  fact,  it  might  be  said  that  most  industrial  enterprises  of 
today  are  founded  on  some  specialty  or  specialties  developed  through 
investigation  which  may  be  termed  "experiment"  or  "research".  If 
research  is  not  done  l)y  an  organized  department  comprising  experts 
along  the  various  lines,  it  must  be  done  under  more  adverse  con- 
ditions by  superintendents,  shop  men  and  others  who  are  at  the 
same  time  responsible  for  the  production  and,  therefore,  unable 
to  go  farther  than  to  overcome  immediate  difificulties.  Since  ad- 
vance must  be  made  in  any  line  where  there  is  competition  in  order 
to  sucessfully  meet  such  competition,  this  can  bes.t  be  done  by  a 
research  department,  efficiently  equipped,  efficiently  manned,  and  in 
the  closest  possible  touch  with  the  material  supply,  the  principles  in- 
volved in  the  design  of  apparatus,  the  methods  of  manufacture. 
aiTf]  tlie  commercial  requirements  of  the  finished  product. 


44  THE  ELECTRIC  JOURNAL 

DEVELOPMENTS  IN  MINING  AND  PUMPING 

W.  A.  THOMAS 

IN  the  matter  of  power  development  there  is  a  notable  tendenc}- 
to  the  development  of  central  energy  plants  for  mining  oper- 
ations, instances  being  the  central  energy  plant  of  the  Con- 
solidation Coal  Compan}^  at  Van  Lear,  Ky.,  with  turbo-genera- 
tors, condensers  and  sub-station  equipment ;  the  Clinchfield 
Coal  Corporation  at  Dante,  Va.,  with  the  development  of  a 
2  GOO  kilowatt  central  energy  plant  and  four  sub-stations.  These 
are  for  coal  mining  work  and  represent  an  appreciation  on  the 
part  of  coal  mining  officials  that  the  value  of  fuel  is  what  it  can 
be  marketed  for,  and  is  a  step  in  advance  in  the  coal  mining  in- 
dustry as  the  economics  of  central  stations  have  not  been 
sufficiently  recognized  in  the  past. 

The  Homestake  Mining  Company  at  Lead,  S.  D.,  is  just 
completing  a  6000  kilowatt  hydro-electric  installation  by  divert- 
ing the  Spearfish  River  through  some  25  000  feet  of  rock  tun- 
nels to  a  canyon,  thus  securing  some  400  feet  head  for  the  develop- 
ment of  power.  This  power  will  be  transmitted  approximately 
15  miles  to  gold  mining  operations. 

The  application  of  electricity  to  pumping  has  made  remark- 
able advances,  both  in  mining  operations,  municipal  water 
works  and  sewage  plants;  installations  of  importance  being  that 
of  the  Ward  Shaft  Association  in  the  old  Comestock  mines  at 
Virginia  City,  Nev.,  consisting  of  four  250  horse-power  complete- 
ly enclosed  motors  with  forced  ventilation  by  driving  air  first 
through  cooling  coils,  then  through  the  motors  and  again 
through  the  cooling  coils,  the  water  pumped  being  at  a  temper- 
ature of  approximately  175  degrees  F.  2  500  feet  below  the  sur- 
face of  the  ground,  and  the  water  for  the  cooling  coils  being  tak- 
en from  the  surface  at  approximate  80  degrees  maximum  tem- 
perature. Another  important  installation  is  that  of  the  Grand 
Rapids  Sewage  Disposal  Plant,  to  provide  against  flooded  con- 
ditions owing  to  rise  of  water  level  in  the  river. 

A  very  important  development  of  the  past  year  has  been 
that  of  small  self-starting  direct-current  motors  for  isolated 
pumping  work  in  and  around  coal  mines.  These  motors  are 
made  with  especially  strong  commutating  characteristics,  so 
that  they  can  be  connected  directly  across  the  line  without  in- 
jury, the  advantage  being  that  starting  devices  are  unneces- 
sary and  the  pumps  can  be  allowed  to  run   constantly;  in   the 
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event  of  the  circuit  being  opened,  no  injury  will  develop  when 
the  power  is  again  connected  to  the  line  with  the  motor  on  the 
circuit. 

The  lead  of  the  Baldwin-Westinghouse  Companies  in  the 
matter  of  constructing  steel  frame  mine  locomotives  has  been 
followed  by  others,  and  the  past  year  has  witnessed  a  great 
number  of  installations  of  this  type  of  locomotive,  thus  reducing 
frame  breakage  to  a  minimum,  making  much  stronger  locomo- 
tives and  permitting  greater  horse-power  of  electrical  equip- 
ment on  a  given  weight  of  engine. 

Remarkable  progress  has  been  made  in  the  last  year  in  the 
application  of  electrically-driven  pumps  for  irrigation.  For  in- 
stance, some  25  or  30  small  pumping  plants  have  been  installed 
in  the  Columbia  River  Valley  alone,  and  numerous  pumping  out- 
fits have  also  been  installed  elsewhere.  The  most  notable 
installation,  however,  is  that  of  the  Portalles  Irrigation 
Company  at  Portalles,  New  Mexico,  where  a  large  tract  of  land 
is  sub-irrigated  at  a  depth  of  25  to  40  feet.  A  central  station 
plant  was  installed  at  a  convenient  point  in  this  tract,  where 
coal,  mined  in  New  Mexico,  is  used  in  gas  producers  to  furnish 
gas  to  two  600  k.  V.  a.  gas  engine-driven  generators,  the  power 
being  distributed  at  11  000  volts  to  four  or  five  step-down  sta- 
tions, from  which  distribution  is  made  to  72  pumps  operating  in 
wells  at  the  proper  depth  to  reach  the  water  and  pump  it  out 
on  the  land.    This  field  of  application  is  one  of  great  promise. 


GENERATING  APPARATUS  AND  ROTARY 
CONVERTERS 

F.  D.  NEWBURY 

THE  past  year  has  not  witnessed  radical  changes  in  the  ordi- 
nary lines  of  generating  apparatus.  There  is,  however,  a 
tendency  toward  higher  speeds,  as  is  evidenced  by  the  state- 
ments here  given  regarding  several  specific  sizes  and  types  of 
apparatus. 

Until  quite  recently  the  largest  alternating-current  turbo-gener- 
ator built  to  operate  at  3  600  r.p.m.  was  rated  at  i  500  k.  v.  a.  Dur- 
ing the  past  year  this  speed  has  been  used  for  generators  up  to  2  500 
k.  V.  a.,  normal  rating.  This  extraordinary  capacity  for  a  two-pole 
generator  has  been  made  possible  by  improvements  in  the  rotor 
construction  which  allow  considerably  more  space  for  copper  than 
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was  possible  in  older  designs.  The  loooo  k.  v.  a.  turbo-generator 
installed  by  the  City  Electric  Company  of  San  Francisco,  which 
operates  at  i  800  r.  p.  m.,  marks  another  milestone  in  the  successful 
building  of  large  high-speed  turbo-generators.  This  set  was  de- 
scribed at  the  December  meeting  of  the  American  Society  of  Me- 
chanical Engineers. 

In  direct-current  apparatus  there  has  been  a  marked  tendency  to 
supercede  slower  speed  engine  driven  machines  by  high  speed  motor- 
generator  sets  in  the  case  of  alternating-current  distribution,  or  high 
speed  turbo-generators  in  the  case  of  generators  directly  driven  by 
prime  movers.  These  developments  have  consideral^ly  decreased  the 
importance  of  the  engine  type  direct-current  generators,  particularly 
in  railway  work. 

The  most  important  change  in  rotary  converters  has  been  the 
increase  in  speeds  of  60  cycle  converters.  At  best,  60  cycle  convert- 
ers are  more  sensitive  and  require  more  care  in  operation  than  direct- 
current  apparatus,  with  the  possible  exception  of  high  speed  direct- 
current  turbo-generators.  This  is  due  almost  entirely  to  the  large 
number  of  poles  necessary  at  this  high  frequency.  Any  increase 
in  speed,  therefore,  results  in  a  reduction  in  the  number  of  poles 
which  brings  60  cycle  converters  more  in  line  with  those  built  for 
25  cycle  operation.  A  large  installation  of  500  kilowatt,  60  cycle, 
600  volt,  900  r.  p.  m.  converters  has  recently  been  placed  in  operation 
by  the  Reading  Street  Railway  System.  Until  these  were  under- 
taken, machines  of  this  size  were  built  with  12  poles  and  operated 
at  600  r.  p.  m.,  instead  of  eight  poles  and  900  r.  p.  m.  Similarly  the 
I  000  kilowatt,  20  pole,  360  r.  p.  m.  converters  have  been  redesigned 
with  12  poles,  to  operate  at  600  r.p.m.  While  60  cycle  converters 
are  not. preferable  where  it  is  possible  to  adopt  a  frequency  of  25 
cycles,  the  increase  in  speed  has  made  their  operation  less  sensitive 
than  was  formerly  the  case. 


THE  PORTLAND  CEMENT  INDUSTRY 

C.  W.  DRAKE 

THE  past  year  having  been  a  national  census  year,  it  is  inter- 
esting to  look  back  a  decade  upon  the  growth  of  the  Port- 
land cement  industry.  In  1901  it  was  almost  in  its  infancy. 
In  1910,  although  the  exact  figures  are  not  yet  available,  all  indi- 
cations point  to  a  production  of  about  yz  million  barrels.  The  out- 
put has  doubled  since   1905  and  has  been  forging  ahead  with  an 


THE   PORT  LAX  D    C  EM  EXT   IXDUSTRY  47 

increa.^e  of  about  15  to  20  percent  each  year.  A  production  of  yz 
million  barrels,  or  approximately  200000  barrels  per  day,  is  ob- 
tained onl_\-  b}-  the  expenditure  of  a  large  amount  of  power.  The 
common  rule,  which  has  been  in  use  for  this  work,  specifying  one 
horse-power  in  capacity  for  each  barrel  produced  per  day,  would 
indicate  that  on  an  average  200000  horse-power  had  been  expend- 
ed thnjugh<:)ut  the  past  year  in  the  manufacture  of  Portland  cement. 
Just  what  portion  of  this  power  is  applied  to  the  machines  by  elec- 
tric motors,  it  is  impossible  to  state,  but  the  percentage  is  rapidly 
increasing,  and,  in  a  few  years,  it  is  safe  to  say,  engine  and  line 
shaft  drive  will  be  used  in  only  a  sm.all  i)ercentage  of  the  plants. 
Cement  machinery  is  necessarily  of  heavy  and  rugged  construc- 
tion, but  recently  numerous  improvements  have  been  made  in  its 
design  and  construction,  especially  of  the  driving  mechanism,  so 
that  electric  motors  are  much  more  easily  applicable.  The  cjues- 
tion  of  speed  and  location  of  driving  shafts  has  been  given  more 
consideration  in  the  newer  designs  of  machines.  Improvements 
in  gear  reduction  or  in  the  sul)stitution  of  cut  instead  of  cast  gears 
have  been  made  and  also  improved  methods  of  lubrication  have 
been  incorporated  in  the  later  designs.  Such  improvements  tend 
toward  longer  life  of  apparatus,  reduced  maintenance  costs  and 
increase  in  the  general  tiperating  efficiency  of  the  plant. 

The  general  tendency  is  towards  individual  drive  for  all  of 
the  larger  machines,  where  large  amounts  of  power  are  required, 
and  the  greater  flexibility  and  economy  is  of  advantage.  The  air  in 
and  around  cement  plants  contains  a  large  amount  of  rock  or  ce- 
ment dust.  and.  althought  this  is  not  really  injurious  to  induction 
motors  as  long  as  it  does  not  enter  the  bearings,  it  is  nevertheless 
best  i)ractice  to  install  the  motors  wdiere  possible  in  separate  rooms, 
with  the  driving  shafts  passing  through  the  walls  into  the  mill.  This 
method  of  installation  is  used  in  most  of  the  newer  mills  and  re- 
sults in  a  longer  life  of  electrical  apparatus  with  less  attention  and 
maintenance.  Tube  mills  lend  themselves  very  readily  to  this  form 
of  drive,  making  use  of  motors  running  at  160  r.p.m..  which  are 
connected  by  flexible  couplings  to  the  driving  shafts  of  the  tuills. 
The  5  by  22  foot  mill  was  formerly  the  standard,  but  mills  of 
larger  diameter,  such  as  6  or  6.5  foot,  which  require  150  or  200 
horse-power  motors,  are  now  used.  If  the  output  is  proportional  to 
the  power  consumed,  it  may  easily  be  seen  that  a  large  gain  in  space 
would  result  from  the  use  of  larger  mills.  It  was  formerly  con- 
sidered impracticable  to   use  individual  drive   for  tube  mills,  since 
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the  starting  torque  required  is  very  high,  and  it  was  often  beHeved 
that  a  motor  must  be  about  twice  as  large  as  necessary  to  run  the 
mill  in  order  to  start  it  satisfactorily.  Careful  attention  to  the  char- 
acteristics of  the  mill  have  made  possible  the  design  and  construction 
of  motors  which  start  the  mills  readily  and  run  at  approximately 
their  fulWoad  rating. 

Considerable  advantage  is  claimed  by  some  machinery  manu- 
facturers for  vertical  mills  and  although  these  may  be  driven  by 
horizontal  motors  with  quarter-turn  belts,  the  conditions  have  been 
more  satisfactorily  met  by  using  vertical  motors. 

In  general  there  are  several  characteristics  required  by  motors 
for  cement  mill  service  which  are  common  to  most  of  the  applica- 
tions not  only  in  cement  mills  but  in  similar  classes  of  rough  and 
heavy  service.  Principal  among  these  are : — The  bearings  should 
be  dust-proof;  the  construction  of  the  entire  motor  should  be 
rugged ;  the  motor  should  have  good  starting  torque,  and  the  wind- 
ings should  not  be  affected  by  cement  dust. 

Although  a  motor  should  possess  all  of  these  characteristics, 
its  operation  may  not  be  satisfactory  if  improperly  applied.  For  any 
coupled  or  geared  service  in  cement  plants  a  flexible  coupling  is  al- 
most a  necessity  if  satisfactory  operation  and  long  life  are  desired. 
When  the  motors  are  belted  to  the  machine  the  belt  gives  the  nec- 
essary flexibility  and  relieves  the  motor  of  any  vibration  there  may 
b€  in  the  driven  machine. 


ELECTRIC  POWER  FOR  INDUSTRIAL  CONCERNS 

J.  H.  KLINCK 

T.HERE  is  an  increasing  tendency  on  the  part  of  users  of  elec- 
tric power  to  investigate  the  possibilities  of  central  station 
service  before  installing  a  plant  for  individual  use.  This 
movement  is  of  the  greatest  value  both  to  users  and  those  who  have 
power  to  sell.  Its  importance  has  been  promptly  recognized  by 
progressive  central  station  managements,  and  the  adoption  of  a  lib- 
eral policy  in  dealing  with  this  class  of  consumers  has  resulted  in 
great  improvement  in  the  day  loads  of  those  central  stations  which 
have  consistently  followed  such  a  policy. 

Another  feature  is  the  increased  interest  shown  by  industrial 
concerns  in  the  use  of  electrical  apparatus.  Instead  of  the  hap- 
hazard installation  of  a  motor  or  two  to  help  out  in  times  of  con- 
gestion, the  subject  is  usually  considered  in  the  broadest  possible 
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manner.  The  result  is  that  when  the  initial  installation  is  finally 
decided  upon,  all  details  in  connection  with  it  have  been  carefully 
considered  by  those  in  responsible  charge,  and  the  lines  laid  down 
are  such  as  are  capable  of  being  followed  when  the  expansion,  in- 
evitable in  all  successful  commercial  enterprises,  becomes  necessary. 

Those  who  begin  the  use  of  electrical  energy  under  conditions 
which  have  been  properly  investigated  and  carefully  studied  almost 
invariably  become  enthusiastic  in  their  appreciation  of  the  results 
obtained,  and  are  in  themselves  most  powerful  arguments  in  aiding 
to  convert  those  who,  while  they  readily  admit  that  it  is  possible 
to  see  where  the  business  of  others  may  be  thus  benefited,  feel 
that  these  conditions  do  not  exactly  apply  to  their  own  individual 
problem. 

There  is  a  marked  leaning  towards  simplicity  in  connection 
with  the  distribution  circuits  in  industrial  installations.  The  five- 
wire,  four-wire  and  three-wire  circuits  for  power  purposes  have 
practically  disappeared  for  direct-current  power  distribution,  the 
two-wire  system  in  connection  with  the  auxiliary  pole  motor  suc- 
cessfully meeting  every  demand  for  variable  speed.  In  those  cases 
in  which  light  and  power  are  furnished  from  the  same  circuit,  three- 
wire  circuits  are  installed,  but  the  low  voltage  is  used  solely  for 
illuminating  purposes.  The  three-phase  alternating-current  circuit 
has  become  practically  stand?.rd  for  polyphase  distribution. 

The  application  of  motors  to  individual  machines  has  been  in- 
creasing, especially  in  the  metal-working  industries.  The  suc- 
cessful development  of  high  speed  cutting  steel  has  rendered  the 
introduction  of  new  types  of  tools  desirable,  and  manufacturers 
have  been  quick  to  realize  the  possibility  of  obtaining  increased  out- 
put by  carefully  proportioning  tool  and  motor.  Recent  designs 
show  greatly  increased  strength  in  the  tools  themselves,  marked  sim- 
plicity in  general  appearance  and  considerable  increase  in  the  rated 
output  of  the  motors  used  to  operate  them.  The  control  of  the 
larger  motors  demanded  for  the  operation  of  individual  machines 
has  received  considerable  attention,  resulting  in  an  increased  field 
for  automatic  starting  and  controlling  devices.  Recent  installations 
of  apparatus  of  this  type  have  been  very  successful. 

As  a  whole,  no  decided  changes  in  the  application  of  motors 
for  industrial  purposes  have  been  observed  during  the  past  year, 
those  which  have  been  made  being  along  the  broad,  general  lines 
which  mark  the  steady  improvement  characteristic  of  all  established 
commercial  activities. 
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NOTES  ON  TRANSFORMER  DEVELOPMENT 

W.  M.  McCONAHEY 

IX  transformer  design  much  has  been  acc;)mphshed  during  the 
past  }ear  in  the  way  of  developments  and  improvements. 
Among  the  large  transformers  there  has  l)een  a  demand  for 
units  of  higher  voltage  and  greater  output.  The  distances  that  elec- 
trical power  can  be  transmitted  without  excessive  loss  in  the  trans- 
mission line  or  excessive  cost  depends,  up  to  a  certain  limit,  almost 
entirely  upon  the  voltage.  The  most  economical  source  of  power 
for  developing  electrical  energy  lies  in  tlie  great  waterfalls  of  the 
country,  but  many  of  these  are  so  remotely  located  that  the}'  can- 
not at  present  be  made  use  of  for  this  purpose,  \vhile  others  not  so 
remotely  located  are  being  developed  and  electrical  power  is  being 
transmitted  over  much  longer  distances  than  would  have  been  at- 
tempted a  few  years  ago.  From  this  it  is  seen  that  the  tendency 
is  steadily  toward  higher  transmission  voltages  and  one  of  the  prob- 
lems of  the  transformer  engineer  is  to  foresee  and  anticipate  the 
demand  and  be  able  to  meet  it  when  it  arrives.  A  number  of  sys- 
tems are  now  operating  successfully  at  looooo  and  iioooo  volts, 
and  before  another  year  has  passed  by  there  will,  in  all  prol)ability, 
be  at  least  one  .system  operating  at  140  000  volts  with  ungrounded 
neutral. 

\\'ith  increasing  voltages  there  naturally  comes  increase  in  size. 
The  higher  the  voltage,  the  larger  the  minimum  size  that  can  be 
l)uilt  economically.  There  are  also  other  good  reasons  why  a  few 
large  transformers  in  a  .station  are  better  than  a  larger  number  of 
smaller  ones.  Among  these  reasons  may  be  mentioned,  less  total 
cost,  less  floor  space,  liettcr  performance,  less  chance  of  breakdown 
because  of  the  smaller  number  of  units  and  simpler  wiring  and 
switching  arrangements.  These  advantages  are  being  appreciated 
more  and  more,  so  that  the  tendency  is  toward  tlie  use  of  larger 
units.  A  few  years  ago  the  largest  transformers  used  did  not  ex- 
ceed 2  000  to  2  500  k.v.a.,  while  now,  single-phase  transformers  of 
double  that  size  and  three-phase  transformers  up  to  10  000  k.v.a. 
are  in  use. 

Large  three-phase  transformers  have  been  in  general  use  in 
Europe  for  a  number  of  years,  but  it  is  only  very  recently  that  they 
have  been  built  in  this  country.  A  three-phase  transformer  occupies 
less  space  than  an  equivalent  bank  of  three  single-phase,  is  slightly 
more  efficient,  and  the  arrangements  of  wiring  and  switching  are 
more  simple.     The  disadvantages  are :    The  considerable  weights  of 
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the  large  sizes,  which  make  handling  difficult  in  many  cases,  the  in- 
creased time  and  cost  of  making  repairs,  and  the  cost  of  a  spare,  if 
one  is  kept  for  emergency.  The  advantages  of  using  three-phase 
transformers  in  many  cases  are  being  recognized  in  this  country, 
and  this  type  is  coming  more  and  more  into  use. 

Undoubtedly  the  most  important  transformer  development  of 
the  past  year  has  been  that  of  the  new  self-cooling  transformer  of 
large  size.  Heretofore  the  limit  of  size  for  a  -self -cooling  trans- 
former was  about  800  k.v.a.,  or  possibly  i  000  k.v.a.,  for  compara- 
tively low  voltages,  but  the  limit  of  the  new  type  is  from  2  000  to 
3  500  k.v.a.,  depending  upon  the  voltage  and  frecfuency.  Self- 
cooling  transformers  require  no  attention  other  than  occasional  in- 
spection and  can  be  placed  in  stations  where  water-cooled  trans- 
formers could  not  be  used  because  of  the  lack  of  water  or  its  ex- 
cessive cost.  Consequently  there  is  a  wide  demand  for  large  self- 
cooling  transformers. 

The  problem  of  designing  self-cooling  transformers  of  large 
capacity  is  simply  one  of  designing  a  tank  with  sufficient  surface  to 
radiate  the  heat  generated  in  the  transformer  and  keep  the  tem- 
perature rise  iwithin  the  necessary  limits.  The  amount  of  surface 
depends  upon  its  efficiency,  which  may  be  defined  as  the  watts  ra- 
diated per  square  inch  of  surface,  as  well  as  upon  the  amount  of 
heat  to  be  radiated.  A  plain  surface  is  the  most  efficient,  but  as 
it  is  broken  up  into  corrugations,  the  efficiency  decreases.  At  first 
the  increase  in  surface  is  much  more  rapid  than  the  decrease  in 
efficiency,  but  as  the  surface  is  broken  up  further  and  the  depth 
of  corrugation  increased,  a  i)oint  is  reached  where  the  efficiency  be- 
gins to  decrease  very  rapidly,  and  beyond  this  point  it  is  useless  to 
go,  as  nothing  further  can  be  gained  by  increasing  the  depth  of 
corrugation.  In  the  new  type  of  case,  however,  a  method  has  been 
found  whereby  the  surface  can  be  very  largely  increased  and  at 
the  same  time  the  radiating  efficiency  of  the  surface  kept  very  high. 
This  method  consists  simply  in  fitting  the  outside  of  a  boiler  iron 
tank  with  a  large  number  of  vertically  arranged  tubes,  the  upper 
ends  of  wdiich  enter  the  tank  near  the  top  and  the  lower  ends  near 
the  bottom.  The  tubes  stand  out  well  from  the  sides  of  the  tank 
so  that  the  cooling  air  can  circulate  freely  among  them.  Since  the 
efficiency  of  the  cooling  surface  depends  very  largely  upon  the 
ease  with  which  the  cooling  air  can  pass  over  it  without  being  im- 
peded by  restricted  passages,  or  air  pockets,  it  is  readily  seen  that 
this  typg  of  tank  for  large  self-CQoling  transformers  is  far  in  ad- 
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vance  of  any  other  type  that  has  ever  been  proposed.  It  stands 
by  itself  as  the  only  practical  type  in  use. 

Locomotive  auto-transformers,  v^diioh  were  first  built  in  capac- 
ities of  about  500  k.v.a.,  'have  been  steadily  increasing  in  size,  and 
recently  transformers  of  this  type  have  been  used  on  the  New  York, 
New  Haven  &  Hartford  Railroad  of  i  500  k.v.a.  capacity.  Railway 
auto-transformers  are  in  a  class  by  themselves,  on  account  of  the 
peculiar  conditions  under  which  they  work  and  the  hard  service  to 
which  they  are  subjected. 

Among  the  smaller  transformers,  generally  known  as^'distribut- 
ing,"  the  present  type  occupies  an  enviable  position  due  to  its  high 
quality  and  splendid  performance.  Superior  design,  material  and 
workmanship  are  responsible  for  this.  During  the  past  year,  only 
a  few  minor  changes  of  small  importance  have  been  made,  the  aim 
being  to  take  advantage  of  every  improvement,  no  matter  how 
small,  that  could  be  suggested. 

Supplementing  the  ordinary  distributing  transformer,  there 
have  been  brought  out  during  the  year  a  line  which  is  of  the  same 
high  quality,  but  wound  for  high-tension  voltage  of  6600,  11  000 
and  16  500.  The  increased  number  of  systems  employing  these 
voltages  has  created  a  demand  for  this  line. 

Three-phase  transformers  in  commercial  sizes  up  to  50  k.v.a. 
are  now  available  and  meet  with  favor,  as  it  is  generally  more  con- 
venient to  use  a  three-phase  transformer  for  local  three-phase  dis- 
tribution than  three  single-phase  units.  This  is  appreciated  more 
than  formerly  and  the  demand  for  three-phase  transformers  of 
this  type  is  rapidly  growing. 

Research  and  experimental  investigations  covering  the  various 
phases  of  transformer  work  have  been  carried  on  continuously  and 
the  information  obtained  thereby  has  been  applied  in  keeping  the 
transformers  up  to  the  highest  standard  of  excellence. 


PROGRESS   IN   DETAIL   APPARATUS. 

T.  S.   PERKINS 

THE  general  tendency  in  detail  apparatus  during  1910  has 
been  to  develop  to  a  higher  degree  of  perfection  existing 
lines  of  apparatus,  so  as  to  obtain  greater  accuracy  and 
durability,  and  to  make  modifications  and  extensions,  so  as  to 
better  adapt  the  apparatus  to  specific  applications.  For  conven- 
ience detail  apparatus  will  be  considered  according  to  the  follow- 
ing classifications;^- 
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Measuring-  apparatus ;  protective  apparatus ;  control  appara- 
tus ;  lighting  apparatus  ;  fan  motors,  and  cooking  and  heating  appa- 
ratus. 

Measuring  Apparatus — The  general  tendency  in  measur- 
ing instruments  has  been  toward  the  use  of  permanent  mag- 
net types  for  direct-current  work  and  induction  types  for  alternat- 
ing-current work.  The  permanent  magnet  types  have  been  improved 
principally  with  a  view  to  accessibility  of  parts  for  repairs.  The 
D'Arsonval  types  are  now  made  so  that  they  can  be  completely  re- 
moved from  the  meter  case  without  taking  the  magnets  off  the 
pole-pieces,  or  otherwise  disturbing  the  magnetic  conditions. 
The  single  air-gap  construction  of  the  permanent  magnet  meters 
is  the  result  of  the  above  considerations.  Shunts  of  interchange- 
able drop  are  furnished  for  these  instruments.  Induction  type 
meters  have  been  greatly  improved  during  the  year  so  as  to  make 
them  dead  beat  and  higher  in  torque  without  increasing  the 
weight  of  the  movement. 

In  switchboard  instruments  the  tendency  has  been  toward 
round  open  dial  meters  instead  of  cases  having  glass  only  over 
the  scale  portion,  thus  obtaining  better  illumination  and  greater 
readal:)ility  from  a  distance.  Among  specific  cases  of  develop- 
ments arc  the  following:  Improved  relay  type  of  graphic  meters 
with  motor-wound  clocks ;  the  iron  loss  voltmeter  for  use  in 
testing  transformer  losses ;  a  relay  for  alternating-current  re- 
verse current  transmission  line  work;  static  voltmeters  for  high 
tension  measurements  up  to  300000  volts.  In  watt-hour  meters 
the  tendency  has  been  to  still  greater  accuracy,  permanency  and 
convenience  in  handling.  The  year  has  seen  practically  univer- 
sal adoption  of  the  rotating  standard  method  of  testing  ser- 
vice meters.  Other  important  developments  bearing  on  these 
meters  are  the  adoption  by  the  National  Electric  Light  Associa- 
tion and  by  the  Edison  Association,  of  a  joint  meter  code,  and 
supervision  by  Public  Service  Commissions  created  by  State  Leg- 
islatures. 

Protective  Apparatus — The  increase  in  the  capacity  of 
generating  stations  and  the  resultant  magnitude  of  the 
currents  that  can  be  fed  into  distributing  lines  in  case  of  short- 
circuit  has  made  the  circuit  breaker  problem  one  of  not  only 
great  importance,  but  also  one  of  the  most  difficult  in  the  elec- 
trical industry.  There  has  been  considerable  done  on  this  prob- 
lem and  developments  are  under  way,  which  give  promise  that 
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this  kind  of  apparatus  will  keep  pace  with  the  requirements. 
Circuit  breakers  better  suited  to  use  for  the  protection  of  in- 
duction motors  have  been  developed.  On  railwa}-  circuits 
there  seems  to  be  a  growing  tendency  to  use  fuses  in  addi- 
tion to  circuit  breakers.  In  lightning  arrester  work  the  year  has 
seen  the  perfecting  in  detail  of  the  electrolytic  or  aluminum  type 
of  arrester  and  its  general  application  to  power  circuits.  A  tend- 
ency is  manifest,  however,  to  reduce  static  protective  apparatus 
to  simpler,  less  expensive  and  more  rugged  forms.  The  demon- 
strated strength  of  oil  transformers  has,  in  the  minds  of  many 
engineers,  warranted  this.  There  is  also  a  manifest  tendency 
to  put  high  voltage  sub-station  apparatus  out  doors.  The  light- 
ning protective  devices  have  led  the  way  in  this  departure  and 
for  all  \'oltages  types  can  be  found  suitable  for  outdoor  use. 

Control  Apparatus — The  demands  for  control  apparatus, 
covering  the  year  1910,  have  shown  a  tendency  in  all  lines,  lead- 
ing toward  the  higher  perfection  of  design,  wider  application, 
more  automatic  operation  and  more  protection  to  operator  and 
apparatus.  In  motor  starting  ai)paratus  operated  by  hand  the 
tendency,  especially  in  larger  sizes,  is  toward  unit  switch  con- 
struction. In  field  control  apparatus  there  has  been  more  call  for 
remote  control  in  applications  along  industrial  lines,  such  as 
paper  mill  and  printing  press  control.  Along  the  line  of  auto- 
matic control  there  has  been  considerable  activity.  The  effect 
of  an  automatic  control,  such  as  is  operated  by  a  master  switch 
or  controller,  is  to  insure  uniform  and  proper  operation,  thus 
protecting  expensive  machiner}-  and  necessitating  less  experi- 
enced operators.  Employment  of  dynamic  braking  has  become 
more  general,  and  there  has  been  marked  activity  in  control  oi 
alternating-current  motors.  No  voltage  and  overload  protection 
for  auto-starters  has  also  been  introduced  and  is  being  widely  ap- 
plied. 

Electric  LiqJitiug  Apparatus — There  'has  been  a  marked 
tendency  toward  a  more  general  use,  as  well  as  more  scientific 
application,  of  high  efficiency  lamps.  The  advantages"  of  the 
higher  efBciency  units  have  fallen  largely  to  the  consumer,  but 
the  central  stations  by  an  active  enthusiastic  campaign  for 
higher  standard  of  illumination  have  kept  up  their  station  output. 
There  has  been  a  decided  tendency  toward  improvements  in  ex- 
terior illumination.  The  field  where  lighting  is  least  used  in  pro- 
portion to  its  possibilities  is  in  street,  park  and  boulevard  light- 
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ing-.  Very  considerable  activity  has  been  manifest  in  promoting 
higher  standard  of  street  illumination  in  this  country.  It  is  for- 
tunate that  the  field  in  which  a  higher  standard  of  illumination 
is  most  needed  is  also  one  in  which  any  improvement  attracts 
greater  attention.  The  campaign  for  the  education  of  the  public 
to  a  higher  standard  of  street  illumination  has  been  encouraged 
and  assisted  by  the  introduction  of  larger  illumination  units. 
The  use  of  the  series  tungsten  system  for  street  lighting  has 
been  rapidly  extended.  There  is  a  very  considerable  field  where 
this  system  can  be  properly  used,  and  it  seems  to  be  coming 
generally  recognized  that  such  is  the  case.  While  no  material 
improvements  have  been  made  in  the  constant  current  mercury 
rectifier  for  the  operation  of  arc  lights  yet  its  use  has  become 
demonstrated  as  commercially  satisfactory  in  every  way  and 
likely  to  be  standard  for  some  years  to  come.  Its  use  for  battery 
charging  has  continued  to  increase. 

Fail  Motors — The  use  (tf  fan  motors  continues  to  grow 
rapidly.  The  imi)n)\ements  of  the  }'ear  have  been  along  the 
line  of  perfecting  details  to  get  economy  of  current  consumption, 
large  volume  of  air  moved,  wide  zone  of  air  distribution,  ([uiet 
operation,  minimum  attention  on  the  part  of  the  user,  speed 
regulation  and  long  life.  Attention  has  particularly  been  directed 
toward  improving  appearance  and  reducing  the  weight. 

Cooking  and  Heating  Apparatns — The  field  for  this  appara- 
tus is  extending  rapidly.  There  has  been  considerable  activity 
in  developments  along  broad  lines.  Some  new  appliances  have 
been  made  and  others  will  follow  rapidly.  An  important  example 
is  the  completion  of  a  boiler  for  generating  steam  on  a  locomotive 
for  heating  passenger  trains.  The  tendency  in  industrial  and 
household  appliances  has  been  to  create  designs  which  bring  the 
heating  element  in  closer  contact  with  the  thing  to  l)c  heated. 
For  instance,  in  the  water  heater,  the  heating  element  is  immers- 
ed in  the  water  instead  of  placing  a  vessel  containing  the  water 
on  a  heated  surface.  This  results  in  a  material  gain  in  efiiciency. 
Other  applications  of  the  idea  are  in  cofifee  percolators,  chaffing 
tlishes,  frying  pans,  soldering  pots,  glue  pots,  etc. 


A  CONVERSATION  ON  AMERICAN  AND 
EUROPEAN  RAILWAY  PRACTICE 

CHARLES  COLLETT 

HERR  GRtJNDLICH  had  been  visiting  this  country  in  order 
to  study  American  railway  practice.  He  had  investigated 
practically  every  large  railway  electrification  and  many 
street  car  systems.  Consequently  I  was  interested  in  obtaining 
from  him  an  expression  of  his  views  in  regard  to  American  meth- 
ods, which  he  would  most  naturally  compare  with  European  elec- 
tric railway  practice.  Although  I  knew  him  as  a  progressive  engi- 
neer, this  was  my  first  opportunity  to  informally  discuss  with  him 
the  many  problems  in  which  we  were  both  so  actively  interested.  It 
was  on  the  evening  of  his  departure  and  we  had  proceeded  to  the 
dining-room  at  the  station.  I  found  him  quite  ready  to  talk  and 
accordingly  my  questions  were  many  and  varied. 

"The  European  engineer,"  he  said,  in  reply  to  what  was,  of 
course,  my  first  query,  "upon  arriving  in  this  country  for  the  pur- 
pose of  learning  something  about  American  methods  in  electric 
railway  engineering,  is  at  first  impressed,  in  general,  by  two  char- 
acteristic features,  namely,  the  higher  speeds  maintained  through- 
out the  entire  field  of  electric  traction  and  the  heavier  loads  hauled 
on  American  roads.  Heavy  loads  are  particularly  characteristic  of 
electric  locomotive  service,  and  the  statement  applies  also  to  car 
operation.  As  a  result  the  capacities  of  the  individual  motors  are 
generally  larger,   especially  in  the  case  of  street  car  equipments." 

"I  believe,"  he  continued,  "that  American  interurban  electric 
railways  have  had  a  development  which  may  never  be  equaled  in 
Europe.  The  quality  of  man  employed  in  railway  operation  is 
superior  as  far  as  resourcefulness  and  quickness  is  concerned,  but 
inferior  as  far  as  discipline  and  instruction  regarding  economical 
and  safe  operation  goes.  Moreover  the  maintenance  of  the  entire 
system  is  poorer,  particularly  in  the  case  of  rolling  stock,  and  from 
the  coal  pile  up  there  seems  to  be  greater  waste." 

While  I  was  compelled  to  admit  that  his  points  were  well 
taken,  I  emphasized  the  fact  that  the  present  tendency  in  America 
is  strongly  in  the  direction  of  greater  economy. 

"As  regards  operating  speeds,"  he  continued,  "you  will  note 
than  in  most  countries  where  the  steam  railroads  are  owned  by 
private  companies,  the  speeds  are  higher  than  in  countries  where 
government  ownership  exists.  Higher  speeds  will  always  appeal  to> 
the  traveling  public  at  large ;  consequently  this  feature  is  used  as  a 
most  important  advertisement,  especially  where  several  roads  are 


AMERICAN  AND  EUROPEAN  PRACTICE  57 

competing.  The  large  distances  between  important  business  centers 
are  also  responsible  for  the  higher  schedule  speeds  used  on 
American  steam  trunk  lines.  This  tendency,  due  in  no  small  de- 
gree, I  presume,  to  the  public  demand,  has  come  to  embrace  electric 
traction  in  general.  Thus,  you  see,  it  is  natural  that  in  America 
higher  speeds  are  maintained  throughout.  The  speed  problem  has 
practically  been  solved  as  far  as  the  capability  of  the  electric  motor 
to  propel  trains  is  concerned.  The  problems  which  at  present  con- 
front the  engineer  are  more  the  mechanical  design  of  the  rolling 
stock  and  the  question  of  securing  a  roadbed  and  rail  construc- 
tion which  will  withstand  the  strain  of  heavy  loads  and  high 
speeds  with  a  large  margin  of  safety.  Germany,  and  in  fact 
nearly  all  continental  Europe,  is  more  handicapped  in  regard  to 
speeds.  The  roads  that  were  built  in  the  early  days  of  steam  loco- 
motive operation  were  laid  out  to  connect  as  many  cities  as  pos- 
sible. This  was  no  doubt  economical  in  those  days,  considering 
the  traffic  and  speeds  used,  but  it  was  not  farsighted  and  today 
these  very  facts  offer  problems  which,  as  the  population  becomes 
denser,  will  be  more  and  more  difficult  to  solve.  In  fact,  such  radical 
changes  as  the  rerouting  of  roads  would  seem  almost  impossible,  in 
most  cases,  on  account  of  the  enormous  expense  involved." 

"And  you  say  that  European  trains  are  not  as  heavy  as  in 
this  country?"  I  questioned. 

"Yes,  the  average  weight  of  trains  will  be  found  in  most 
cases  to  be  somewhat  less  and  in  the  case  of  freight  trains  the 
reason  will  be  apparent.  In  this  country  the  weight  of  trains  is 
limited  by  the  strength  of  the  drawbar,  while  in  Europe  the  weight 
is  limited  ordinarily  by  the  length  of  the  train.  The  permissible 
weight  per  axle  is  invariably  much  lower  in  both  passenger  and 
freight  service.  Consequently,  freight  trains  of  weights  such  as 
I  have  observed  to  be  common  in  the  West  would  hardly  be  pos- 
sible in  Europe  on  account  of  their  length,  which,  in  turn,  is 
primarily  limited  by  the  size  of  freight  yards.  As  you  know,  the 
individual  passenger  cars  used  abroad  are  lighter,  but  at  the  same 
time  the  weight  per  passenger  is  less.  Accordingly,  such  powerful 
engines  as  are  used  on  American  roads  are  not  required  in  Europe, 
unless  to  a  limited  extent  in  mountain  service." 

Our  conversation  drifted  from  generalities  to  engineering  de- 
tails, and  I  asked  him  if  he  would  not  tell  me  more  particularly 
wherein  European  practice  dift'ered  from  what  he  had  observed  in 
this  country.     As  a  result  of  his  study,  Herr  Griindlich  had  appar- 
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ently  developed  a  profound  admiration  for  American  electric  rail- 
way engineering  and  was  unbiased  in  his  views  regarding  good 
engineering,  as  an  engineer  ought  to  be.  He  said  that  he  was 
glad,  however,  to  avail  himself  of  the  op})ortunity  to  point  out 
some  features  of  European  practice  which,  with  due  consideration 
of  relative  conditions,  he  thought  superior  to  American  ways  of 
doing  things. 

"Being  particularly  familiar  with  .  German  practice,"  he  ex- 
plained, "what  I  say  will  refer  mainly  to  German  standards,  and 
to  start  at  the  bottom,  I  might  first  mention  rails.  The  rails 
used  in  Germany  on  main  trunk  lines  generally  weigh  from  sev- 
enty-five to  eighty  pounds  per  yard.  Lately,  however,  rails  of 
one  hundred  pounds  and  more  have  been  introduced.  The 
ties  are  laid  with  greater  spacing  than  in  this  country,  but  on  the 
other  hand,  tieplates  are  applied  much  more  generally  and,  in- 
stead of  spikes  driven  into  the  ties,  it  is  Prussian  government 
practice  to  use  tie  screws.  Spikes  are  never  used  on  main  trunk 
lines.  A  rather  peculiar  dift'erence  is  the  fact  that  in  Germany 
the  rail  joints  are  not  staggered  but  are  on  the  same  tie,  and  the 
joint  proper  is  placed  midway  between  ties  so  as  to  give  sufficient 
flexibility.  While  there  seems  to  be  no-  doubt  as  to  which  of  these 
represents  the  better  engineering,  nevertheless,  the  same  practice 
is  followed  in  most  of  the  countries  of  continental  Europe." 

"The  specifications  for  the  rail  manufacturers  are  somewhat 
more  rigid  in  Germany  than  in  this  country  insamuch  as  they 
are  compelled  to  scrap  more  of  the  crop  of  the  ingot,  a  practice 
which,  no  doubt,  is  responsible  to  a  great  extent  for  the  com- 
paratively few  accidents  that  occur  due  to  broken  rails.  The 
rails  used  in  street  car  operation  vary  a  great  deal  in  weight, 
size  and  crossections. 

"The  so-called  girder  or  step  rail  which  is  used  so  extensively  in 
this  county,  is  not  found  in  Germany.  This  design  of  rail  certainly 
seems  to  have  more  disadvantages  than  advantages  as  a  street  rail. 
While  the  general  tendency  abroad  is  to  divert  ah  he^w  liaul 
wagon  traffic  from  the  street  car  tracks,  the  girder  rail  wherever  it 
corresponds  to  wagon  gauge  will  attract  this  traffic  by  virtue  of  its 
very  design." 

"Yes,  but  you  must  under>tand  tliat  this  txpe  of  rail  lias  lieen 
•forced  upon  the  street  car  companies  in  several  localities  purposelv 
to  assist  heavy  wagon  haul  on  hilly  roads,  or  otherwise  in  lieu 
of  good  pavement." 


AMERICAN  AND  EUROPEAN  PRACTICE  59 

"While  their  use  in  suburbs  where  the  service  is  infrequent 
may  seem  justified,"  said  he,  "girder  rails  should  not  be  used  in 
city  streets  where  cars  follow  each  other  in  quick  succession.  It 
is  a  common  occurrence  for  heavy  wagons  using  the  rails  to  ex- 
perience difficulty  in  getting  out  of  the  tracks.  The  girder  rail  in 
congested  thoroughfares  is  a  great  impediment  to  good  street  car 
service." 

It  occurred  to  me  just  then  that  Herr  Griindlich  might  have 
some  interesting  comments  to  make  with  reference  to  electric 
locomotive  design  and  I  questioned  him  accordingly.  I  mentioned 
the  early  Baltimore  and  Ohio  locomotive,  which  today  stands 
as  the  American  pioneer  for  heavy  railway  service. 

"It  is  my  impression,"  he  replied,  "that  the  electric  locomotive 
has  had  practically  the  same  evolution  in  Europe  as  in  America. 
First  appeared  the  single  truck  locomotive  with  a  short,  rigid 
wheel  liase,  equipped  with  one  or  two  axle-hung  or  gearless  motors. 
Then  came  the  double  truck  locomotive  equipped  with  two  or 
four  axle-hung  motors,  the  frame  being  strong  enough  to  trans- 
mit the  drawbar  pull,  examples  of  which  are  the  first  \'altellina 
and  the  early  type  of  New  Haven  locomotive.  Developments  of 
this  type  are  the  Detroit  Tunnel  and  Great  Northern  electric 
locomotives  which  use  articulated  trucks.  The  gearless  motor 
has  hardly  passed  the  experimental  stage  as  far  as  continental 
Europe  is  concerned.  Since  the  motors  have  been  lifted 
out  of  the  cradle  that  has  held  them  so  long,  the  designs 
have  become  more  varied  and  numerous.  W  bile  two  or  three 
years  ago  the  bone  of  contention  in  the  United  States  was  whether 
single-phase  or  direct-current  was  best  suited  for  heavy  electric 
traction,  the  Ganz  Company,  of  Budapest,  and  a  few  other  firms, 
realizing  the  advantages  of  a  higher  center  of  gravity,  made  a 
decided  change  in  the  prevailing  design  by  introducing  a  running 
gear  with  side  rods;  a  point  of  design  which,  at  the  time,  was  con- 
sidered in  this  country  a  decided  step  backwards — as  far  as  I 
could  judge  from  the  technical  press." 

'Tn  spite  of  that,"  I  interrupted,  "it  was  left  to  this  country 
first  to  design  and  build  electric  locomotives  with  side  rods  and 
jack  shafts,  thus  closely  following  steam  locomotive  practice.  The 
machines  to  which  I  refer  are  the  large  articulated  loco- 
motives built  for  the  Pennsylvania  Railroad.  And  the  idea  of 
obtaining  a  higher  center  of  gravity  was  one  of  the  factors  in- 
fluencing the  design  of  the  later  four-motor  New  Haven  passenger 
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and   freight  locomotive  in  which  each  of   the  motors   is  mounted 
above  its  driving  axle,  to  which  it  is  connected  by  flexible  gears." 

"Yes,"  said  my  friend,  who  had  evidently  been  impressed  by 
the  design  of  this  latter  machine,  "this  is  a  noteworthy  design  of 
locomotive ;  it  embodies  all  essential  features  necessary  to  give 
good  riding  qualities,  with  an  efficient  drive.  It  seems  strange," 
he  remarked,  "that  so  many  prominent  engineers,  both  here  and 
abroad,  have  so  little  faith  in  gears  for  heavy  traction.  Gears 
made  of  first  class  material,  carefully  machined  and  used  in 
connection  with  a  flexible  drive,  such  as  is  embodied  in  these  loco- 
motives, should  show  very  satisfactory  wearing  qualities  and  give 
excellent  results." 

"It  seems  to  be  the  general  opinion,"  he  commented,  "that  the- 
good  results  obtained  with  side  rods  in  steam  locomotive  operation 
will  be  duplicated  in  the  case  of  electric  locomotives  with  siderods 
and  jack  shaft.  This  may  become  true,  but  while  in  electric  loco- 
motives the  action  of  the  piston  rod  inherent  with  the  steam  loco- 
motive has  been  eliminated  by  connecting  the  driving  rod  directly 
to  the  crank  on  the  motor  axle,  other  forces  are  introduced  by  the 
jack  shaft  which  may  give  rise  to  difficulties.  Yet  it  is  too  early 
to  pass  any  decided  opinion  on  this  matter.  A  year's  operation 
may  reveal  interesting  facts.  Nevertheless,  the  side  rod  type  of 
electric  locomotive  with  jack  shaft  seems  to  have  come  to  stay. 
The  tendency  in  Germany  and  northern  continental  Europe  is  at 
the  present  time  in  the  direction  of  concentrating  the  power  of 
the  locomotive  in  one  or  two  large  motors  which  transmit  their 
power  directly  to  the  axles  by  means  of  jack  shafts  and  side  rods. 
In  Italy  and  Switzerland  where  three-phase  locomotives — admir- 
ably suited  for  mountain  service — have  scored  a  remarkable  suc- 
cess, a  somewhat  different  running  gear  with  Scotch  yoke  is  em- 
ployed. The  bogie  truck,  although  used  extensively  in  American 
designs,  is  seldom  found  on  European  electric  locomotives,  while 
the  pony  truck  is  deemed  sufficient  as  a  leading  truck." 

"I  do  not  know,"  he  continued,  "whether  you  have  noted  a 
characteristic  difiference  in  the  mechanical  construction  of  Ameri- 
can and  European  locomotives.  Here  I  find  that  the  frames  of 
the  locomotives  are  generally  of  cast  steel,  while  abroad  only 
structural  steel  is  used.  An  exception  to  this  is  to  be  found 
in  the  locomotives  built  by  the  well-known  firm  Maffei  of  Munich, 
Bavaria,  which  has  followed  American  practice  in  using  cast  steel 
frames.     Cast  steel  is  cheaper  but  heavier,  and  it  is  mainly  because 
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of  its  greater  weight  that  Germany  has  resorted  to  structural  steel 
frames,  as  the  government  has  specified  a  maximum  allowable 
weight  of  only  15  tons  per  axle  for  railroad  equipments.  It  might 
be  expected  that  the  introduction  of  heavier  rails  would  raise  this 
figure,  but  such  would  hardly  be  the  case  as  the  maximum  per- 
missible load  per  axle  is  largely  governed  by  the  bridges." 

"Is  not  the  multiple  operation  of  electric  trains  common  prac- 
tice abroad?"  I  asked. 

"In  Germany  and  England  particularly,"  replied  Herr  Griind- 
lich,  "you  will  find  that,  in  the  electrification  of  steam  roads  up 
to  the  present  time,  multiple-unit  trains  have  been  favored  in 
preference  to  electric  locomotives,  while  here  multiple-unit  train 
operation  has  thus  far  been  confined  mainly  to  subway  and  elevat- 
ed service.  While  the  rolling  stock  available  from  steam  opera- 
tion cannot  be  used  to  such  an  advantage  in  multiple-unit  trains, 
this  is  offset  by  the  fact  that  higher  acceleration  is  possible  than 
with  electric  locomotives,  and  in  reversing  the  direction  of  trains, 
no  switching  of  locomotives  is  necessary." 

"The  problem  of  increasing  the  capacity  of  existing  tracks 
repeatedly  presents  itself,  and  electric  operation  of  trains  is  the 
only  solution  where  further  improvement  with  the  steam  loco- 
motive can  not  be  effected  and  the  laying  of  additional  tracks  is 
prohibited  by  local  conditions  or  too  great  expense  is  involved.  I 
have  taken  considerable  interest  in  analyzing  problems  of  this 
kind,"  he  confided.  "The  solution  is  based  primarily  upon  the 
closer  headway  of  trains  possible  with  electric  operation.  The 
problem  becomes  more  and  more  difficult,  the  greater  the  number 
of  stops  for  a  given  schedule.  The  length  of  time  required  by 
trains  to  traverse  stations  has  by  far  the  greatest  influence  upon 
the  headway  when  the  stops  are  frequent.  For  our  purpose  we 
may  define  the  station  as  the  section  betwen  Tn'  and  'Out'  signals. 
You  will  thus  see  that  the  time  required  by  trains  at  stations  is 
governed  by  the  duration  of  stop  which  may  be  assumed  as  fixed, 
the  time  required  for  braking  and  that  required  for  acceleration. 
With  electric  operation  the  time  required  for  the  retardation  of 
trains  can  be  reduced  by  electrically  operating  the  brake  release 
valves,  and  a  constant  rate  of  braking  of  even  one  meter  per  second 
per  second  (equivalent  to  two  and  one-quarter  miles  per  hour  per 
second)  can  be  obtained  with  certainty.  The  time  used  in  accelerat- 
ing trains  is,  of  course,  also  dependent  upon  the  rate  of  acceleration 
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obtainable,  in  view  of  which  multiple-unit  operation  offers  a  great 
advantage." 

Then  Ilerr  Griindnlich  cited  a  specific  case,  that  of  the  "Ber- 
liner Stadtbahn,"  which  at  the  present  time  is  operated  by  steam 
with  three-quarter  coupled  compound  locomotives,  and  which 
maintains  a  headway  of  two  and  one-half  minutes  as  the  very  best 
time  possible.  On  account  of  the  increasing  traffic  and  the  diffi- 
culty of  building  additional  tracks,  the  electrification  of  this  en- 
tire system  has  been  contemplated  for  several  years. 

"\A"ell,  why  don't  they  do  it?"  I  thought,  but  I  did  not  inter- 
rupt him. 

"Consider  now,"  said  he,  "that  the  use  of  multiple-unit  trains 
would  make  it  possible  to  decrease  the  headway  from  two  and 
one-half  minutes  between  trains  with  steam,  to  one  hundred  sec- 
onds— a  gain  of  thirty-three  and  a  third  percent!" 

He  then  enumerated  the  conditions  on  which  this  decrease  of 
headway  was  based: — First,  distance  between  In  and  Out  signals 
at  stations  to  be  305  meters  (  i  000  feet),  it  being  possible,  however, 
to  shorten  this  to  200  meters  (657  feet)  ;  second,  present  block  sig- 
nals to  be  used  as  they  stand;  third,  a  rate  of  braking  of  0.75 
meters  per  second  per  second  (1.68  miles  per  hour  per  second)  ; 
fourth,  a  rate  of  acceleration  of  0.5  meters  per  second  per  second 
(1.12  miles  per  hour  per  second)  ;  fifth,  average  time  of  stops 
twenty-five  seconds,  and  sixth,  time  for  actuating  the  signals  ten 
seconds,  although  only  six  seconds  are  required.  He  then  proceed- 
ed to  explain  how  the  introduction  of  electric  service  would  in- 
crease the  capacity  of  the  present  tracks  for  handling  passengers, 
and  as  he  talked  he  drew  from  his  pocket  the  following  interesting 
cli])ping  from  Elcctrischc  Bahnen  nnd  Bctriehe: 


Improved  Steam 
Train  Data              j               Locomotive 
Operation 
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AVith  Multiple 

Unite  Electric 

Trains 

Headway 214  min. 

No.  per  Hour   ....                              48 
Seating   Capacity    .     .           10   car.s,   47G  seats 

Length 124  meters,    (407  ft.) 

including    lo^co. 

Woiglit      and      Full-       :    280   Tons    (incl.   62.2 

Load ton    loco.)     Loaded 

36     percent     above 
seating  capacity 

100   Seconds 
72 
4  Motor  Cars  and  0 
Trailers,  602  seats 

147  Meters   (482  ft.) 

345     Tons.      Loaded 
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Seating  Capacity. 

No.  of  Passengers  per                         .  .-, 
Hour --^•"* 

ro.ssib!e    Increase    in                                 1, 
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4.-?  200 

S'.i 
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"Thus,  you  will  see,  that  even  with  the  most  improved  steam 
locomotive  operation,  the  introduction  of  electric  service  offers  an 
increase  of  almost  ninety  percent  in  capacity  for  handling  pas- 
sengers without  increasing  the  number  of  tracks.  Incidentally, 
considerable  increase  in  schedule  speed  would  be  obtained,  which 
in  turn  would  necessitate  less  rolling  stock." 

"Do  you  find  that  the  cars  used  in  multiple-unit  trains  in  this 
country  and  Europe  diff'er  materially?"  1  asked. 

"(Jh,  yes,"  replied  Herr  (iriindlich.  '"each  country  seems  to 
follow  the  types  prevailing  under  steam  locomrotive  operation. 
In  Germany,  England  and  Erance.  where  cars  with  individual 
compartments  and  side  doors  are  used  on  steam  roads,  this  type 
of  car  has  held  its  own  for  multiple-unit  trains.  A  departure  from 
this  type  was  adopted  by  the  subways  and  some  elevated  roads, 
particularly  in  England  and  Erance,  where  the  influence  of  Ameri- 
can design  was  very  pronounced,  as  evidenced  by  the  fact  that 
the  coach  type  of  car  was  adopted.  In  subways  and  on  elevated 
roads  where  it  is  necessary  to  prevent  people  from  boarding  or 
leaving  trains  while  in  motion,  the  coach  type  of  car,  with  gates 
at  both  ends  regulated  by  a  guard,  is.  in  my  judgment,  very  safe 
and  efficient  for  handling  large  crowds ;  particularly,  the  design 
with  two  additional  doors,  one  on  each  side  at  the  middle  of  the 
car.  as  this  arrangement  makes  it  possible  to  direct  the  entering  and 
leaving  of   passengers." 

"However,  speaking  of  rai)id  transit  in  general,  whether  the 
trains  be  multiple-unit  or  hauled  by  electric  locomotives,  there  is 
no  question  in  my  mind  a-  to  the  greater  ability  of  the  compart- 
ment car  than  the  ordinary  coach  type  used  in  America,  for  hand- 
ling large  crowds  with  minimum  time  for  stops.  The  cars  I  refer 
to  are  the  type  which  is  used  on  the  Berliner  Stadtbahn.  As  you 
doubtless  know,  these  cars  are  divided  into  eight  or  ten  com- 
partments. Each  compartment  has  a  door  at  each  side  and  an 
aisle  on  one  side  the  entire  length  of  the  car.  which  facilitates  the 
distribution  of  passengers  and  thus  prevents  overcrowding  of  any 
one  compartment.  All  doors  can  be  opened  from  both  the  inside 
and  outside,  but  the  general  discipline,  enforced  by  imposing  fines, 
is  such  that  no  one  tries  to  board  or  leave  a  train  while  in  motion 
save  American  tourists  who  are  ever  in  a  hurry  to  get  there." 
said  he.  with  a  laugh. 

"Would  not  a   further  improvement  in  the  distribution  of  pas- 
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sengers  be  obtained  by  providing  doors  at  both  ends  of  the  cars, 
as  in  the  coaches  in  this  country,  and  do  you  not  consider  having 
two  different  classes  of  cars  in  suburban  and  city  service  a  draw- 
back?" I  asked. 

"Yes,  interconnecting  the  cars  through  the  use  of  vestibules 
would  be  an  improvement,  but  this  is  not  as  essential  as  with  the 
coach  type  of  car,  because,  with  the  compartment  car  used  abroad, 
the  traveling  public  distribute  themselves  more  evenly  alongside 
the  entire  length  of  trains  at  stations.  In  regard  to  the  different 
classes  of  cars,  I  believe  that  for  all  short  haul  service  single  class 
cars  are  to  be  recommended.  On  several  occasions  during  my 
visit  to  this  country  I  have  observed  how  slowly  the  ordinary 
coaches  are  emptied.  I  asked  myself,  what  happens  in  time  of 
accident  in  these  coaches  and  Pullman  cars  where  there  are  only 
two  doors  and  where  the  windows  are  so  designed  that  no  normal 
person  could  get  out  by  way  of  them?  I  have  been  told  that  the 
reason  for  building  the  windows  in  such  a  manner  in  this  country 
is  mainly  to  prevent  people  from  leaning  out  of  them,  an  act 
which  is  rendered  especially  dangerous  on  account  of  the  smaller 
distance  between  adjacent  tracks  than  is  used  abroad." 

"This  drawback  of  having  only  two  doors  on  each  car,  the 
German  Pullman  cars  have  in  common  with  the  cars  in  this 
country.  You  may  be  interested  to  know,  however,  that  after  cer- 
tain accidents  which  occurred  several  years  ago  where  passengers, 
unable  to  force  their  way  through  the  doors  and  windows,  had 
been  burned  to  death  by  fire  or  escaping  steam,  a  commission 
appointed  by  the  government  to  investigate  the  matter  and  find  a 
remedy  decided  to  specify  various  changes  in  the  prevailing  de- 
sign. These  consisted  mainly  in  making  the  windows  consider- 
ably larger,  particularly  in  width,  reenforcing  the  window  frames 
and  attaching  grab  handles  on  the  outside  of  the  car  body  near 
each  window  to  facilitate  exit  in  case  of  accident." 

I  assured  Herr  Griindlich  that  these  comments  interested  me 
greatly  and  that  one  could  not  but  admire  the  thoroughness  with 
which  details  that  affect  public  safety  are  regulated  abroad.  "But," 
said,  I,  "you  have  not  given  me  your  impression  regarding  what 
you  have  seen  of  American  street  car  practice.  Do  American 
methods  differ  greatly  from  those  abroad?" 

"America  is  unquestionably  the  leading  country  in  the  use  of 
double   truck   street   cars,"   he   replied.      "While   in   Germany   the 
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double  truck  car  is  gaining  ground,  the  single  truck  car  is  by  far 
in  the  majority.  Trailer  cars  are  used  to  a  much  larger  extent  than 
in  this  country;  they  are  usually  detailed  for  'smoker'  service. 
The  double  decker,  common  in  England,  has  been  altogether  abol- 
ished in  Germany  in  the  few  places  where  it  was  used.  The  motor 
cars  are  of  a  lighter  design ;  that  is,  the  weight  per  seat  is  less 
than  in  American  cars.  Because  of  the  smaller  and  lighter  cars  the 
total  motor  capacity  is  smaller.  While  the  motors  found  in  Ger- 
many may  have  slightly  higher  efficiencies,  it  is  doubtful  if  they 
would  stand  the  wear  and  tear  and  overloads  that  I  find  motors, 
particularly  on  street  cars,  are  subjected  to  in  this  country." 

"The  undercutting  of  commutators  has  given  good  results  and 
this  practice  is  becoming  more  and  more  prevalent  abroad  as 
well  as  here.  In  Germany  cast  iron  is  ordinarily  used  for  grid 
resistance,  while  in  this  country  alloys  are  used,  chiefly  for  the 
purpose  of  gaining  greater   strength." 

'T  note  that  in  this  country  it  is  still  customary  in  street  car 
service  to  make  stops  at  all  streets.  This  practice  has  been  almost 
entirely  abandoned  in  Germany,  where  cars  stop  only  at  points 
designated  by  signs.  How  far  apart  to  place  these  signs  is  a  study 
and  is  entirely  dependent  upon  the  local  conditions.  Superfluous 
stops  are  eliminated,  while  the  majority  of  people  are  served 
equally  well.  The  practice  thus  oflfers  an  economic  advantage  and 
consequently   is   being  adopted    more   and   more   generally." 

"The  noise  of  street  cars  in  most  x^merican  cities  is  rather 
marked  as  compared  with  those  of  Europe,  a  fact  most  probably 
due  to  the  generally  heavier  cars  used.  To  minimize  noise,  a  first- 
class  road  bed  is  essential,  beside  a  form  of  truck  construction 
which  will  minimize  resonance.  Various  designs  of  trucks  and 
car  bodies  may  be  found  abroad  in  which  vibration  is  materially 
reduced  by  the  judicious  insertion  of  damping  material  in  the 
frames." 

'T  find  that  the  control  equipments  are  essentially  the  same 
here  and  abroad.  Switches  built  in  units — what  you  call  'switch 
groups' — have  not  been  used  abroad.  The  contactors  are  usually 
mounted  separately  and  thus  require  more  room.  Although  the 
control  equipments  may  be  cheaper,  more  wiring  is  required  and 
the  connections,  therefore,  become  complicated.  All  contactors  are 
operated  electro-magnetically  and  only  with  line  current.'' 

"What  sort  of  results  have  been  obtained  with  switches  oper- 
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ated  by  electro-magnets  in  heavy  locomotive  service?"  I  inter- 
rupted. 

"Experience  seems  to  indicate,"  he  answered,  "that  the  forms 
of  electro-magnetically  operated  switches  generally  used  work  sat- 
isfactorily up  to  approximately  one  hundred  and  fifty  amperes,  as  a 
large  surface  of  contact  is  not  needed.  With  larger  currents, 
however,  greater  contact  pressure  is  required,  and  to  obtain  this, 
the  pull  of  the  magnet  can  be  magnified  by  a  lever  arrangement 
acting  upon  the  contact.  To  reduce  the  influence  of  the  variable 
line  voltage  a  very  high  flux  density  is  used  in  the  magnet  core. 
Notwithstanding  comments  to  the  contrary,  however,  I  consider 
that  switches  of  the  electro-pneumatically  operated  type  are  most 
eminently  suited  for  locomotive  equipments,  particularly  where 
heavy  currents  are  involved.  The  exceedingly  strong  springs  used 
in  opening  the  switches  serve  to  eliminate  entirely  the  [jossibility  of 
freezing  together  of  the  contacts." 

"You  will  find  that  on  all  equi])ments  of  European  design," 
he  continued,  "the  high-tension  control  apparatus  is  concen- 
trated in  a  fool-proof  compartment ;  that  is,  one  which  cannot  be 
opened  unless  all  connections  to  the  live  line  are  broken.  Trans- 
formers of  the  oil  insulated,  core  type  have  thus  far  invariably 
been  used  on  locomotives  as  well  as  cars.  The  shell  type  trans- 
former, which  is  the  only  ty])e  feasible  for  air  blast,  and  which 
you  have  enq^loyed  with  such  general  success  in  this  country,  has 
not  been  used  as  yet  in   (lerniany." 

"What  is  the  most  marked  practice  abroad  as  regards  the 
design  of  current  collectors?"  ]   asked. 

"While  the  wheel  trolle\-  secmingl\-  has  ct)nquered  the  entire 
field  of  street  car  oj^eration  in  this  country,"  he  replied,  "the  bow 
trolley  is  employed  most  commonly  in  Germany.  Attempts  have 
seldom  been  made  to  use  the  wdieel  trolley  for  speeds  above  forty 
kilometers  (twenty-five  miles)  per  liour,  and  T  have  been  greatly 
surprised  to  find  various  roads  in  tliis  country  operating  satis- 
factorily with  wheel  trolleys  at  speeds  considerably  higher  than 
this.  In  any  event,  I  am  certain  that  the  wheel  trolley  is  out  of 
the  question  where  a  headway  of  less  than  two  hundred  seconds 
has  to  be  maintained,  for  the  efl:'ect  of  interruptions  is  accumulative 
and  thus  the  continuity  of  service  of  an  entire  system  may  become  in- 
volved in  the  seemingly  minor  misha])  of  a  trolley  leaving  the  wire. 

"Aluminum  is  used  to  a  great  extent  for  bt)w  trolleys.  Their 
life  in  street  car  service  is  from  seven  thousand  to  ninetv-five  hun- 
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(Ircd  miles,  with  speeds  up  to  thirty  kilometers  (ly  miles)  per  hour. 
This  mileage  is  obtaiued  through  good  maintenance,  that  is.  by 
keeping  the  running  surface  of  the  shoes  in  good  condition  with 
wooden   files." 

"\'arious  types  of  pantagraph  and  bow  trolleys  are  used  for 
single-phase  equipments  in  (Germany.  The  most  important  condi- 
tion to  be  satisfied  by  a  good  high-tension  current  collector  is 
that  it  shall  always  be  in  contact  with  the  line  whatever  the  speed. 
To  obtain  this  it  is  necessary  to  keep  the  inertia  of  the  moving 
parts  which  touch  the  trolley  wire  as  small  as  possible.  It  is, 
therefore,  customary  in  Germany  to  use  two  movable  parts,  one 
which  adjusts  itself  according  to  the  average  height  of  the  trolley 
wire  and  another  that  follows  the  small  irregularities  in  the  wire." 

"To  solve  the  problem  of  current  collection  at  high  speeds," 
I  said,  "is  a  comparatively  easy  matter  as  far  as  Europe  is  con- 
cerned. While  in  Germany  the  normal  height  of  the  trolley  wire 
above  the  rail  on  trunk  lines  is.  I  understand,  about  seventeen 
feet,  the  height  varying  from  approximately  seventeen  and  three- 
quarter  down  to  fifteen  and  three-quarter  feet,  the  maximum 
and  minimum  heights  in  this  country  are  approximately  twenty- 
two  and  fifteen  feet  respectively.  "Thus."  I  pointed  out,  "in  Ger- 
many the  maximum  variation  that  has  to  be  met  in  the  design 
of  current  collectors  is  about  two  feet,  while  in  this  country  the 
current  collectors  have  to  operate  within  as  wide  limits  as  six 
to  seven  feet.  A  height  of  twenty-two  feet  above  the  rails  has 
been  required  on  trunk  lines,  due  tti  the  American  custom  of  signal- 
ing freight  trains  from  the  tops  of  the  cars. 

"Well,  under  these  conditions  I  readily  appreciate  the  greater 
difficulty  encountered."  said  my  friend,  "but  even  now  that  I  know 
the  reason,  I  do  not  see  why  it  should  be  necessary  to  hold  to  this 
method.  A  reduction  in  the  height  of  the  trolley  wire  would  not 
only  diminish  the  maximum  variation  but  would  allow  of  lighter, 
less  elaborate  and  therefore  less  costly  overhead  construction." 

"You  may  be  interested  to  know  that  Siemens  used  the  first 
catenary  type  of  line  construction  in  the  year  1888,  on  a  line  be- 
tween Frankfurt  and  Offenbach,"  observed  Herr  Griindlich,  "and 
for  many  years  this  was  the  only  case  of  its  application.  However, 
it  again  made  its  appearance  with  the  introduction  of  the  single- 
phase  motor.  The  catenary  construction  in  Europe  differs  but  lit- 
tle from  the  types  adopted  in  America.  The  principle  upon  which 
the  designs  are  based  is  essentially   the  same,  that  is,  to  improve 
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ciuToiil  collection  l)y  making-  the  trolley  wire  self-ailjustahle  vertical- 
1_\-  in  order  to  meet  the  trolley  .shcje  half  v\  ay,  so  to  speak." 

"An  additional  feature  which  further  improves  the  contact 
between  trolley  wire  and  shoe  and  makes  it  unnecessary  to  ad- 
just the  trolley  wire  with  change  of  temperature  is  the  method 
of  installing  the  wire  in  standard  lengths,  dead-endmg  it  at  one 
end  of  each  section,  and  weighting  it  at  the  other  end  so  as  to 
maintain  constant  tension.  The  sections  are  .so  installed  that,  with 
normal  direction  of  running,  the  pull  of  the  trolleys  will  be  in  the 
same  direction  as  that  of  the  weights.  The  sections  of  wire  are 
manufactured  in  one  piece:  thus  the  unsatisfactory  method  of  .sold- 
ering on  the  line  is  avoided,  and  incidentally  this  method  of  dead- 
ending  serves  as  a  section  break  as  well.  This  construction  has 
been  successful  in  the  few  cases  in  which  it  has  been  used." 

"Are  the  high-tension  current  collectors  raised  against  the 
trolley  wire  by  means  of  tensi<Mi  or  compression  springs  and  low- 
ered by  compressed  air,  as  is  customary  practice  here?"  I  asked. 

'"No,  the  reverse  principle  is  used,  at  least  in  Germany. 
There,"  he  proceeded  to  explain,  "the  high-tension  current  collec- 
tor is  raised  and  held  by  compressed  air.  If  for  some  reason  the 
air  pressure  goes  ofif,  the  current  collector  is  automatically  lowered. 
But,  while  the  air  raises  the  trolley  into  position,  springs  supply 
the  necessary  pressure  against  the  trolley  wire.  A  pressure  of 
seven  pounds  is  generally  used.  Sometimes  a  slightly  greater  pres- 
sure is  employed,  but  eleven  to  twelve  pounds  is  considered  too 
high  on  account  of  the  resultant  heavy  wear.  The  contact  shoe 
itself  is  generally  of  U-shaped  cross-section  and  made  of  aluminum 
or  composition  metal.  Its  weight  is  kept  within  three  and  one- 
half  to  four  pounds.  For  lubrication  graphite  placed  in  the  U  has 
given  good  results.  The  life  of  the  shoes  with  speeds  up  to  about 
seventy-two  kilometers  (forty-five  miles)  per  hour  is  seven  to  nine 
thousand  kilometers  (forty-five  hundred  to  fifty-six  hundred 
miles).  The  maximum  permissible  current  per  shoe  has  been 
found  in  service  to  be  approximately  one  hundred  and  fifty 
amperes.  With  aluminum  shoes  no  sparking  is  permissible  on  ac- 
count of  the  excessive  wear  due  to  pitting.  Therefore,  with  alum- 
inum shoes  two  pantagraphs  are  required.  There  is  a  disadvantage 
in  the  use  of  aluminum  which  is  avoided  by  the  use  of  suitable 
alloys,  namely,  that  it  is  liable  to  melt  through  whenever  a  heavy 
ground  occurs  on  the  locomotive  or  car.  To  distribute  the  wear  on 
the  shoes  the  trolley  wires  are  supported  in  zigzag  lines," 
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"There  is  another  point,"  he  added,  "which  is  worthy  of 
consideration  in  connection  with  city  electric  Hne  construction  and 
to  which  much  attention  has  been  given  abroad,  as  you  doubtless 
have  noticed  in  the  technical  press.  Wooden  poles  are  rarely 
used.  Attractive  designs  of  round  iron  or  lattice  work  poles  are 
common,  and  in  the  larger  cities  a  further  improvement  is  obtained 
by  carrying  the  trolley  lines  and  the  street  lighting  on  the  same 
poles,  in  order  to  eliminate  the  unsightliness  of  a  multitude  of 
poles  such  as  may  be  found  in  many  American  cities  where  this 
matter  is  not  taken  care  of  by  the  lighting  and  railway  companies, 
either  of  their  own  initiative  or  through  action  on  the  part  of  the 
municipal  authorities.  In  Germany,  for  instance,  companies  de- 
siring city  franchises  are  required  to  submit  to  the  authorities  de- 
tailed designs  of  poles  which  they  propose  to  use  on  their  sys- 
tems ;  or,  in  some  cases,  an  approved  design  is  specified." 

"You  have  found  the  question  of  electrification  of  steam  roads 
in  this  country  a  very  live  subject,  Herr  Griindlich,"  I  ventured. 
'T  should  like  to  know  what  you  consider  to  be  the  prevailing  atti- 
tude abroad  toward  electrifications,  both  present  and  prospective. 
For  instance,  which  system  is  most  generally  advocated?" 

"But  these  are  such  broad  questions,"  he  protested.  "Yet  I 
can  say  that  nearly  all  influential  railway  officials  and  prominent 
engineers  have  long  realized  that  eventually  the  electrification  of 
steam  roads  is  bound  to  come.  Germany,  Italy,  Switzerland, 
France,  England  and  Scandinavia  have  made  a  good  start,  and 
most  of  the  countries  interested  recognize  the  absolute  necessity  of 
standardization  to  some  one  universal  system,  if  electrification  on 
a  large  scale  shall  be  possible  and  economical.  Greater  economy 
of  operation  will  of  course  be  possible  through  electrification, 
particularly  in  those  countries  where  the  cost  of  coal  is  high  and 
extensive  sources  of  water  power  are  available.  But  for  those 
countries  which  are  less  fortunate  in  regard  to  water  power  re- 
sources many  advantages  remain  to  be  realized,  such  as  the  im- 
proved facilities  for  handling  increased  traffic.  This  is  illustrated 
in  Germany,  where,  although  water  power  does  not  abound,  coal  is 
fairly  cheap,  and  the  traffic  conditions  are  such  as  to  render  maxi- 
mum efficiency  of  operation  a  matter  of  necessity." 

"In  questions  involving  radical  changes  in  present  conditions, 
whatever  the  character,  Europe  manifests  considerably  greater  in- 
ertia than  America,"  observed  Herr  Griindlich.  "One  should  always 
remember    that    in    Germanv,    for    instance,    the   natural    resources 
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ami  the  i;ro\vth  of  the  popuhition  are  fairly  well  kiK)\vn.  This 
in  itself  leads  towarrl  economy  in  expenditure  of  money  and  the 
protection  of  human  lives.  Hence,  the  general  adoption  of  changes 
of  far-reaching  scope  may  not  be  deemed  justified  after  the  ques- 
tions have  been  studied  in  detail,  in  the  experimental  stage.  This 
policy  serves  to  forestall  expensive  and  sometimes  even  extrava- 
gant service  tests." 

"Note,  as  a  specific  case,  that  it  is  more  than  seven  years  ago 
that  the  high  speed  tests  with  large  three-phase  cars  were  made 
on  the  Berlin-Zossen  line.  The  results  were  satisfactory  and  speeds 
were  attained  which  never  had  been  reached  before.  The  technical 
press  predicted  that  the  day  of  large  electrifications  had  begun. 
r>ut  it  did  not  develop  thus.  While  the  elaborate  tests  on  the 
Berlin-Zossen  line  were  conducted  by  the  government  for  the 
])urpose  of  carefully  studying  the  merits  of  the  three-phase  motor, 
current  collection  at  high  speeds,  efifect  of  train  resistance,  cost 
of  operation,  beside  the  study  of  car  design,  roadbed  construction, 
etc.,  one  of  the  most  salient  factors  of  the  investigation  was  the 
question — 'What  speeds  can  be  obtained  with  the  greatest  possible 
safety  to  the  traveling  public?'  And  in  the  meantime,  investigations 
have  continued." 

"During  which  time,"  said  I,  in  defense  of  American  methods 
and  enterprise,  "there  have  been  many  foreign  engineers  in  this 
country,  sent  here  by  government  and  private  interests  to  study  the 
numerous  engineering  projects  that  we  have  put  in  actual  opera- 
tion (luring  this  same  interval  of  time." 

"iUit,  in  the  eye  of  the  luu'opean  engineer.  America  is  the 
land  of  unlimited  resources,"  he  replied,  "and  could  afl:'ord  to 
undertake  its  |)reliminary  work  in  the  commercial  development  of 
electric  roads  on  a  much  larger  scale,  and  Tuu-o]ie  has  materially 
benefited  by  the  experience  gained.  It  is  significant,  in  view  of 
these  facts,  he  continued,  "that,  at  the  present  time  northern  con- 
tinental Europe  looks  upon  the  single-phase  system  as  the  most 
satisfactory  solution  for  trunk  line  electrification." 

"Train  for  Philadelphia,  Washington,  New  York  and  points 
East,"  interrupted  the  monotonous  voice  of  the  train  caller. 

"Well,  Herr  Griindlich,  I  am  glad  that  you  can  take  with  you 
a  good  impression  of  American  transportation  facilities.  Ev^ery- 
body  has  to  admit  that  the  American  knows  how  to  get  there." 

"\^es,"  retorted  my  friend  jokingly,  "if  everything  goes  'O.  K.' 
as  vou  sav  in  America." 


SOME  PERTINENT  FEATURES  RELATING  TO  GAS 
POWER* 

EDWIN  D.  DREYFUS 

DURING  the  fifteen  years  of  eommereial  use  of  the  gas  en- 
gine in  tliis  country,  abundant  experience  has  been  fur- 
nished from  which  may  be  deduced  two  features  of  im- 
portance : — • 

I — The  distinct  fields  of  usefuhiess  of  gas  engines  may  be  de- 
termined definitely  under  any  conditions,  and,  in  general,  are  very 
well  defined.  Contrary  to  the  frequent  implication  that  gas  is  a 
direct  competitor  of  steam  power  or  other  source  of  energy  sup- 
\)\y,  there  are  unmistakaljle  regions  where  a  gas  plant  is  unquali- 
fiedly su])erior :  and,  on  the  other  hand,  there  are  places  where  it 
would  be  a  positive  economic  disadvantage.  Evidently  there  exists 
a  line  of  division  or  equality  but  occasionally  encountered,  where 
the  decision  rests  upon  ]M-obable  changes  in  industrial  or  o])erating 
conditions. 

2 — Gas  power  machinery  is  less  responsive  to  the  ingenious 
fancy  of  the  designer  than  the  other  well-known  type  of  station 
equipment.  Not  that  it  is  less  reliable,  as  automobile  work  evinces, 
but  the  prerequisite  characteristics  of  satisfactory  operation  and 
continuity  of  service  may  be  satisfied  only  by  a  simple  and  effective 
design,  from  which  but  small  deviation  is  feasible. 

The  disregard  of  these  factors  more  than  any  other  cause  has 
been  harmful  to  the  gas  engine  art  in  prejudicing  again.st  its  use, 
where  otherwise  is  would  have  proven  a  judicious  selection.  Not- 
withstanding this,  the  industry  has  materially  prospered,  and,  owing 
to  its  inherent  high  efficiency  in  the  conversion  of  latent  thermal 
energy  into  useful  mechanical  i)()wer.  it  will  increasingi}-  continue 
to  hold  the  attention  of  the  engineering  profession  and  commercial 
world  as  well. 

The  obtainable  gases  for  engine  operation  are  given  below  and 
their   approximate    constituents    and    calorific    values    are   given    in 

I — Natural  Gas — Existing  principally  in  western  Pennsylvania, 
western  New  York.  West  A'irginia,  Ohio,  Kentucky,  Kansas  and 
Louisiana  districts.  It  is  virtually  a  gas  having  ideal  quality,  pos- 
sessing high  heat  value,  free  from  suspended  impurities  and  absence 

*Extract.s  from  a  paper  read  I)cforc  the  rittsliui-!.ih  Railway  Clul). 
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of  any  great  percentage  of   highly   inflammable   constitnents    (hy- 
drogen chiefly). 

2 — By-Product  Gas — Obtaining  mainly  in  the  metallurgical  and 
mining  industries,  as  blast  furnace  and  coke  oven  gas,  and  in  oil 
refineries  as  distillate.  Both  so-'termed  metallurgical  gases  are,  in 
their  crude  form,  accompanied  by  objectionable  impurities — entrain- 
ed ore  dust  in  the  former,  and  oily  vapors,  lampblack  and  sulphur- 
ous compounds  in  the  latter,  whuch  must  be  removed  to  a  reasona- 
ble degree  by  cleaning  and  scrubbing  apparatus  before  delivery  to 

the  engine. 

3 — Artificial  Gas — 
As  several  different 
fuels  and  processes 
are  employed  in  the 
manufacture  of  com- 
bustible gases,  there 
is  consequently  a  va- 
riety of  kinds  used  in 
gas  engines,  such 
as, — 

a — Illuminating,  or 
coal  gas,  produced  in 
benches  or  retorts  by 
destructive  distilla- 
tion, is  available  in 
practically  all  large 
cities.  It  is  of  high 
heat  value,  and,  of 
necessity,  a  fairly 
clean  gas.  There  is 
a  high  percentage 
of  hydrogen  present 
which  compels  the  use  of  comparatively  low  compression  to  prevent 
pre-ignition.  Owing  to  the  enrichment  essential  for  illuminating 
purposes,  with  the  added  expense  of  distribution,  the  cost  of  this 
gas  to  the  consumer  ordinarily  confines  its  use  for  power  purposes 
to  very  special  cases. 

/?— City  gas,  either  made  from  the  jjartial  oxidation  of  coal  and 
carburetted,  or  from  crude  oil,  possesses  the  same  limitations  as 
far  as  the  gas  engine  is  concerned.     Blue  water  of  somewhat  lower 
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heat  value  and  cost,  is  also  less  satisfactory  and  economical  than 
the  familiar  producer  gas  power. 

Producer  Gas — a — The  producer  gas  from  both  anthracite 
and  bituminous  grades  of  coal  presents  the  logical  solution  for  the 
use  of  the  gas  engine  in  the  absence  of  by-product  or  natural  gas 
at  consistently  low  prices. 

h — Oil  gas  producers  for  power  purposes,  have  not  yet  attain- 
ed a  sufficient  degree  of  development  to  warrant  extended  use.  But 
where  crude  oil  is  the  predominating  fuel  supply,  some  installations 
have  been  made  with  fair  success. 

Oil  and  Gasoline — Only  with  the  unrefined  mineral  oils  is  the 

internal  combustion 
engine  able  to  show 
true  economy.  Due 
to  o])erating  and  con- 
structive difficidties 
in  the  larger  sizes. 
the  best  possibility  of 
the  oil  engine  has  not 
yet  been  realized  in 
actual  practice  in  this 
c  nuitry. 

EFFICIENCIES 

The    foremost    char- 
acteristic   of    the    ga?. 
ATEs  OF  HE.\T  CONSUMPTION  PER  euginc   lics   iu   its   uni- 

KILOW.\TT    OUTPUT  .  '. 

Steam  turbi„e-i75  lbs.  pressure,  100  degrees  ^^^^^^  '"^'^  thermal 
superheat,  28  in.  vacuum.  Gas  engine — total  efficiency  over  all 
^'^""^  ^^^^1"^^-  ranges   of   size.      Such 

small  variations  as  may  be  found  are  trifling.  This  virtue  does  not 
apply  to  steam  units,  either  reciprocating  engines  or  turbines,  and 
hence,  the  greatest  utility  of  the  gas  engine,  barring  by-product  or 
natural  gas  supply,  will  occur  in  the  smaller  operations. 

As  an  illustration.  Fig.  2  shows  conservative  heat  consump- 
tions in  B.t.u.  per  kw-hr.  output  for  turbines  ranging  from  500  to 
10  000  kw.  inclusive,  and  a  typical  gas  engine  curve,  which  repre- 
sents all  sizes.  The  latter  is  expressed  on  the  basis  of  total  heat 
suppkv,  assuming  a  gas  quality  containing  a  high  hydrogen  con- 
tent (lowering  the  effective  value,  say,  eight  percent),,  preferably 
to  place  the  two  types  of  units  on  the  same  plane.  Thus  it  is  evi- 
dent that  as  the  larger  capacities  are  approached,  the  disparity  be- 
tween gas  and  steam  units  steadily  vanishes,  either  plant  at  best  con- 
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sinning  approximately  two  pounds  of  coal  per  kw-hr.  Conversely, 
with  a  decrease  in  size  of  the  plant,  there  is  a  wider  gap  between  the 
two  types  of  equipment.  Thus  the  gas  plant  will  continue  to  develop 
a  kilowatt-hour  on  two  pounds  of  coal,  while  the  steam  station  may 
use  eiglit  to  twelve  pounds. 

ECONOMIC   VALUE 

The  impression  that  gas  power  invariably  impHes  a  loiwer  cost 
of  generation  is  being  dispelled  through  the  critical  analysis  of  the 
elements   of   power   cost.      Fuel   is   manifestly   only   a    fraction   of 

the  entire  expense. 
Customarily  a  divi- 
sion is  made  be- 
tween ((/ )  capita! 
charges,  embodying 
interest,  deprecia- 
tion, taxes  and  insur- 
ance, occasioned  by 
investment,  and  ( /') 
the  running  cost, 
which  includes,  fuel, 
labor,  oil.  waste, 
water,  supplies  and 
up-keep.  To  exhibit 
the  importance  of 
vu:.  3-coMPAR.\TivE  POWER  COSTS  thc   cost   constitucnts. 

Producer  gas  vs.  steam  turbine  plants  of  two  Fig.  3  is  given,  which 
300  kw  units.  Approximate  investment — Gas.  j^  based  on  i:)lants 
140  per  kw;  steam,  no  per  kw.    Fixed  charges —  \  ^   ' 

Interest,  5  percent;  sinking  fund,  4.5  percent  consisting  of  two 
(annuity);  taxes  and  insurance,  1.5  percent;  to-  ^j-|J^g  ^i^(\  buruiu"' 
tal,  1 1  percent.    Based  on  normal  rating  and  equal  \     1   1  •  1  '^ 

fixed  charges.    (See  paragraph  on  "Maintenance.")    $3.00  coal  delivered. 

The  composite  cost  of  a  gas  plant  laid  down,  exceeds  that  of 
a  high-grade  steam  station  by  approximately  30  percent.  Such  dif- 
ference is  quite  normal  in  view  of  the  character  of  working  m 
the  two  plants.  The  gas  engines  must  be  rugged  to  withstand  com- 
bustion pressures  reaching  450  lbs.  per  sq.  in.  Corresponding  tem- 
peratures may  rise  to  3  000  deg.  F.,  and.  therefore,  effective  cooling 
of  the  exposed  surfaces  must  be  provided.  In  a  turbine,  the  condi- 
tions are  far  more  moderate— pressures  150  to  200  lbs.  per  sq. 
in.  and  temperatures  in  the  neighborhood  of  500  degrees  F. 
Turbines  are  operated  at  such  relatively  high  speeds,  that  very  ef- 
ficient use  is  made  of  the  material  employed. 
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Labor  in  small  gas  and  steam  plants  will  not  diiter  seriously, 
but  the  simple  turbine,  with  its  minimum  of  parts,  places  a  severe 
handicap  on  the  gas  engine  when  high  powers  are  contemplated, 
contributing  another  reason  for  the  barrier  against  the  use  of  large 
gas  engines  for  central  stations  burning  coal  as  fuel.  Having  the 
size  and  cost  of  the  plant,  together  with  the  schedule  of  operating 
labor  and  supplies  arranged,  the  decision  hinges  upon  the  probable 
load  factor  and  also  upon  the  price  of  fuel,  where  it  may  be  sub- 
ject to  variation.  It  is  an  obvious  fact  that  low  load  factors  work 
against  the  use  of  expensive  installations,  notwithstanding  their 
superior  efficiency. 

Fortunately  for  the  gas  jilant,  the  embarrassment  of  low  load 
factor  conditions  ma\-  ])e  ])artially  overcome  by  the  use  of  a  simple 
low  pressure  'turbine  in  c<jnj unction  with  a  heat  storage  system  sup- 
plied by  the  waste  heat  of  the  engine  and  oi)erate(l  to  sustain  the 
peak  of  the  load. 

I'ower  generation  has  mainl\-  been  reckoned  with  as  applying 
to  central  distribution.  lUit  in  the  machine  shop,  factory  and  re- 
lated industries,  the  ])ower  house  is  surrounded  by  another  demand: 
viz.,  heat  supply,  especially  above  latitude  37  degrees.  The  heating 
requirement  has  very  often  been  improperly  allowed  to  discount  the 
intrinsic  value  of  the  gas  plant  for  the  reason  that  the  waste  heat 
energy  is  not  concentrated  in  the  same  convenient  vehicle  for  trans- 
mission to  the  point  of  consumption,  as  is  the  case  with  the  non- 
condensing  engine  or  turbine. 

More  recently  gas  engine  exhaust  heaters  have  been  devised, 
which  render  available  in  the  form  of  steam  70  percent  of  the  heat 
of  the  exhaust.  While  this  quantity  represents  only  two  pounds 
of  steam  per  brake  horse-power  developed,  it  will  evidently  prove 
sufficient  where  the  ratio  of  power  to  steam  demand  is  low.  Where 
the  "poi^'cv  sicaui  factor,"  i.  e.,  the  ratio  of  the  pounds  of  steam  re- 
quired to  the  ])rakc  h(U-sc-])()wer  demand  is  known,  an  adequate 
choice  of  prime  mover  may  be  made,  as  is  illustrated  by  Table  I. 

TABLE  I. 

FOUNDS    OF    STEAM     PER    BR.\KE     HORSE-PUWER. 

Simple   Automatic  Engine    40 

Small    Steam    Turbine     30 

Single  Cylinder   Corliss   Engine    28 

Corliss    Non-condensing    Compound    Engine     22 

Automatic  Bleeder  Turbine 20 

Complete  Expansion  Turbine  (Bleeding  259^  from  Receiver)  6 
Gas  Engine    (Waste  heat — jacket  and  exhaust — used   in   hot 

water    system)      5 

Gas  Engine  only,  exhaust  applied  to  steaming  2 
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Since  the  maximum  heating  demanded  in  industrial  work  oc- 
curs during  only  the  minor  part  of  the  year,  supplementary  heat- 
ing apparatus  may  well  be  provided  to  ensure  the  highest  degree 
of  economy  the  remainder  of  the  time. 

Natural  gas,  though  an  excellent  fuel  for  the  gas  engine,  may 
only  be  regarded  as  available  where  the  cost  does  not  exceed  an 
equivalent  power  value  generated  in  a  producer  for  a  fixed  coal 
price   (delivered). 

[The  author  also  presented  curves  giving  evaluation  of  natural  gas  on 
the  basis  of  producer  gas  manufactured  from  coal  at  various  prices.] 


]\Iore  is  undoubtedly  known  of  the  principles  and  cycles  of 
operation  employed  in  the  gas  engine  than  of  the  working  problems 
involved.  Quite  distinct  from  the  steam  engine  or  turbine,  the 
power  charge  enters  the  cylinder  as  latent  energy  void  of  any  static 
or  dynamic  force.  It  must  be  compressed  a  number  of  atmospheres 
before  it  can  be  burned  efficientl}'.  Then  combustion  takes  place, 
producing  a  power  stroke,  followed  by  a  stroke  discharging  the 
spent  gases  from  the  cylinder.  One  complete  revolution  is  thus  de- 
voted to  the  preparation  of  the  power  stroke,  and  consequently,  an 
impulse  is  only  exerted  upon  the  crank  every  second  revolution  in 
a  single-acting  cylinder,  and  one  in  each  revolution  for  a  double- 
acting  cylinder.  This  constitutes  the  four  c}cle  system.  Two 
cycle  engines  are  also  in  commercial  use,  and  they  purpose  to  do 
away  with  the  idle  stroke,  which  is  achieved  by  an  auxiliary  pump, 
serving  a  dual  function  of  scavenging  the  cylinder  of  foul  gases  at 
the  end  of  expansion  and  delivering  a  compressed  charge  of  mix- 
ture preceding  the  successive  stroke.  In  this  arrangement, 
two  power  strokes  per  revolution  are  attained.  However,  the  prac- 
tical application  is  attended  with  operating  difficulties :  viz.,  loss  of 
unburned  fuel  in  scavenging,  low  mechanical  efficiency  (introduced 
by  auxiliary  pumps)  and  frequent  renewals  and  replacement  of 
parts.  The  four  cycle  engine  is,  therefore,  today  the  universal  type 
of  gas  motor. 

Vertical  and  Horizo}ital  Frames — In  smaller  sizes  the  problem 
resolves  itself,  in  a  sense,  into  a  matter  of  individual  preference. 
But  this  is  not  strictly  true.  Small  units  are  preferably  made 
single-acting  to  avoid  the  wear  and  deterioration  of  the  piston  rod 
and  gland  packing,  subject  to  the  action  of  the  gases.     Minimum 
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wear  on  cylinder  and  simplicity  of  cylinder  and  piston  are  evident 
in  the  vertical  type,  such  as  shown  in  Fig.  4. 

In  the  larger  sizes,  the  vertical  cylinder  would  become  cumber- 
some and  less  accessible,  leading  to  expansion  and  vibrating  troubles. 
The  horizontal  type  has  become  common  practice  in  large  powers, 
with  "floating"  water-cooled  pistons  suspended  on  the  main,  inter- 
mediate and  rear  cross-heads  (See  Fig.  5).     Excepting  some  types 

of  small  engines,  all 
horizontals  have  tan- 
dem cylinders,  pro- 
viding two  impulses 
every   revolution. 

Structural  Details — 
The  fact  has  alreadx- 
been  noted  that  high 
pressures  and  temper- 
atures are  encounter- 
ed in  the  gas  engine. 
A  construction  is  de- 
manded that  intro- 
duces no  abnormal 
casting  temi)eratures 
or  working  strains. 
])articularly  in  the  cv- 
linders.  heads  and  pis- 
tons. Outside  of  the 
cylinders  and  valve 
gear,  the  various  parts 
resemble  steam  en- 
FiG.  4 — SECTIONAL  VIEW  OF  A  TYPICAL  g^ic    practicc.    but    are 

VERTICAL  ENGINE  £3,.     heavier,     due     to 

tlie  greater  magnitude  of  the  impulses. 

XoTE. — The  author  devoted  considerable  attention  to  details  of  CDnstruc- 
tion  and  gave  extracts  from  an  article  by  Herr  R.  Drawe  in  the  Iron  and  Steel 
Journal  (Berlin,  Germany)  for  February,  1910,  bringing  out  the  disadvan- 
tages of  both  the  one-piece  and  the  four-pice  cylinder  constructions,  and  pre- 
seenting  certain  designs  of  pistons  which  have  failed  in  practice.  Owing  to 
space  limitations,  this  part  of  the  paper  has  been  omitted. 

REGULATION 

Oi  the  three  methods,  ''hit-and-miss,"  "constant  rpiality  and 
variable  quantity"  and  "variable  quality  and  constant  compression," 
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which  have  been  used  commercially,  the  second  principle  only  has 
satisfied  the  vigorous  demands  of  heavy  service.  A  large  number 
of  engines  have  been  equipped  with  quality  governing,  but  this  ar- 
rangement is  giving  place  to  the  more  stable  and  simple  quantity 
regulation.  Again,  to  ensure  the  requisite  degree  of  cyclical  regu- 
larity, the  mixture  must  be  controlled  directly  adjacent  to  or  above 
the  combustion  chamber,  as  shown  in  Fig.  5,  to  avoid  any  storing  of 
mixture  between  the  governor  admission  and  the  main  inlet  valve. 


:..     5 — SIXTIONAL    VIEW,     JMODEKN     HORIZONTAL    GAS     ENGINE    CYLINDER 
AND    VALVE    MECHANISM 


The  reasons  are  obvious,  that  the  lag  before  the  governor  could 
respond  to  the  load  would  not  be  tolerated  in  important  service, 
and,  moreover,  back-firing  troubles  may  be  seriously  augmented. 

The  modern  valve  gear,  Fig.  5,  under  test  on  60-cycle  work, 
solid  coupled  engines,  operating  in  parallel  at  the  Union  Switch 
&  Signal  Company,*  maintained  a  mean  angular  deviation,  with 
full-load  thrown   on   and   ofl:',  of    1.95   electrical   degrees.      Fig.    6 


*See  description  of  Ibis  ins 


lion   in  The  Journal   for  February,   1909, 
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shows  the  characteristic  load  supplied  by  a 


brake  horse-power 


gas  engine  at  the  Perth  Amboy  plant  of  the  Standard  Underground 
Cable  Company,  exhibiting  the  sensitiveness  of  the  governing  sys- 
tem to  the  sudden  and  repeated  changes  in  demand,  and  simulta- 
neously providing  good  voltage  regulation. 

THE    PROnUCER 

In  view  of  the  limited  space  admissible,  this  important  phase 
of  the-gas  power  may  only  be  broadly,  summarized.  The  foremost 
considerations  resolve  themselves  into  : — i — Suction  and  pressure 
types.  2 — Dry  or  water-sealed  bottom.  3 — Jn  gasifying  bitumin- 
ous fuels,  the  methods  of  fixation  into  a  permanent  gas  or  eft'ec- 
tive  removal  of  the  heavy  hydrocarbons  and  oily  compounds. 

\\'hen  the  operati(Mi  of  the  pressure   producer  i)lant.   with  its 


"^-"""^^^^^T 


(1 — (  TIAKA'TERISTIC    LOAD    OX     75O    F.UAKE     HORSE-POWKR    CAS    ENGINE 

Standard    Underground    Cable   Co.,    Perth    .\mboy   plant. 


disagreeable  surrounding  atmosphere,  is  understood,  the  extended 
use  of  the  suction  typ,e  is  explained.  Moreover,  better  control  and 
more  even  oxidation  is  secured  throughout  the  fuel  bed.  Continuity 
of  operation  is  liest  obtained  in  the  use  of  water-sealed  ash  pits, 
where  ash  and  clinker  may  be  withdrawn  from  the  producer  with 
least  interference  with  the  fire  or  reaction  zones.  For  the  average 
power  plant,  gasifying  a  highly  volatile  bituminous  coal,  a  design 
'is  demanded  which  will,  without  intermittent  operation  of  the 
making  of  burdensome  tarry  by-products,  deliver  a  good  quality  of 
clean  gas  to  the  engines. 

MAINTENANCE 

Present  statistics,  which  may  be  taken  as  reliable  in  the  data 
available,  fairlv  indicate  that  the  maintenance  and  repair  expenses 
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of  well-designed  gas  jjuwer  plants  of  moderate  size  sliuuld  be  alxjut 
on  a  parity  with  those  of  high-grade  steam  turbine  stations. 
That  this  assertion  is  reasonable  is  evident  from  the  fact  that  the 
greater  cost  of  cleaning  and  readjustment  of  boiler  and  condenser 


FIG.     7 — COKE    OVEN     G.A.S    POWER    PL.-\NT 

Cornwall  Ore  Banks  Company,  Lebanon,  Pa.     Three  750  kw  unit; 


tubes  above  the  negligible  up-keep  of  the  producer,  largely  counter- 
acts the  increased  cost  of  "conditioning"  the  gas  engine  above  that 
of  the  turbine.  Hence  fixed  charges  were  arbitrarily  assumed 
equal   in   Fig.   3. 

The  real  difference  in  obsolescence  or  supercession  in  the  art 
in  either  type  of  plant  is  more  or  less  intangible  at  present,  and  con- 
sequently in  order  to  avoid  complication,  no  distinction  has  been 
made. 

Table  II  is  given  as  an  example  of  the  operating  efficiency  of  a 
550  brake  horse-power  producer  gas  plant,  including  all  items  of 
expense. 
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TABLl-:    11. 

DATA  ON  550  BRAKE  HP  GAS  PLANT.  MONTHLY  RECORD  OF  OPERATING  COSTS, 
DECEMBER  I9O9.  UNIT  LOAD  FAfTOR  80.3  PER  CENT.'  INVESTMENT  LOADING 
FACTOR,     67     PER     CENT. 


CENTS    PER    KW-HR. 


Items 


Fuel 

Operating   Labor    

Repairs     ]  ^abor      

*  (  iMaterial    

Water     

Oil    and    Waste    

Au.xiliary    Power    

Fixed  expense  at  is'^/o  on  investment 


T(,lal 


PRODUCER 

ENGINE 

ROOM 

ROOM 

0.202 

0.120 

0.036 

0.008 

0.050 

0.000 

0.002 

0.030 

0.024 

O.OIO 

0.050 

0.127 

0.254 

0.537 

0.370 

Here  \vc  have  a  cost  of  current  of  less  than  one  cent  per  k\v-hr., 
wliich  is  reall\-  a  reniarkalile  attainment,  considering  the  size  of  thj 
])hint  and  tlie  unusual  liNed  charges  ini])used  (excluding  niaiuten- 
ance ) . 

IXST.\LL.\TIO.\S 

Gas  power  in  this  country  today  is  estimated  to  represent  an 
aggregate  capacity  of  over  jj^  484  horse-power,  involving  the  fol- 
lowing ty{)es  in  the  order  of  their  a])proximate  im])i>rtance'' ': — 

I'.last   furnace   gas 31    percent 

Xatural  gas 43 

Producer  gas    22  " 

1  lluminating  gas    3         " 

Coke  oven  gas  i  '" 

Distillate,   oil   and   gasolinet o.i       " 


*Estimated  from  N.  E.  L.  A.  Gas  Engine  Connnittee  report,  1910.     Ma- 
chines 50  hp.  and  above  only. 


jThis  record  only  partial. 


ASBESTOS 

ITS  PRODUCTION  AND  USE 

H.  R.  EDGECOMB 

TAKE  a  certain  kind  of  glass,  soften  it  by  heat,  draw  it  out 
into  fine,  flexible  thread,  weave  it  with  care  into  a  fabric  in- 
corruptible as  to  decay  and  the  action  of  most  acids,  but 
not  as  to  heat,  and  you  have  approached  the  limit  of  man's  effort 
to  produce  a  mineral  fibre.  Nature  makes  a  shrinkage  crack  in  a 
mud-like  stone,  fills  it  with  water,  dissolves  a  little  of  the  mud  in 
the  water  and  crystallizes  the  whole  crack  full  of  threads  which 
are  much  finer,  more  flexible,  and  stronger  than  the  glass  fiber,  and 
in  addition  thereto  capable  of  withstanding  a  temperature  of  2  000 
to  3  000  degrees  F.  Remembering  that  the  water  combined  in 
these  fibers  runs  as  high  as  14  percent  of  the  whole  weight,  one  is 
forced  to  the  conclusion  that  some  of  nature's  processes  are  "past 
finding  out". 

The  Greeks  named  this  fiber  "asbestos"  (unquenchable,  uncom- 
sumable)  ;  the  Romans  made  cremation  robes  of  it,  and  Charleniange 
astounded  his  gaping  courtiers  by  casting  his  well  soiled  table  cloth 
into  the  fire  and  withdrawing  it,  clean  and  white  for  another  feast. 
Nor  has  it  been  many  years  since  an  otherwise  respectable  and  in- 
dustrious lumberman  was  accused  of  witchcraft  and  run  out  of  a 
camp  in  the  Canadian  woods  because  he  persisted  in  washing  his 
socks  in  the  stove  instead  of  bv  more  conventional  methods. 


The  origin  and  the  conditions  contributing  to  the  formation  of 
asbestos  are,  like  most  geological  happenings,  very  complex,  and 
while  the  particular  formation  to  be  described  illustrates  in  a  gen- 
eral way  most  of  the  deposits,  it  must  be  remembered  that  details 
will  vary  and  also  that  there  are  differences  of  opinion,  even  among 
geologists. 

Because  of  its  shrinknig  nature,  the  crust  of  Mother  Earth 
has  become  wrinkled  and  cracked  until  the  superimposed  strata  of 
water-deposited  rock  are  folded  and  broken,  worn  and  torn,  and 
the  rents  and  wrinkles  filled  by  molten  rock  from  within.  In  the 
vicinity  of  Thetford,  Province  of  Quebec,  one  of  these  intrusions 
of  igneous  rock  occurs.  It  is,  more  correctly,  a  series  of  rocks,  in- 
cluding peridotite,  pyroxenite,  gabbro,  diabase,  and  others.  The 
peridotite  when  altered  by  hydrating  is  called  serpentine.     During 
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the  cooling  of  this  peridotite  it  is  supposed  that  cracks  were  form- 
ed and  that  the  hydrating  process  which  caused  the  rock  to  take 
water  into  its  structure  widened  these  fissures.  During  the  hy- 
drating action  the  water  carrying  some  of  the  serpentine  in  sohi- 
tion  collected  in  these  cracks,  and  eventually  the  dissolved  mineral 
formed  thread-like  crystals,  usually  building  up  from  opposite  walls 
of  the  crack  and  meeting  or  forcing  ]jast  each  other  at  the  center. 
The  cracks  are  generally  straight,  hut  do  not  occur  in  parallel  planes, 
thev  are   found  crossing  each  other  and   running  in  all  directions. 


VARIKTIES 


Broadly,  asbestos  may  be  classified  as  amphijjole  and  chrys- 
otile,  the  foregoing  description  applying  to  the  latter  variety.  The 
amphibole,  or  hornblende   asbestos,    does   not   have   the   fineness  of 

TABLE  I —TYPICAL  ANALYSES  OF  ROCK  AND  FIBER 


Italian 

r'anadian 

Chemical 

Serixnitine 

Clii-ysotilc 

Chrvsotile 

Aini)liil)()le 

(,'onstitiiouts 
Silica 

Uock 

Fiber 

Fiber 

Filler 
61.82 

40.34 

40.30 

4..<;o 

Matiiiosia 

43.3-' 

43-37 

4^-50 

-'3.98 

Alumina 

1 .3-' 

2.27 

o.8(; 

1. 12 

Ferrous  Oxide 

1.23 

0.87 

0.69 

''.5.^ 

Lime 

I -''3 

Water 

14.17 

13-7- 

14.05 

S-iS 

fiber,  the  tensile  strength,  the  elasticity,  or  the  tiexibility  of  the 
chrysotile.  although  it  has  approximately  the  same  heat-resisting 
qualities.  The  amphibole  dilfers  from  the  chrysotile  chemically  in 
having  lime  combined  with  its  magnesia,  and  while  the  chrysotile. 
a  silicate  of  magnesia,  is  alwa}s  hydrated,  the  amphibole  is  fre- 
quently anhydrous. 

Referring  to  Table  I,  it  will  be  noted  that  the  chemical  make- 
up of  chrysotile  is  practically  identical  with  that  of  the  serpentine 
rock  from  which  it  is  formed. 

There  can  be  little  doubt  that  there  is  a  definite  relation  be- 
tween the  softness  of  the  fiber  and  the  quantity  of  water  contained 
therein  ;  14.38  percent  of  water  has  been  found  in  very  silky  fiber, 
while  a  harsh,  brittle  sample  showed  only  11. 7  percent.  This  will 
explain  the  extreme  brittleness  of  the  amphibole  fiber,  one  sample 
of  which,  as  indicated  in  the  table,  contained  5.45  percent  of  water. 
The  effect  of  high  temperatures  on  very  soft  fiber  also  demonstrates 
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this  fact.  When  part  of  the  combined  water  has  been  driven  off 
by  excessive  heat,  the  fiber  loses  its  flexibility  and  becomes  harsh 
and  brittle,  and  the  variations  in  strength  and  silkiness  in  various 
deposits  of  the  mineral  are  best  explained  by  assuming  that  the 
water  content  was  originally  nearly  the  same  in  all  cases,  and  that 
the  movement  of  associated  rocks  or  the  injection  of  molten  rock 
have  furnished  sufficient  heat  to  drive  off  part  of  the  water. 

Chrysotile,  as  indicated  above,  is  best  adapted  to  commercial 
uses,  and,  being  more  important,  will  form  the  subject  of  most  of 
what  follows. 

PHYSICAL    CHARACTERISTICS 

Physically,  asbestos  has  some  very  fascinating  characteristics. 
In  the  absence  of  reliable  data  as  to  the  diameter  of  its  fiber,  some 
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Owned  by  the  Keasbey  &  Mattison  Company,  Ambler,  Pa. 

microscopic  observations  were  attempted.  At  about  90  diameters 
the  subdivisions  of  the  fibers  appeared  to  be  unlimited.  The  bundles 
broke  up  and  branched  off  into  numberless  finer  collections  of  lines. 
At  900  diameters  magnification,  fibers  appeared  which  were  barely 
discernible  and  which  were  estimated  to  be  five  one-millionths  of 
an  inch  in  diameter.  There  was,  however,  nothing  to  indicate  that 
these  were  not  capable  of  still  further  subdivisions,  and,  as  sug- 
gested by  Mr.  A.  Kingsbury,  who  very  kindly  made  this  examina- 
tion, it  would  not  require  much  elasticity  of  imagination  to  believe 
that  the  ultimate  asbestos  fiber  is  just  one  molecule  in  diameter. 
This  seems  reasonable,  moreover,  as,  in  the  case  of  mica,  the  cleav- 
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age  is  such  that  specimens  have  been  split  to  a  thickness  equal  to 
one-half  wave  length  of  distinctly  violet  light. 

Wool,  cotton,  silk  and  other  fibers  all  have  more  or  less  rough 
surfaces,  and  when  spun  into  a  thread  this  roughness  aids  in  hold- 
ing the  mass  together.  While  its  fibers  are  almost  infinitely  finer 
than  these,  asbestos  has  an  absolutely  smooth,  glossy  surface,  and 
for  a  long  time  this  characteristic  prevented  the  successful  spinning 
of  what  was  otherwise  an  ideal  fiber.  The  overcoming  of  this 
difficulty  has  niade  possible  the  spinning  of  a  fairly  strong  thread 
weighing  approximately  an  ounce  per  hundred  yards  of  length. 

The  color  of  asbestos  varies  greatly  and  a  study  of  reports 
from  all  parts  of  the  world  show  the  following  tints : — Pure  white, 
yellow,  pale  green,  grass  green,  blackish  green,  blue,  gray,  brown, 
salmon,  greenish  blue,  and  lavender  blue.     When  fiberized  the  color 


generally  disappears,  in  most  cases  the  flossy  crystals  appearing  en- 
tirely white. 

As  a  material  of  engineering,  asbestos  is  unique.  Soapstone 
has  great  heat  resisting  qualities  and  is  a  good  electric  insulator, 
but  it  can  only  be  used  where  massiveness  is  permitted.  Mica  also 
withstands  heat  and  provides  excellent  dielectric  resistance.  Its 
l)rittleness  bars  it  from  use  as  an  insulator  in  many  cases.  Asbestos 
is  to  mica  and  soapstone  what  the  line  is  to  the  plane  and  solid, 
and  later  references  to  its  use  will  bring  out  this  fact  more  in  detail. 

GEOGRAPHICAL   DISTRIBUTION 

At  least  75  percent  of  the  world's  supply  of  a.sbestos  is  mined 
in  the  eastern  townships  of  Quebec.  The  asbestos-bearing  serpen- 
tine is  scattered  through  a  relatively  narrow  belt  running  nearly 
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northeast    from   the  boundary  of    \ermont   to   within    about    forty 
miles  south  of  Quebec. 

On  account  of  the  general  distribution  of  serpentine  rock 
throughout  the  wm-ld,  it  is  not  >urprising  that  deposits  of  asbestos 
should  be  discovered  in  widely  distant  localities.  If  the  quality 
were  always  good,  the  available  useful  supply  would  be  nnicli  great- 
er than  it  is.  Unfortunately,  most  of  the  fiber  is  harsli  and  not 
suitable  for  spinning  and  weaving.  The  United  States  has  many  de- 
posits, but  they  are  generally  of  inferior  quality.  The  largest  sup- 
ply of  usable  asbestos  has  come  from  the  Sail  Mountain  district  in 
White    County,    Georgia.      Dalton,    Alass..    Xew    Hartford.    Conn., 


Pinto  Creek  and  Grand  Canon,  Arizona,  Bedford  Countw  \  irginia. 
Polk,  ^Mitchell.  \\'ilkes  and  Yancey  Counties,  North  Carolina, 
Stevens  Point,  Wis.,  Gasper,  Wyoming,  and  Orleans  and  Lamoille 
Counties.  \'ermont,  have  all  produced  more  or  less  of  the  fiber. 
The  deposits  in  Vermont  form  a  part  of  the  great  serpentine  re- 
gion extending  across  the  Province  of  Quebec. 

Newfoundland,  in  the  vicinity  of  Port  au  Port  Bay,  has  large 
and  promising  deposits,  but  is  prevented  by  its  inaccessible  loca- 
tion from  participating  in  the  rapid  development  now  in  progress 
in  the  Canadian  field. 

Italy,  up  to  1877,  produced  practically  all  the  asbestos  used, 
and  its  use  was  made  almost  prohibitive  by  the  high  prices  charged. 
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These  prices  were  high  of  necessity,  hecau^e  oi^  the  difticukies  and 
hardships  of  mining,  and  as  soon  as  the  Canadian  product  was  ex- 
ploited the  Itahan  industry  received  a  decided  set-back;  nor  is  it 
surprising,  because  Canada  has  a  much  greater  percentage  of  good 
fiber,  and  Canadian  asbestos  is  more  easily  spun  or  woven  than  is 
the  Italian  mineral. 

There  are  extensive  deposits  in  the  Cral  Mountains  of  Russia. 
At  Ekaterinburg  a  true  asbestos  of  fine  and  silky  texture  is  found, 
this  fiber  being  valuable  for  spinning  on  account  of  its  tensile 
strength.  The  work  in  these  mines  is  done  by  Russian  peasants, 
who  receive  for  their  labor  from  33  to  38  cents  per  day,  together 
with  free  sleeping  quarters. 

Mongolia,  Siberia.  ITnland,  Queensland,  South  Australia,  Xew 
South  Wales  and  Xew  Zealand  have  deposits  which  have  not  as 
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In  the  main  tunnel  of  the  Bell  A.sbestos  Mines,  owned  by  the  Keasbey 
&   Mattison   Company,   .\mblcr,    Pa. 

yet  been  extensively  worked.  A  lavender-blue  fiber  is  mined  in 
South  .\frica.  which  differs  from  other  varieties,  not  only  in  color 
but  in  it>  specific  gravity,  whicli  is  lower.  This  fiber  has  great 
strength  and  other  good  qualities  and  is  becoming  a  strong  com- 
petitor of  the  Canadian  product. 

PRODUCTIOX 

Tlie  production  of  Russian  asbestos  has  been  pushed  forward 
at  even  a  greater  rate  than  the  African  fiber.  In  1902,  45  tons  were 
shipped  from  the  South  African  mines,  and.  in  1909,  2000  tons 
were  exported,  at  an  estimated  value  of  $135  000.  In  1907  the 
Russian  mines  produced  over  10  000  tons,  as  compared  with  i  000 
tons  in  1900,  and  they  are  rapidly  increasing  their  annual  output. 
Hie  startling  growth  of  shipments  from  these  two  sources  of  sup- 
ply is  furnishing  food  for  thought  on  the  part  of  the  Canadian  pro- 
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ducers,   whose   annual   tleliveries   have  only   ahoul    irchled    in   eight 
years. 

According  to  a  recent  estimate,  the  world's  annual  consumption 
is  not  over  loo  ooo  tons  of  all  grades  of  asbestos.  Since  1877, 
when  the  Canadian  industry  was  founded,  the  Province  of  Quebec 
has  supplied  at  least  75  percent  of  this,  and  asbestos  mining  is 
without  doubt  the  most  important  mineral  industry  in  the  Province. 
Up  to  within  a  very  short  time,  the  mines  have  been  owned  and 
operated  by  a  considerable  number  of  separate  concerns.  Recently 
The  Amalgamated  Asbestos  Corporation,  Limited,  has  drawn  to- 
gether a  large  majority  of  these  concerns,  and  with  a  capitaliza- 
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The    United    Asbestos    Company's    \\'ork>,    Li.)nduii,    J'.ngland. 

(This  and  tlie  following  illustration  are  published  by  courtesy  of  Eu- 
gene llaanel,  Supt.  Mines,  Dept.  of  Interior,  Ottawa,  Canada.) 

tion  of  $25000000,  has  launched  a  trust  which  controls  from  50 
to  70  percent  of  the  world's  supply  of  asbestos.  In  the  opinion  of 
H.  Mortimer-Lamb,"-  this  merger  has  grossly  over-capitalized  a  fine 
industry.  The  rapid  growth  in  foreign  fields  is  cited  as  an  indication 
that  the  Canadian  prodticers  may  not  always  enjoy  their  present 
monopoly. 

The  immediate  result  of  the  merger  has  been  unprecendented 
activity,  and  the  opening  of  new^  mines  and  erection  of  new  plants 
is  going  rapidly  forward.     Some  of  the  larger  mines  are  working 
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twenty-four  hours  per  day.  using  electric  searchlights  for  illumina- 
tion at  night.  An  Asbestos  Bureau  has  been  instituted,  its  object 
being  to  keep  the  public  advised  as  to  new  uses  to  which  asbestos 
may  be  put,  and  to  report  the  development  of  asbest(")s  properties 
the  world  over. 

MIMXG 

Excepting  a  few  underground  workings,  asbestos  is  mined  in 
open  pits.  When  consistent  with  thorough  work,  the  barren  rock 
is  left  standing  and  the  fiber-bearing  rock  removed.  In  many  cases, 
however,  the  useless  rock  is  carried  ofif  to  the  dump  and  the  pit 
left  unobstructed.    While  tunneling  work  can  be  continued  through- 
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The  United  Asbestos  Company  Works,  London,  England. 

out  the  year,  regardless  of  weather,  it  is  not  well  adapted  to  as- 
bestos mining  on  account  of  the  irregularities  of  the  deposits  and 
the  amount  of  waste  made  necessary  in  order  to  have  suitable  pillars 
and  supports.  The  beginning  of  an  asbestos  mine  is  no  small  un- 
dertaking, it  sometimes  being  necessary  to  remove  a  layer  of  soil 
fifteen  to  twenty-five  feet  deep  before  actual  quarrying  can  be 
started.  Jn  some  of  the.se  cases  the  steam  shovel  is  supplanting 
pick  and  shovel,  with  excellent  results  as  to  speed.  It  may  also  be 
suggested  that  an  opportunity  is  ofit'ered  for  the  use  of  electrically- 
operated  shovels  where  electric  power  is  available  or  may  l)e  de- 
veloped. In  the  quarrying  proper  the  serpentine  is  attacked  with 
air  or  steam-driven  machine   drills,   driving  holes   eight  to   fifteen 
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feet  deep,  and  using  about  one-half  pound  of  dynamite  for  each 
foot  of  depth.  Three  cents'  worth  of  explosive  brings  down  about 
one  ton  of  rock.  Electric  batteries  are  used  for  firing  the  shots. 
The  broken  rock  is  next  sorted  and  lifted  from  the  pit  in  boxes 
and  placed  in  cars,  the  barren  rock  going  to  the  dumji  and  the  fiber 
and  "fines'"  to  the  mills  for  further  treatment. 

To  convey  some  idea  of  dimensions,  a  typical  mine  might  be 
referred  to.  This  mine  is  700  feet  long,  200  feet  wide,  and  165 
feet  maximum  depth.  Cable  derricks  are  placed  along  one  side, 
and  the  transport  boxes  of  rock  are  hoisted  and  carried  to  the  side 
of  the  mines  by  these  derricks. 

PREPARATION 

The  dressing  of  asbestos  consists  in  reuKjving  the  adhering 
rock.   L'itlicr  1)\'   IkuhI   C'llihing  the   I-mil;'   IiIkm',  <ir   in:i'-!iMU'   ii-ralment 
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ANU    DOUBLING    AND    COMBING.. 


In  the  mill  uf  the  Keasbey  &  Alattison  Company,  Ambler,  Pa. 

of  the  shorter  stufi:'.  Xo.  i  crude  asbestos  measures  over  three- 
quarters  of  an  inch  in  length,  and  is  worked  up  by  men  using  six 
to  seven-pound  hammers,  by  which  most  of  the  rock  is  removed. 
The  sorting  work  is  usually  done  by  girls,  who  break  up  and  sort 
the  fiber. 

Putting  asbestos  fiber  into  suitable  conditions  for  spinning  is 
by  no  means  an  easy  problem.  To  find  methods  of  separating  each 
fiber  from  its  neighbor  and  from  the  small  pieces  of  rock  has  taxed 
the  ingenuity  of  asbestos  engineers  for  many  years.  A  number  of 
completed  plants  were  failures  because  complete  fiberization  was 
not  accomplished.    Successful  extraction  of  fiber  from  the  ore  dates 
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Ijack  barely  fifteen  )eai"s,  and  now  the  threat  majority  of  Canadian 
asbestos  is  fiberized  at  the  mines. 

As  a  preHminary  step  the  ore  is  heated  sufficiently  to  drive  ofif 
all  water  adhering  to  the  fiber.  When  dry,  the  rock  passes  through 
crushers  which  break  and  grind  the  bundles  of  fibers  until  they 
are  pulled  apart.  These  crushers  are,  essentially,  magnified  coffee 
mills.  Uor  still  finer  separation  the  fiber  passes  between  rolls  giving 
direct  pressure  to  the  bunches  of  fiber  which  at  this  stage  are  rarely 
more  than  three-fpiarters  of  an  inch  in  size.  .Vfter  these  crushing 
operations,  the  fiber  is  luostly  in  the  form  of  small  lumps,  which 
must  ht  further  l)n)kcn  u])  and  ])ut  into  a  fiossy,  feather-like  con- 
flition.  This  is  accom])li>hed  either  by  cylindrical  beaters  or  "cy- 
clones". 'Jlie  beaters  have  rajjidl}-  revolving  arms  with  teeth  at 
their  ends  m;)unted  within  a  cNlinder.  The  rapidly  moving  teeth 
tear  the  fiber  apart  and  the  finished  fioss  is  passed  out  of  the  cyl- 
inder at  an  opening  opposite  its  entrance  point.  The  cyclones  have 
propeller-like  beaters  placed  opposite  each  other  and  revolve  at  2  000 
to  2  500  r.p.m.  The  lumps  of  fibers  are  fed  in  so  as  to  strike  these 
beaters,  and  are  luuded  against  each  other  with  sufficient  force  to  be 
torn  apart  and  lilicrized  almost  immediately.  An  exhaust  fan  draws 
out  the  fibers  and  carries  them  to  a  shaking  screen,  which  takes 
out  the  remaining  lumps.  Suction  fans  carry  the  finished  fiber 
to  collectors  and  settling  chambers.  It  is  sometimes  found  desirable 
to  ]5ass  the  crushed  ore  under  magnets  to  extract  small  particles 
of  iron. 

(;i:xi-:RAr.   u.^ks 

Materials  of  a  fibrous  nature  enter  very  largely  into  the  useful 
arts.  1diis  is  illustrated  by  the  time-honored  use  of  straw  in  brick, 
the  mixing  of  hair  with  mortar,  and  the  manufacture  of  paper, 
rope,  braid  and  cloth.  As  organic  fibers,  generally  used  for  these 
purposes,  nuist  be  kei^t  at  a  safe  distance  from  fire,  it  is  natural 
that  intensive  engineering  should  welcome  asbestos  which  assists  in 
space  economy  and  in  fuel  economy  as  well.  Probably  the  most 
striking  example  of  its  value  is  the  use  of  boiler  and  steam  pipe 
coverings  made  from  asbestos  and  plaster.  A  conservative  estimate 
places  the  fuel  saving  resulting  from  this  protection  at  twenty-five 
percent. 

The  modern  fire  fighter  can  accomplish  very  much  more  than 
was  formerly  possible,  because  of  his  fireproof  ecpiipment.  His 
garments,  boots,  gloves,  helmet,  mask  and  respirator  (all  asbestos), 
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permit  liini  to  remain  in  direct  contact  with  tlie  iianie  for  a  con- 
siderable time.  Asbestos  theater  curtains  have  become  a  necessity, 
and  asbestos  rope  makes  possible  the  saving  of  property  and  often- 
times life  as  well. 

Rubber  sheeting,  strengthened  by  a  web  of  asbestos,  makes 
ideal  steam  packing,  while  for  the  insulation  of  cold  storage  cham- 
bers and  ammonia  pipes,  asbestos  felt,  both  plain  and  corrugated, 
is  used.  For  general  heat  insulation  around  stoves  and  furnaces, 
asbestos  mill  board  is  available.  This  is  made  by  one  manufac- 
turer as  follows : — Asbestos  fiber  is  placed  in  beating  engines,  with 
water,  where  it  is  thoroughly  worked  up  with  a  suitable  binding 
cement,  and  stored  in  tanks,  from  which  it  is  fed  to  the  paper  ma- 
chines. These  machines  have  cylinders  of  fine  wire  gauze,  upon 
which  the  pulp  is  collected,  excess  water  pressing  through  the 
gauze.  The  thin  coating  of  pulp  passes  from  the  gauze  cylinder  on 
to  another  drum,  and  when  a  sufficient  thickness  has  collected  it  is 
cut  across  and  removed.  This  moist  square  of  millboard  is  pressed 
by  hydrauHc  machinery  and  dried. 

Asbestos  enters  into  many  materials  of  architecture.  Fire- 
proof brick,  wall  plaster,  floor  tiling,  shingles,  roofing  felt,  and  so- 
called  fireproof  paints  all  have  asbestos  in  their  composition,  while 
gas  grates  are  faced  with  clear  asbestos  fiber. 

ELECTRICAL   USES 

In  the  field  of  electrical  insulation,  asbestos  gives  the  fire- 
proof fiber  necessary  to  hold  together  certain  other  insulation  ma- 
terials. The  gums,  such  as  asphalt,  rubber,  shellac  and  Bakelite, 
are  moulded  with  asbestos,  and  the  fiber  adds  strength  to  what 
would  otherwise  be  too  brittle  for  practical  use.  Asbestos  wood  or 
lumber  is  being  used  for  switch  bases  and  small  switchboards.  When 
properly  waterproofed  by  impregnation  with  asphalt,  this  material 
is  entirely  suitable  for  these  purposes.  The  unimpregnated  lumber 
has  remarkable  arc-resisting  qualities,  and  gives  excellent  satisfaction 
when  used  in  switch  boxes. 

In  addition  to  its  use  in  moulded  insulating  pieces,  asbestos  is 
used  to  insulate  copper  conductors  in  coils  where  the  temperatures 
are  relatively  high.  Field  coils  for  railway  and  other  motors  have 
their  life  decidedly  increased  in  this  way,  as  a  greater  temperature 
rise  may  be  allowed  than  is  permissible  when  ordinary  cotton  in- 
sulation is  used.  For  this  purpose  round  wire  is  wound  with  as- 
bestos thread  or  tape,  and  the  whole  coated  with  a  heat-proof  ce- 
ment, which  makes  a  fairly  homogeneous  covering.     This  wire  and 
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rtal  ril)l)«iii  similarly  insulated  arc  used  lo  scunc  extent  inv  arma- 
ture windings.  Field  coils  made  innu  edgewise  or  flat  wound 
copper  strap  are  insulated  by  winding  strips  of  asbestos  paper  be- 
tween turns  of  the  bare  conductor. 

The  Fire  Underwriters  require  the  employment  of  asbestos  as 
a  non-inflammable  covering  for  conductor  cords  used  as  leads  for 
electric  heating  apparatus.  Copper  cable  is  loosely  insulated  with 
asbestos  thread  and  one  or  more  strands  thus  protected  are  encased 
in  a  cotton  sleeve.  The  destruction  of  this  outer  sleeve  would  not 
in  any  way  damage  the  insulating  qualities  of  the  asbestos. 

OrjECTIONABLE   FEATURES 

Notwithstanding  the  uses  just  indicated,  it  must  be  said  that 
asbestos  has  very  serious  limitations  as  an  all  round  insulating  ma- 
terial. Asbestos  fiber  is  not  as  strong  mechanically  as  other  fibers 
ordinarily  used  for  insulating  purposes.  It  cannot  be  used  as  an 
outside  covering-  when  it  will  be  subject  to  abrasion.  Mass  for 
mass,  the  insulating  value  of  asbestos  is  relatively  low  compared 
with  the  best  insulating  materials,  such  as  mica  or  varnish-treated 
cloths.  It  is  also  true  that  moulded  insulating  materials  containing 
asbestos  do  not  compare  favorably  in  dielectric  strength  with  those 
which  are  made  without  it.  A  possible  explanation  lies  in  the  fact 
that  the  relative  conductivity  of  asbestos  is  greater  than  'that  of 
other  fibers.  Another  explanation  is  that  a  compound  of  two  ma- 
terials having  a  wider  divergence  in  specific  inductive  capacity  will 
not  be  as  good  an  insulator  as  a  compound  of  two  materials  having 
capacities  more  nearly  coincident.  Asbestos  fiber  is  more  likely  to 
collect  moisture  than  the  other  fibers,  thus  reducing  the  resistance 
of  the  mass  of  which  it  f«_)rms  a  part.  It  is  probable  that  all  three 
of  these  conditions  combine  in  making  asbestos  a  less  valuable  elec- 
trical insulator  than  many  other  materials  used  for  stfch  purposes. 

Notwithstanding  its  limitation  as  an  insulating  material  where 
high  voltages  are  in  question,  asbestos  will  continue  to  be  used  to 
advantage  for  moderate  voltages.  In  the  application  of  asbestos 
to  electrical  work,  as  well  as  in  its  common  application  as  a  heat 
insulator,  great  progress  has  been  made  in  the  last  few  years,  and 
without  doubt  new  needs  will  continue  to  develop  and  the  demand 
for  this  valuable  mineral  will  be  greatly  increased  during  the  next 
few  years. 
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DETERMINING  THE  FORM  OF  A  DIAMOND  COIL 

GRAY  E.  MILLER 

THE  previous  artioles  in  this  series  have  dealt  principally  with 
the  iwiruding  of  coils  of  various  shapes  and  sizes  after  the 
coils  themselves  have  been  formed  or  partly  formed  to  their 
proper  shape.  In  the  present  article  is  given  a  method  of  deter- 
mining the  proper  shape  of  a  common  form  of  armature  coil,  viz., 
a  diamond-shaped  coil.  While  this  description  uses  as  an  ex- 
ample a  coil  for  a  certain  type  of  machine,  the  method  is  general 

and  may  be  applied  to 
smaller  or  larger  coils  of 
certain  characteristics. 

An  exact  mathematical 
derivation  of  the  theoreti- 
cal form  of  coil,  which 
would  allow  all  parts  to  lie 
snugly  together,  is  not  at- 
tempted, as  such  a  solution 
would  be  complicated  and 
would  introduce  difficulties 
in  the  manufacture  of  the 
coil  which  would  outweigh 
any  advantages  which 
might  be  derived. 

To  simplify  the  descrip- 
tion, it  is  assumed  that  the 
electrical  design  of  a  ma- 
chine has  been  completed, 
and  that  the  diameter  of 
the  punchings,  the  size  and 
number  of  slots,  the  size  and  number  of  conductors  in  the  slots  and 
the  throw  of  the  coil  have  all  been  determined.  With  this  as  a 
basis,  a  method  of  designing  the  proper  shape  of  a  diamond  coil 
for  the  stationary  part  of  an  induction  motor  is  given. 

As  a  convenient  example  assume  a  750  horse-power,  three- 
phase,  eight-pole  motor  operating  at  6  300  volts.  At  this  voltage 
the  insulation  space  necessary  is  quite  large,  and  hence  the  allow- 
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ances  to  be  made  for  winding  the  coils  form  an  important  part  of 
the  calculation.  This  'will  serve  to  show  better  the  dififerent  pre- 
cautions to  be  taken  for  the  several  portions  of  the  coils.  The 
bore  (i.  e.,  the  inside  diameter  of  the  stator  punchings )  of  the  ma- 
chine chosen  is  60.156  in.  Half  of  this  is  dimension  A,  Fig.  114. 
There  are  180  slots  each  0.640  by  2.720  in.,  and  the  throw  of  the 


coils  is  I  and  /, 


Each  coil  is  composed  of  eight  turns  of  three 


No.  9,  square  wires  in  parallel ;  that  is  a  conventional  view  of  the 
winding  in  the  slot  shows  two  complete  units  in  each  slot,  each  unit 
being  three  wires  wide  and  eight  deep. 

Since  there  are  180  slots  in  the  motor  and  there  are  two  half 
coils  in  each  slot,  it  is  evident  that  there  are  as  many  coils  as  slots. 
W'e  then   have  to  solve  the  problem  of  properly  disposing  of  the 
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end  connections  of  the  coils,  i.  e.,  the  diamond  parts,  so  that  there 
will  be  no  interference  in  any  way,  and  so  as  not  to  use  any  more 
copper  than  necessary.  This  is  comparatively  simple  when  it  is 
considered  that  the  windings  lie  in  a  surface  which  is  so  slightly 
conical  that  it  may  be  considered  a  cylindrical  surface  within  any 
lin.iits  of  coil  extension  likely  to  occur  in  practice.  When  the  coil 
extension  of  a  one  or  two  coil  per  slot  diamond  winding  is  so  great 
that  too  large  an  error  is  introduced  by  assuming  the  coils  to  lie  on 
the  surface  of  a  cylinder,  the  actual  surface  of  a  cone  must  be 
used,  and  it  is  then  necessary  to  develop  what  is  called  a  "cone" 
winding  similar  to  that  used  very  extensively  in  turbo-generators. 
Reference  to  Fig.  115,  a  conventional  sketch  showing  a  sec- 
tion of  the  winding  parallel  to  the  shaft,  illustrates  what  is  meant 
by  the  above.  If  C  is  small  as  compared  to  D,  it  is  a]:»parent  that 
there  will  be  onlv  a  slight  error  in  assuming  that  the  coils  lie  on 
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the  surface  of  a  cylinder  with  radius  A  -{-  F  (Figs.  114  and  115)  = 
IV.  It  is  apparent  also  that  the  bottom  part  of  the  top  half  of  the 
coil  will  have  a  different  radius  A'.  The  same  is  also  true  of  the 
top  part  of  the  bottom  half  of  the  coil  and  the  bottom  part  of  the 
bottom  half  of  the  coil,  as  shown  by  radii  Y  and  Z  respectively. 
It  is  evident  that  there  is  a  considerable  difference  in  the  diam- 
eters of  the  C}dinders  on  wihidi  the  top  and  bottom  parts  of  the 
windings  are  supposed  to  lie.  For  ordinary  use,  however,  it  is 
sufftciently  accurate  to  assume  one  cylinder.  It  has  been  found 
best  practice  to  use  the   cylinder  whose  radius   is   W,  because,   if 


FIG.     116 DEVELOPED    VIEW     SHOWING    ENDS    OF    THREE    COILS 

an  average  cylinder  is  taken,  the  part  of  the  coil  next  the  air-gap, 
which  has  a  radius  W,  binds  so  much  that  it  is  impossible  to  wind 
the  coils.  It  is,  therefore,  customar}'  to  take  the  cylinder  which  rep- 
resents a  surface  on  wihich  the  part  of  the  coil  nearest  the  center 
of  the  machine  rests  and  design  the  coil  as  though  all  parts  of  the 
coil  rested  on  the  same  cylinder.  This  results  in  making  the  coil 
just  right  for  any  poiint  on  the  cylinder  with  radius  [/'  and  a  little 
larger  than  necessary  for  all  other  parts  of  the  coil.  ;\s  a  rule  the 
extra  copper  required  is  not  objectionable,  ov  at  least  not  so  ob- 
jectionable as  to  justify  the  extra  expense  involved  in  making  the 
determinations  exactly  right  for  every  part  of  the  coil. 
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Assuming,  then,  that  a  coil  is  to  be  determined  as  though  it  lay 
around  a  cylinder  of  radius  IV,  it  is  necessary  to  find  the  smallest 
angle  for  the  end  connections  that  will  prevent  the  coils  from  inter- 
fering with  one  another.  Fig.  116,  representing  a  developed  view 
of  a  few  coils,  will  assist  in  understanding  the  principle  involved. 
The  line  XY  represents  the  end  of  the  iron  'Core  developed.  The 
line  AB  is  a  line  drawn  through  the  corners  of  the  coils  and  is  at  a 
distance  from  A']'  equal  to  the  length  of  the  cell  extension  of  the 
top  part  of  the  coil.  Similarly  the  line  CE  is  at  a  distance  from  XY 
equal  to  the  cell  extension  of  the  bottom  part  of  the  coil.  The 
distance  K,  representing  the  difference  between  these  two  exten- 
sions, is  arbitrarily  chosen  with  due  regard  to  voltage  and  minor 
points  in  the  design.    In  this  case  K  is  0.5  in. 

Since  the  radius  of  the  cylinder  is  IV,  its  circumference  is 
2TrW.     There  are  180  coils  to  lay  on  this  circumference  and  hence 

each  coil  can  occupy  ^'^Z;    of  the  circumference.     The  problem  now 

resolves  itself  into   determining  what  angle  the  coil  must  have  to 

make  its  width  on  a  line  parallel  to  XY  equal  to  ^'^J'^.    It  is  evident 

180 

that  this  width  of  the  coil  is  the  same  as  the  distance  between  centers 
minus  any  air  space  between  the  coils.  Since  this  air  space  is  nec- 
essary in  many  cases  and  in  the  case  under  discussion  the  design 
of  the  coil  is  such  as  to  require  an  air  space,  the  width  of  the  coil 
inust  be  considered  as  the  actual  width  of  the  copper  and  insulation 
plus  the  air  space.  W^ith  this  in  mind,  L  represents  the  width  of 
a  coil  and  the  distance  between  centers  of  coils.  In  the  right  tri- 
angle ANM,  shown  at  the  left  in  Fig.  116,  the  line  MN  equals  L. 
It  is  evident  then  that  the  line  AM  represents  the  width  of  the  coil 
parallel  to  the  line  XY,  when  the  coil  has  any  given  angle  NAM 

with  the  iron.     The  distance  AM  must,  therefore,  be  equal  to  ^'T^ 

180 
as  shown  above.  Knowing  the  length  of  the  lines  AM  and  MN, 
the  angle  NAM  is  detemiined.  From  this  angle  and  the  length  of 
the  line  AB,  the  distance  BG  may  be  calculated,  and  hence  the 
length  of  wire  necessary  to  make  the  coils  just  wind  with  any 
given  thickness  of  insulation  and  air  space  is  determined.  In  prac- 
tice, however,  it  is  easier  to  make  the  calculation  of  the  distance 
BG  partly  graphic  and  partly  mathematical  and  to  use  a  projection 
of  the  coil  rather  than  a  development.  The  above  discussion  will 
serve  to  fix  in  mind  the  principles  involved,  and  the  following  de- 
scription will  give  the  actual  method  used. 
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Referring  to  Fig.  117,  with  0  as  a  center  and  a  radius  equal 
to  A  (Fig.  114),  describe  an  arc  BEC.  Concentric  with  this  de- 
scribe another  arc  KZ  with  a  radius  equal  to  the  radius  of  bore  A 
(Fig.  114)  plus  an  amount  equal  to  the  distance  of  the  wedge 
groove  below  the  air  gap.  These  circles  represent,  then,  the  in- 
side diameter  of  the  punchings  and  the  circle  of  the  bottom  of  the 
wedges  in  the  top  of  the  slots.  On  the  arc  BEC,  Fig.  117,  lay  out 
a  chord  BC,  whose  length  is  the  distance  between  the  centers  of  the 
two  slots  containing  one  coil.  Since  there  are  180  slots  total  and 
the  coil  lies  in  slots  i  and  //,  thus  encircling  16  teeth,  the  angle 
BOC  equals  (iVoX  360J.  Calling  this  angle  oc  ,  the  chord  BC 
equals  2^sin  ^  .  Through  the  points  B  and  C  draw  the  lines  OP 
and  OV  representing  the  center  lines  of  the  slots  in  which  the 
coil  lies. 

On  the  line  OP,  lay  off  the  radial  distance  BM  equal  to  F  (Fig. 
114),  which  equals  the  thickness  of  the  wedge  and  insulation  on  the 
coil.  The  distance  OM,  therefore,  equals  W  in  Fig.  115.  Now  lay  off 
a  distance  MP  equal  to  G  (Fig.  114).  This  distance  is  the  amount 
of  space  occupied  in  depth  of  slot  by  one  coil  and  in  this  case  is 
equal  to  the  thickness  of  one  insulated  wire,  0.137  in.,  multiplied  by 
eight,  since  the  coil  is  eight  turns  deep.  On  the  line  OV  lay  off  the 
distance  CS  equal  to  7^"  -^  G  -\-  H  (Fig.  114),  and  lay  off  the  dis- 
tance SV  equal  to  /  (Fig.  114).  It  is  evident  that  SV  =  MP  = 
G  =  J  (Fig.  114),  since  they  are  the  top  and  bottom  halves  of 
the  same  coil.  The  line  OT  bisecting  the  angle  ^  ,  represents  the 
point  of  the  diamond  on  the  coils  and  for  coils  made  on  the  ad- 
justable pulling  machine  may  be  assumed  to  come  in  the  center,  if 
the  coil  extension  is  any  considerable  amount.  Lay  oft"  on  OT  the 
distance  EN,  so  chosen  as  to  make  the  angle  NMO  a  right  angle 
if  possible.  If  considerations  of  design  make  it  essential  to  de- 
crease EN,  the  decrease  should  not  be  such  as  to  make  the  line 
MN  intersect  the  arc  KZ,  for  this  would  cause  interference  in 
the  air-gap.  Since  the  line  MX  is  a  projection  of  the  coil  end,  the 
distance  NQ  equals  MP  and  similarly  RT  equals  SV.  The  distance 
RQ  is  the  diameter  of  the  pin  around  wliioh  the  coils  are  formed, 
and  is  chosen  with  due  regard  to  the  thickness  of  the  insulating  ma- 
terial on  the  coil.  In  this  case  it  is  one  inch.  The  point  U  is  the 
center  of  this  pin.  The  lines  MN,  PQ,  RS  and  TV  give  a  projec- 
tion of  the  coil  on  a  plane  perpendicular  to  the  shaft. 

The  width  of  the  coil  L    (Fig.    116)    is   found  by  multiplying 
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sin  NAM 


the  thickness  of  one  insulated  wire,  0.137,  Ijy  three,  since  the  coil 
is  three  wires  wide.  To  this  must  be  added  the  thickness  of  the  in- 
sulation and  the  amount  of  air  space.  The  total  thickness  of  this 
coil  is,  therefore,  0.760  in.,  using  an  allowance  of  three-thirty- 
seconds  of  an  inch  air  space  for  ventilating  purposes. 

Since  the  coil  is  to  lie  on  a  cylinder  of  radius  W  (Fig.  115), 
which  equals  OM,  Fig.  117,  the  angle  NAM  (Fig.  116)  is  found  by 

the  formula, — 

'27r  X  OM 

where  L  is  the  distance  be- 
tween centers  of  coils  (Fig. 
116),  11  is  the  total  number  of 
coils  and  OM  is  the  radius  of 
the  cylinder  (Fig.  117).  The 
length  of  the  diamond  part 
of  the  coil  BG  '(Fig-  n^)  is, 
therefore  MN  (Fig.  117)  X 
tan.V^M  (Fig.  116),  and  the 
total  extension  of  the  coil  be- 
yond the  straight  parts,  not 
including  the  bend,  is  BG 
-\- K  (Fig.  116).  This  gives 
the  length  D  in  Figs.  115  and 
116.  The  total  length  of  the 
coil  beyond  the  iron  is  then 
found  by  adding  to  D,  the 
length  of  the  straight  part  of 

FIG.    II7_GRAPHrC   PROJECTION   OF   ONE   COIL    ^^^^      ^^ttom      of      the      Coil      bc- 

IN    A    PLANE    PERPENDICULAR    TO    THE  yond  the  irou,  the  radius   of 
^'^^^'^  the    pin,    the    depth    of    coil 

and  the  thickness  of  the  insulation.     This  distance  determines  the 
width  of  brackets  necessary  to  protect  the  windings. 

If  the  coil  is  to  be  made  on  a  mould  no  other  calculation  is 
necessary  to  determine  the  shape  of  the  mould.  If  the  coil  is  to  be 
made  on  an  adjustable  pulling  machine  it  is  necessary  to  find  the 
distance  between  the  centers  of  pins  on  the  shuttle  in  order  to 
wind  the  proper  length  of  wire.  This  is  readily  obtained  by  draw- 
ing the  line  PS  and  solving  the  triangle  PQX  thus  formed,  in  con- 
nection with  the  triangle  ABG  in  Fig.  116.     Then   oc   represents  the 
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angle  to  which  the  coils  should  be  pulled ;  OP  represents  the  radius 
of  pulling;  PS  serves  as  an  excellent  and  convenient  check  on  the 
angle  oc  ;  and  OU  represents  the  distance  to  which  the  coils  should 
he  "kicked"  up.  The  distance  the  coils  should  be  extended  is  given 
by  referring  to  Figs.  115  and  116  and  is  equal  to  the  distance  of 
the  center  of  the  pin  from  the  iron. 

Whenever  it  is  possible,  all  coils  are  made  on  an  adjustable 
coil  pulling  machine  .  This  method  has  several  advantages.  The 
cost  of  winding  the  coils  on  a  shuttle  and  then  pulling  them  open 
to  the  proper  shape  is  very  much  less  than  winding  the  coils  to 
finished  shape  on  a  former.  The  cost  of  the  shuttle  on  which  the 
coils  are  wound  is  very  small  compared  to  the  cost  of  a  former  or 
mould ;  and  the  shuttles  are  to  a  certain  extent  adjustable  with  very 
inexpensive  changes.  Soldered  joints  inside  the  coil  may  be 
avoided  in  many  cases  by  the  use  of  the  pulling  machine.  Coils 
can  be  formed  with  certain  shapes  of  conductors  which  at  one  time 
were  thought  impossible  of  commercial  manufacture.  Shorter  de- 
livery dates  are  possible  because  of  the  time  saved  in  the  develop- 
ment and  manufacture  of  moulds  and  formers.  And  finally,  the 
storage  space  necessary  for  these  moulds  and  formers  is  done  away 
with,  as  a  very  small  supply  of  adjusable  shuttles  is  all  that  is 
required. 

In  the  above  description  no  attempt  at  refinements  has  been 
made,  and  for  the  ordinary  coil  none  is  necessary.  If,  however, 
the  coil  has  a  very  wide  throw,  as  in  the  case  of  two-pole  machines, 
where  tlie  angle  «  may  be  as  much  as  180  degrees,  complications 
arise  which  require  the  use  of  every  precaution  and  refinement  in 
the  design  of  a  coil,  a  discussion  of  which  would  be  beyond  the 
scope  of  this  article. 
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A  CLUB  FOR   ENGINEERING  GRADUATES 

J.  E.  SWEENEY 

(JDERX  industry  is  recognizing  more  and  more  its  depend- 
ence upon  scientific  methods  and  upon  scientifically  train- 
ed men.  ( iraduates  of  technical  schools  are  welcomed  into 
industrial  companies  where  facilities  for  their  special  training  and 
advancement  are  provided.  Probably  in  no  branch  of  industry  has 
the  importance  of  technically  trained  men  been  more  appreciated 
than  in  the  electrical  field.  In  the  engineer's  preliminary  years,  ex- 
perience in  factory  and  testing  room  are  matters  of  first  import- 
ance. Supplementing  these,  other  means  for  advancement  are 
sometimes  provided. 

The  following  account  of  the  development  of  a  club,  formed 
primarily  for  the  advantage  of  the  young  college  men  in  a  large 
electric  works,  is  not  merely  typical  of  the  attitude  of  the  modern 
industrial  corporation  towards  college  men,  but  it  shows  in  a  con- 
crete, definite  way  just  how  this  work  is  carried  on. 

The  Electric  Club  with  which  so  many  readers  of  the  Journal 
were  familiar  was  organized  March  19th,  1902,  with  an  initial  mem- 
bership of  one  hundred  and  fifty,  consisting  principally  of  engineer- 
ing apprentices  and  the  engineers  of  the  Electric  Company.  The 
club  has  grown  steadily  and  has  fulfilled  its  object  so  admirably  that 
it  has  naturally  paved  the  way  for  a  broader  and  greater  organiza- 
tion, and  on  May  9th,  1910,  it  was  reorganized  as  The  Westinghouse 
Club.  The  Club  now,  as  the  name  implies,  embraces  in  its  member- 
ship men  from  the  various  Westinghouse  interests  in  the  Pittsburg 
District,  and  as  a  result  the  activities  of  the  Club  have  greatly  ex- 
panded. 

For  new  quarters  the  Club  was  fortunate  in  securing  the  Royal 
Building,  in  Wilkinsburg,  a  residential  suburb  of  Pittsburg,  where 
commodious  club  rooms  and  an  excellent  gymnasium  have  been 
fitted  up  to  meet  the  requirements,  and  here  may  be  found  one  of 
the  most  unique  clubs  in  this  country. 

With  a  membership  of  whom  the  majority  are  university  gradu- 
ates from  all  parts  of  the  world  and  to  which  each  year  is  added 
about  three  hundred  new  graduates,  it  is  easy  to  see  how  the  activi- 
ties of  such  a  club  are  maintained.  The  personnel  of  the  Club 
is  continually  changing  as  the  members  leave  to  take  up  duties  else- 
where. More  than  -twelve  hundred  engineering  apprentices  have 
been  members  of  the  Club  since  its  organization,  and  a  great  num- 
ber of  these  are  now  scattered  here  and  there  all  over  the  world 
in  responsible  positions.  It  would  be  difficult  to  imagine  a  better 
opportunity  than  is  afiforded  by  such  a  club  for  one  to  become  ac- 
quainted with  other  young  men  whom  he  should  know  in  his  fu- 
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ture  engineering  career,  as  well  as  (tlder  and  experienced  men  in 
his  field  of  work. 

The  Club  provides  for  educational,  social  and  athletic  ac- 
tivity among  its  members.  It  is  governed  by  a  board  of  thirteen 
directors,  chosen,  for  the  most  part,  from  the  younger  men.  who 
are  thus  responsible  for  the  direction  and  success  of  the  Club.  In- 
cidentally, an  important  advantage  of  Club  membership  to  these 
young  men  is  this  experience  gained  in  conducting  such  an  organi- 
zation. 

Tlie    variou-^    aclivitir-    are    in    cliar^'e   <<(   general   committees. 


GENERAL    VIEW    OF    ONE    OF   THE    CLUB    ROOMS 

The  following  is  a  list  of  the  present  standing  committees  and  their 
chairmen,  the  club  manager  and  physical  director : — 

Athletic  Committee A.  G.  Alirens 

Entertainment    Committee C.  R.  Jones 

Excursion    Committee G.  E.  Stoltz 

House    Committee G.  Blocksidge 

Lecture    Committee K.  C.  Randall 

Library    Committee G.  H.  Lewis 

Membership    Committee T.  E.  Simpers 

Music    Committee F.  S.Balyeat 

Publication    Committee C.  F.  Scott 

Publicity  Committee .*. . .  R.  A.  Duke 

Technical   Section   Committee C.  R.  Dooley 

Club  Manager S.  M.  Anson 

Physical  Director H.  H.  Provin 

The  field  of  activity  as  covered  by  these  committees  has  been 
laid  out  on  broad  lines  in  order  to  interest  all  types  of  men  and  to 
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give  each  man  all  that  he  is  willing  to  do  in  the  line  that  is  most 
interesting  to  him.  While  the  name  of  each  committee  implies 
the  general  character  of  its  activities,  a  few  words  regarding  the 
scope  of  the  work  will  probably  be  of  interest. 

The  Athletic  Committee,  in  addition  to  having  charge  of  such 
sports  as  baseball,  basketball,  tennis,  etc.,  has  general  charge  of 
the  g}mnasium.  The  g}-mnasium  has  a  tluor  si)ace  of  65  by  140 
feet  and  is  ecjuipped  for  basketball,  handball,  and  indoor  baseball, 
as  well  as  volley  ball.  A  physical  director  has  general  supervision 
and  conducts  regular  classes  in  which  systematic  exercises  are  given. 
Special  classes  are  also  formed  in  boxing,   fencing,  wrestling,  etc. 


VIEW    IN    CLUB    ROOMS    LOOKING    DOWN    CORRIDOR    FROM    RECEPTION    ROOM 

The  Entertainment  Committee  arranges  for  dances,  smokers 
and  various  other  forms  of  amusement. 

The  Excursion  Committee  arranges  for  the  systematic  inspec- 
tion of  notable  industrial  features  and  other  points  of  interest  in 
and  around  the  famous  Pittsburg  District.  This  affords  an  ap- 
portunity  of  observing  first-hand  and  thereby  gaining  a  comprehen- 
sive knowledge  of  rolling  mills,  tube  mills,  blast  furnaces,  coal 
mines,  cement  mills,  glass  works,  locomotive  works,  oil  wells,  ma- 
chine shops  and  other  plants  which  are  of  interest  to  engineers. 

The  duty  of  the  Publicity  Committee  is  to  see  that  due  notice 
is  dven  re2fardin<>-  all  Club  activities. 


I04 


THE  ELECTRIC  JOURNAL 


The  duties  of  the  House  and  Membership  Committees  are  the 
same  as  usuaHy  pertain  to  such  committees. 

The  Lecture  Committee  arranges  for  weekly  lectures,  which 
cover  a  wide  range  of  subjects,  deahng  particularly  with  general 
engineering,  social,  economic  and  national  problems.  The  speakers 
are  the  foremost  specialists  in  their  line,  including  men  of  national 
importance. 

The  Library  Committee  has  general  supervision  of  the  Club 
library.     In  addition  to  the  collection  of  technical  books,  a  complete 
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FLOOR    PLAN    OF  CLUB  ROOMS,    SECOND  FLOOR 

file  of  current  magazines  on  engineering  subjects,  as  well  as  popular 
magazines  and  newspapers,  is  kept. 

The  Music  Committee  fosters  glee  and  mandolin  clubs  and  an 
orchestra  and  the  Club  makes  use  of  the  talent  of  these  organiza- 
tions at  various  entertainments. 

The  Publication  Committee  has  general  supervision  of  the 
technical  publications  of  the  Club,  which  includes  The  Electric 
Journal. 

The  Technical  Section  Committee  has  in  hand  the  predominat- 
ing feature  of  the  Club,  the  educational  work.  These  sections  are 
technical  or  engineering  classes  organized  to  deal  with  the  construc- 
tion and  application  of  various  types  of  apparatus,  or  to  consider 
other  matters  of  importance  in  industrial  organization  and  man- 
agement.    They  supplement  the  daily  work  of  the  engineering  ap- 
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prentice  in  the  factory.  During  the  term  ending  December  2is.t. 
iOio,  the  work  was  divided  into  the  following  sections,  each  sec- 
tion having  its  own  leader:^ 

Al'l'AKATUS    SECTIONS 

Brake  Equipment  Section B.  F.  Key 

Detail  and  Switchboard  Section F.  W.  Harris 

Gas  Equipment  Section L.  A.  Quayle 

Illumination   Section C.  E.  Clcwell 

Industrial  Motor  Applications  Section C.  W.  Drake 

Industrial   Motors  and  Controllers   Section C.  G.  Tarkington 

Power   House  Equipment   Section J.  Bac!-.e-\\'iig 
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VIEW   OF   CLUB   GYMNASIUM 

Railway  Equipment  Section L.  G.  Riley 

Railway  Project  Section E.  W.  P.  Smith 

Signaling  Equipment   Section E.  R.  Coe 

Steam   Equipment   Section H.  F.  Schmidt 

Transformer    Section E.  C.  Stone 

GENERAL   SECTIONS 

Accounting    Section W.  J.  Patterson 

Materials  and  Factory  Testing  Section L.  W.  Chubb 

Road    Experience    Section J.  L.  Yardley 

Sales    Section F.  S.  Balyeat 

Works  Management  Section A.  S.  Duncan 

J.  H.  Mustard,  Section  Director 
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The  apparatus   sections  are  limited   to  about  thirty  men,  but 
the  general  sections  are  unlimited  as  to  number.     Each  section  has 


^■"■" } 

fsmtk 

HBft 

.*^ 

1                /'  ' 

^ 

I^BEH 

1    -  --     1                                                            -jdM^^^MMMHaM 

ONE   OF   THE   CLUB   TENNIS    COURTS 


a  leader  who  is  especially  qualified  to  handle  his  particular  subject. 
A  definite  plan  of  work  is  outlined  for  each  section  and  meetings 
are  held  every  two  weeks. 


THE  CLUB   BASE   BALL   FIELD 


Beside  the  direct  personal  gain  that  the  various  Club  activities 
offer  to  the  men  as  individuals,  it  develops  between  the  members 
as  a  whole  the  spirit  and  temperament  which  are  so  essential  to 
the  success  of  men  who  are  to  work  with  others  in  any  great 
undertakino^. 


EXPERIENCE  ON  THE  ROAD 

TESTING  ELECTRIC  RAILWAY  TRACK-CIRCUITS 
LEONARD   WORK 

ELECTRIC  railway  track-circuits  when  out  of  repair  may 
often  be  the  cause  not  only  of  a  considerable  loss  of 
power  but  of  very  poor  line  regulation.  When  the  resist- 
ance of  a  track  circuit  becomes  abnormally  high,  one  of  the  first 
things  to  be  investigated  is  the  condition  of  the  rail  bonds.  As  it 
is  obviously  a  considerable  task  to  test  each  individual  joint  in  a 
long  track  circuit,  a  much  easier  procedure,  in  many  cases,  is  first 
to  measure  the  total  resistance  at  once  and,  by  comparing  the  result 
thus  obtained  with  that  which  should  be  obtained  when  the  track  is 
in  good  condition,  determine  the  advisability  of  testing  each  bond 
separately. 

During  a  recent  investigation  of  a  small  interurban  electric  rail- 
way system,  following  its  purchase  by  another  company,  one  of  the 
items  that  came  up  for  consideration  was  that  of  the  condition  of 
lines  and  track.  It  was  not  thought  expedient  to  test  each  rail-joint 
on  the  line  unless  indications  should  warrant,  so  it  was  decided 
to  first  make  a  general  measurement  of  the  actual  resistance  of  the 
overhead  network  and  track  circuit  between  various  points  on 
the  road  and  the  power  station  which  would  serve  to  determine 
whether  or  not  these  circuits  were  in  first  class  condition.  The 
proposition  would  seem,  at  first  thought,  to  be  one  involving  con- 
siderable time  and  difficulty;  such,  however,  was  not  the  case, 
and  as  actually  carried  out  proved  to  be  a  very  easy  and  efficient 
scheme. 

The  first  step  was  to  obtain  the  lengths  of  feeders  and  trolley 
line.  For  this  purpose  a  car  was  sent  over  the  road  at  about 
schedule  speed  in  order  to  make  a  count  of  the  trolley  suspension 
poles  and  to  determine  the  location  of  each  feeder  tap.  From 
this  data,  a  map  of  the  line  was  sketched  and  as  the  distance  be- 
tween the  poles  was  uniform,  the  lengths  of  feeders,  trolley  wires 
and  track  were  easily  calculated.  From  the  sizes  of  wire  and 
weight  of  rail,  assuming  the  bonding  in  good  condition,  their 
respective  normal  resistances  from  both  ends  of  the  road  and 
five  intermediate  points  to  the  power-house,  were  calculated. 

The  next  step  was  to  measure  accurately  the  resistance  of  the 
lines  and  track  circuit  combined,  from  the  different  points  to  the 
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switchboard  at  the  power-house,  by  firmly  connecting  trolley  to  rail 
at  the  different  localities  and  observing  the  voltage  required  to 
send  a  fairly  heavy  current  over  the  circuit  (a  direct  application  of 
the  ordinary  ammeter-vohmeter  method  of  measuring  resistance), 
This  was  accomplished  in  the  following  manner: — 

After  the  road  had  ceased  operation  for  the  night  a  special 
car  was  sent  out  provided  with  a  ground  plate  attached  to  some 
30  feet  of  cable,  and  operated  by  two  men  whose  orders  read 
as  follows : — 

"On  arrival  at  destination  run  wheel  of  car  on  ground 
plate.  Keep  lights  and  heaters  turned  on.  Signal  piiwer 
house  to  take  off  power  by  opening  overhead  switch  three 
times.  When  power  goes  off.  note  exact  time  and  at  once 
wrap  end  of  ground  cable  around  trolley  wire.  After  ten 
minutes  from  the  time  noted  remove  ground  connection 
from  trolley  wire.  When  lights  again  come  on  steady  pro- 
ceed at  once  to  next  station  and  re])eat  as  above." 

The  progress  of  this  car  as  it  left  the  barn  for  the  end  of  the 
line,  the  first  point  of  test,  was  followed  by  watching  the  switch- 
board ammeter.  The  time  of  arrival,  the  ])rocess  of  running  on  to 
the  ground  plate  and  the  faint  signal  from  the  overhead  switch 
were  as  apparent  as  though  the  observer  were  en  the  spot.  On 
receipt  of  the  signal  the  engine  was  at  once  slowed  down  until  the 
line  pressure  was  about  25  volts.  The  line  switch  was  then  opened 
and  the  exact  time  noted.  After  waiting  three  minutes  power  was 
again  put  on  at  this  low  voltage,  whereupon  the  ammeter  plainly 
showed  that  the  men  outside  had  made  their  ground  connection 
secure.  The  speed  of  the  engine  was  now  increased  and  the  volt- 
age carefully  raised  until  between  75  and  100  amperes  were  flow- 
ing. Several  volt-ammeter  readings  were  rapidly  taken,  after  which 
the  voltage  was  again  lowered  and  the  power  taken  off.  After  12 
minutes  from  the  previous  time  noted  the  line  switch  was  once 
more  thrown  in.  The  ammeter  now  showed  that  the  ground  con- 
nection had  been  removed.  The  line  pressure  was  at  once  brought 
up  to  normal,  550  volts.  Very  soon,  by  noting  the  meter  indica- 
tions, it  could  be  seen  that  the  car  had  started  for  the  next  point 
of  test,  where  the  same  cycle  of  operations  was  gone  through,  and 
so  on  until  the  last  station  had  been,  tested. 

Thus  with  no  other  means  of  communication  tban  the  switch- 
board ammeter,  the  entire  series  of  tests  was  made  with  a  clock-like 
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precision  and  a  perfect  understanding  at  all  times  between  the  men 
on  the  car  and  those  in  the  power  house.  The  testing  of  approxi- 
mately seven  miles  of  road  at  seven  different  localities  required 
only  two  hours.  The  results  showed  a  resistance  of  from  30  to  90 
percent  above  normal  and  indicated  the  necessity  for  a  test  of  all 
the  track  joints.  This  subsequently  was  done,  as  is  customary, 
with  a  special  bond-testing  milli-voltmeter,  by  noting  the  drop 
around  each  rail  joint.  For  this  purpose  a  current  of  some  20 
amperes  was  maintained  in  the  rails  from  the  lights  and  heaters 
of  a  car  which  was  stationed  at  one  end  of  the  line  during  the  time 
the  bonds  were  being  tested.  More  than  200  track  joints  with 
high  resistance  were  located,  and  it  was  agreed  that  in  this  case 
some  new  electric  railway  bonds  would  be  a  good  investment. 

In  calculating  the  values  of  resistance  from  the  power-house 
to  the  respective  points  of  the  line  which  served  as  test  stations, 
the  fact  that  the  2/0  trolley  was,  in  some  cases,  paralleled  by  3/0 
feeders  had  to  be  taken  into  consideration.     The  resistance  values 
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FIG.    I — DIAGRAM    OF   TROLLEY   AND    FEEDER   SYSTEM    OF   INTERURBAN   ELECTRIC   ROAD 

per  mile  for  the  trolley  wire,  feeders  and  two  70  lb.  rails  with 
bonds  (in  parallel)  were  obtained  from  one  of  the  electrical  hand- 
books. 

The  following  constants  were  used  in  determining  calculated 
values : — 

2-70  lb.   rails  bonded ;   res.  per  mile  =  0.038  ohm  =  0.0072  ohm   per 

I  000  ft. 
2/0  trolley  wire ;  res.  per  i  000  ft.=  0.078  ohm. 
3/0  feeder ;  res.  per  i  000  ft.=  0.0618  ohm. 

The  arrangement  of  trolley  and  feeder  circuits,  feeder  taps, 
and  location  of  test  stations  are  shown,  approximately  to  scale,  in 
the  diagram  Fig.  i,  the  various  distances  between  stations  required 
in  making  the  calculations  being  indicated. 

As  the  power-house  was  located  adjacent  to  the  road,  the  dis- 
tance from  power-house  to  track  did  not  have  to  be  considered, 
in  calculating  the  feeder  resistances. 
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Table  I  gives  some  of  the  results  obtained  for  the  calculated 
and  measured  values  of  resistance  from  the  power-house  to  the 
points  of  test. 

TABLE  I. 


Station       !       Station  Station 

No.  I  No.  2  No.  7 


Approx.  distance  to  power  house 4  500  ft.  6ooo  ft.  30500  ft. 

Calculated       f  ^'"^ °-^^'  °-'^^                  '■^"'^ 

Resistances     l^rack 0^0^24  0.043  u0.2ll 

Resistances     [  .^^^^^ ^^g^^  ^219  ,  1-555 

Measured        (  Volts 57   _  42    ^  '79   _  ^  ^^ 

Resistance       I  .A.mps 105  '^^J    jj-          -.■So^    ^2 

Percent  high 42  64                     21 


As  an  illustration  of  the  method  of  figuring  the  respective 
resistance  values  to  the  various  stations,  the  calculations  for  station 
2  are  given  as  follows.     The  values  of  the  calculated  resistances  of 


FIG     2— DI.XGRAM    SHOWING   CALCULATIONS    FOR   FEEDER    AND    TROLLEY 
CIRCUITS    BETWEEN    POWER    HOUSE    AND      STATION   2 

the  respective  branches  of  the  circuit  involved  between  this  station 
and  the  power-house  are  indicated  in  Fig.  2. 


First  half  of  overhead  circuit   (A)  : 

2/0  trolley  6  000   ft.   @  0.078   =  O.468 

3/0   feeder  6000   ft.   @  0.0618 =  0.371 

Joint    res.    in   parallel =  0.207  ohm 

Second  half  of  overhead  circuit  (5)  : 

2/0  trolley  5  500  ft.  @  0.078 =  0.429 

3/0  feeder  5  500   ft.  @  0.0618 =  0.340 

Joint  res.  in  parallel =0.19     ohm 

2/0  trolley       2000  ft.  @  0.078 =0.156 

3/0  feeder  135000  ft.  @  0.0618 =0.835 

Total    res.    overhead    circuits =1.18    ohm 

A,  0.207  ohm,  in  parallel  with  5, 1.18  ohm,  =:  „_ — -    =0.176 

6  000  ft.  track  to  Sta.  2  @  0.0072 =  0.0432 


Total  res.  to  Sta.  2 =  0.219  ohm 


THE  JOURNAL  QUESTION  BOX 

Our  icatlrrs  arc  iiiz^itrd  in  iisr  Ihis  drparhiu-nt  for  ohtainui,!  information 
on  electrical  and  mechanical  subjects.  The  topics  should  be  of  general  in- 
terest and  of  the  kind  that  can  be  treated  briefly.  liacli  inquiry  should  be 
accompanied  by  a  stamped  return  en:-elope. 

.Iddress  all  ijuestioiis  to  The  .Journal  Question  Bi\r.  care  oj  The  Elect rk- 
Journal.  Box  (Jir.   I'ltlsburfjh.  I'a. 


520 — Principle  of  Operation  of  Al- 
ternating-Current   Fan    Motor-  - 

I'k-a^c  fxplain  1  .piT.ii  n  .11  <■{ 
V\'('stingli(ni-t'  altcrnatiii.L;  cur- 
rent fan  nintMr-.  How  can  tlu' 
direction  of  mtatKiii  \>v  re 
vcrscdr  v.^. 

'r\vc-l\c  incli  ami  \()  iiuli  typr 
of  fan  iiKitnrs  for  allcrnatin,t;-cur- 
rent  arc  of  the  sin.L;le-i)liasc  s(|uirrcl 
ea,L;e  induction  lyiu\  'I'lie  ])riniary 
wiudint:;  i^  ])ro\Hled  willi  an  aux- 
iliary starlniu  winding  wliieli  i- 
cut  oui  liy  a  ct-utrifuL^al  -witch 
d  u  r  i  u  u  acceleration.  'I'Iun  is 
I'xplaiued  in  article  on  ■'Anna- 
ture  WmdiiiL;"  in  the  JurKXAi, 
lor  Au.nu-t.  luio.  The  motor 
Is  providi-d  with  a  choke  coil 
Connection  in  serie--  with  oiu' 
--i(K'  oj  tlu'  main  circuit  and  a 
-witch  for  cuttinj^  it  in  and  out. 
for  ]inriio-e  ot'  s])i-e<l  control.  The 
motor  i-  re\er-.ed  by  counectin.L; 
the  -tartiiiL;  lead-  in  re\er>e  oriler 
to  the  mam  lead-.  The  startin.^;- 
windiui.^  terminal-  are  ahva>- 
hrou.i^ht  out  hetueeu  the  main 
lead-.  The  ei.^ht  inch  type  of  mo- 
tor for  alternatiu.u-curreiit  1-  oi 
the  serie-  commutation  tyjie.  Re- 
direction of  operation  i< 
ined  hy  re\er-in.y  either  ticld 
armature  connection-  within 
motor,      dependint;      on      con- 


many  point-  a-  there  are  hru.-lies. 
r.y  induction  due  to  the  alter- 
nating-current ill  the  stator,  there 
will  he  a  potential  difference  he- 
lui'eii  har-  of  the  commutatr>r.  In 
l-y^-.  3-M  (a  I.  which  illustrates  a 
lwo-]),,le  machine,  the  poUMitial 
will  he  ;i  m.iximum  between  the 
point-  (/  ;ind  b.  and  zero  iK-tween 
tile  points  c  ami  ,/.  This  ,L--umes 
that  the  end  connection-  ;ire  -ucli 
that  the  line  joiniu.L;  the  hru-he- 
i-  the  magnetic  axi-  of  the  ;irm;i- 
liire.  It  the  hru-he-  .are  idaced 
cur- 
-urreiit 


\  er.sal 


llowiiiL;  throuL:h  the  wiiKnn.L;  be- 
tween the  point-  .-,/  ;i-id  b-d  will 
produce  a  tonpie  in  one  direction 
.and  in  the  windin.i;  between  (/-(/ 
.and  (■-''  will  i>roduce  a  tor(|ue  in 
the  oiiiio-ite  direction.  As  the 
-p.acc-  <--(/  .and  (/-</  .are  e<|uul  the 
re-uhant  tonpie  I'li  the  .arm.ature 
will  be  zero.  If  tlie  brushes  are 
-hiftcd  from  the  position  a-b  to  e-f 
the  opposing-  torfjue  will  no  longer 
balance  and  a  re.sultant  torque  will 
therefore  appear.  By  shifting  the 
bru-lies  to  the  oppo.site  .side  of  a-b 
it  will  be  seen  that  the  resultant 
The  Wagner  self-starting  sin-  torque  will  Ije  of  opposite  sign  and 
.gle-phase  motor  is  of  the  repul-  the  motor  will  rotate  in  theoppo- 
sion  type.  The  brushes  are  not  site  direction.  If  the  brushes  are 
connected  to  the  external  circuit  sliifted  to  the  point  c-d  the  torque 
but  are  simply  connected  together  will  again  become  zero,  as  in  this 
hy  the  rocker  arm.  The  commu-  plane  the  potential  is  zero  and  no 
tator   is   thus   short-circuited  at   as      current  would   flow.  f.  c. 


521 — Principle  of  Operation  of 
Wagner  Single-Phase  Self- 
Starting   Motor— In   the   Wagner 

single-jdia-e  self-starting  motor. 
how  does  shifting  the  pointer  of 
the  brush  rocker  change  tlie  di- 
rection of  rotation"  r.  t. 
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522— Soldering  Bars  and  End 
Rings  of  Squirrel  Cage  Motor- 
Trouble  has  been  experienced  in 
making  the  bars  in  the  rotor  of 
a  squirrel  cage  motor  stay  fast. 
The  solder  seems  to  break  loose 
between  the  bars  and  short-cir- 
cuiting ring.  Ordinary  solder, 
half  tin  and  half  lead  have  been 
used.  H.  M'c. 

If  the  trouble  is  due  to  care- 
less or  defective  workmanship  in 
originally  soldering  the  bars  to 
the  rings,  careful  soldering  may 
possibly  relieve  the  trouble.  Sol- 
der is  used  primarily  for  reducing 
the  electrical  resistance  of  the 
joint  and  not  for  mechanical 
strength.  If  the  rupture  is  due  to 
mechanical  stresses  it  can  be  over- 
come by  the  addition  of  proper 
bolts  or  screws.  The  breaking 
loose  of  the  bars  from  the  ring 
may  be  caused  by  heavy  secondary 
currents  at  starting,  which  melt 
the  solder,  thus  allowing  the  bars 
to  fly  out  due  to  centrifugal  force 
before  the  solder  can  set.  The  ad- 
dition of  bolts  or  screws  might  re- 
lieve this  trouble,  or,  if  the  start- 
ing conditions  are  unusually  se- 
vere, a  change  in  resistance  rings 
might  be  necessary  unless  relief 
from  the  heavy  starting  condi- 
tions is  possible.  m.  b.  w. 

523— Changing    Capacity   of   Meter 
Current  Transformers — We  have 
300/5    power-factor    meters    and 
ammeters.     Since  the  load  of  the 
system  has  not  reached  300  am- 
peres as  a  maximum,  and  in  fact 
only  reaches  100  amperes,  could 
not    100/5    current    transformers 
be  used    in    order   to    get    a    full 
scale  deflection?    In  other  words, 
with    increased    station    capacity 
could    not    currents    be    changed 
and   not  both   currents   and   me- 
ters? c.  p.  B. 
It  is  practicable    to    use    100/5 
ampere     series     transformers    with 
meters  intended  for  use  with  300/5 
ampere  transformers  if  the  load  is 
continuously  small  enough  to  war- 
rant.     With    the   new   connections, 
indications     on     the     power-factor 
meters     will     be     correct,    but    the 
ammeter  readings  must  be  divided 
by  3   to   give   the   correct   readings 
with   the   transformer   of   one-third 
primary  capacity.                      h.  w.  b. 


524 — Aluminum  Electrolytic  Rec- 
tifier for  28  Amperes  Capacity — 

.-  A  set  of  tests  is  to  be  made  with 
an  electrolytic  type  of  cell,  with 
aluminum  and  lead  electrodes, 
and  boric  acid  as  an  electrolyte, 
for  rectifying  alternating-cur- 
rent. The  cells  are  to  be  of  the 
regular  storage  cell  size.  What 
area  of  plate  will  be  required  to 
give  28  amperes  without  over- 
heating, and  how  many  cells  will 
be  required?  The  voltage  is  no 
volts.  J.  s. 

The  making  of  an  electrolytic 
rectifier  to  deliver  28  amperes  for 
an  appreciable  time  is  an  expen- 
sive and  difficult  undertaking.  To 
deliver  three  amperes  for  an  hour 
or  more,  an  area  of  20  sq.  in.  for 
the  aluminum  plate  and  an  area  ot 
75  to  100  sq.  in.  for  the  lead  or 
iron  plate  would  be  sufficient,  pro- 
viding three  of  four  sq.  ft.  of  ra- 
diating surface  were  provided  to 
dissipate  the  heat.  For  28  amperes 
these  quantities  would  have  to  be 
multiplied  by  nine.  Such  a  recti- 
fier is  rather  inefficient,  30  per- 
cent being  good,  and  as  the 
efficiency  decreases  with  rise  ot 
temperature  the  apparatus  is  ver> 
unstable  and  tends  to  overheat 
and  begin  to  boil  if  slightly  over- 
loaded. About  six  such  cells  would 
be  required  for  the  delivery  of  no 
volt  direct  current.  A  transform- 
er having  a  middle  tap  and  about 
125  volts  from  this  tap  to  each 
outside  terminal  would  also  be  re- 
quired. Practically  all  such  recti- 
fiers are  limited  to  two  or  three 
amperes  capacity  and  only  inter- 
mittent service.  A  motor-gen- 
erator or  mercury  rectifier  would 
probably  be  found  to  do  the  work 
more  efficiently  and  much  more 
satisfactory.  r.  p.  s. 

CORRECTIONS 

In  the  article  by  Mr.  Clewell,  in 
the  December  issue,  page  957,  the 
i6rh  line  should  read  "2.5  watts 
per  square  foot"  instead  of  "25 
watts  per  square  foot"  as  pub- 
lished. 

In  the  article  by  Mr.  Copley,  in 
the  December  issue,  page  986,  the 
13th  line  should  read  "10  000  volt 
range"  instead  of  "100  000  volt 
range"  as  published. 
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The  growth   of   electric  drive   in  industrial   estab- 

The  lishments  has  been  gradual  until  within  the  last  few 

Application     years,  during  which  time  it  has  made  rapid  strides, 

of  Electric      due  to  the  careful  analytical  study  of  the  benefits 

Motors  to  be  derived  from  electrically  driven  machinery  of 

various  kinds.  The  reasons  for  applying  motors  to 
these  several  industries  resolve  themselves  into  two  main  factors : 
either  increasing  the  quantity  of  the  material  produced,  or  bettering 
the  quality  of  the  material,  or  a  combination  of  both,  resulting  in 
either  case  in  a  reduction  in  the  cost  of  the  article. 

In  glancing  over  the  several  articles  in  this  issue  of  the 
Journal  referring  to  electric  drive  as  applied  to  certain  industries 
one  is  impressed  by  the  special  character  of  each  installation.  Each 
industry  has  its  own  conditions  to  be  met  and  each  type  of  machine 
to  be  driven  has  its  own  particular  requirements.  These  must  be 
understood  and  tlie  electric  power  adapted  to  them  in  order  to  se- 
cure the  best  results. 

Hence,  in  order  to  properly  apply  the  motors  to  produce  these 
results,  it  is  essential  that  a  careful  study  be  made  of  each  industry 
and  of  each  type  of  machine  used  in  any  particular  industry  with  a 
view  to  determining  the  proper  characteristics  which  should  be  em- 
bodied in  a  motor  to  operate  the  various  machines  to  best  advantage. 

In  order  to  apply  the  proper  motor  a  special  type  of  engineer- 
ing is  essential,  which  may  be  termed  application  engineering,  and 
the  recent  rapid  advance  in  the  application  of  electric  drive  is  largely 
due  to  careful  study  of  minute  details  of  various  manufacturing 
processes  by  a  new  class  of  engineers,  namely,  application  engineers, 
who  not  only  have  to  be  electrical  and  mechanical  engineers,  but 
also  what  might  be  termed  "process  engineers."  These  engineers 
have  done  a  great  deal  to  advance  the  industrial  and  commercial  po- 
sition of  this  country,  for  the  cost  of  production  of  many  lines  of 
articles  has  been  reduced  through  their  careful,  analytical  studies. 
They  have  been  able  to  reduce  the  costs  to  the  consumer  in  many 
instances  and  yet  increase  the  profits  to  the  manufacturer. 
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There  are  comparatively  few  skilled  men  of  this  type,  and  ex- 
tended experience  is  rare  because  this  field  of  work  is  so  new.  In 
one  sense  this  kind  of  engineering  calls  not  merely  for  the  individual 
engineer  but  for  a  comprehensive  organization.  The  field  of  ap- 
plication is  so  wide,  the  data  necessary  is  so  varied  and  must  be 
secured  from  so  many  places  under  so  many  different  conditions, 
that  comprehensive  application  engineering  is  beyond  the  capacity 
of  the  single  engineer.  A  man  can  be  a  specialist  in  only  a 
few  lines.  The  engineer  of  a  central  station  company  may  be 
called  upon  to  advise  as  to  the  application  of  motors  in  a  dozen  or 
a  score  of  different  classes  of  service.  His  advice  is  wanted  as  to 
the  proper  method  of  applying  the  power,  as  to  the  size  and  kind  of 
motors  most  suitable  for  the  specific  conditions,  and  as  to  the  cost 
of  operation  which,  in  turn,  is  dependent  upon  load  factor  and 
other  conditions.  Data  on  similar  applications  elsewhere,  beyond 
his  own  personal  experience,  would  be  useful  to  him.  Hence  com- 
prehensive and  efficient  application  engineering  makes  essential  a 
fund  of  accessible  data  drawn  from  experience  and  service  records 
derived  from  many  sources.  This  is  obviously  beyond  the  range  )f 
the  individual  engineer  or  operating  company,  but  is  a  matter  which 
has  been  taken  up  by  some  of  the  larger  manufacturing  companies 
in  order  that  they  may  adapt  their  product  to  the  service  require- 
ments and  that  they  may  lend  valuable  assistance  in  the  installa- 
tion of  motors. 

Articles  describing  the  application  of  motors  to  a  given  indus- 
try are  particularly  serviceable  if  they  give  not  merely  the  facts  but 
an  explanation  of  the  conditions  and  the  engineering  reasons  why 
certain  methods  have  been  adopted.  An  intelligent  account  of  the 
application  of  motors  in  one  industry  may  be  suggestive  and  helpful 
in  cases  which  may  at  first  seem  quite  diverse.  For  example,  suc- 
cess in  many  industries  besides  the  manufacture,  of  steel  is  coming 
to  depend  more  and  more  upon  the  economies  and  refinements  with 
which  they  are  conducted.  Hence,  a  discussion  of  the  methods  by 
which  these  advantages  are  secured  in  the  electric  driving  of  the 
rolls  in  the  steel  mills  is  of  much  wider  interest  than  the  single  in- 
dustry, as  similar  methods  may  likewise  be  applied  to  other  indus- 
tries where  similar  problems  arise.  The  intermittent  application  of 
power,  the  use  of  fly-wheels,  the  proper  adjustment  of  speed  to  the 
work  to  be  done,  the  means  of  producing  power  from  gas  or  from 
steam  which  may  now  be  going  to  waste — all  these  are  matters  in 
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which  the  experience  gained  in  the  steel  industry  may  afford  a  use- 
ful example  to  be  followed  elsewhere. 

The  better  adaptation  of  motors  to  the  work  to  be  done,  the 
specific  requirements  of  speed  variation  and  the  like,  essential  to  the 
efficient  operation  of  certain  machines,  has,  in  a  large  measure,  been 
made  possible  by  the  development  of  suitable  control  apparatus. 
Improvements  in  control  appliances  and  the  production  of  motors 
specifically  designed  both  in  their  electrical  and  mechanical  charac- 
teristics to  meet  the  varying  needs  in  diversified  industries  are  re- 
sulting in  much  better  apparatus  for  supplying  power  than  existed  a 
few  years  ago.  The  designing  engineer  and  manufacturer  are  doing 
their  part  to  promote  the  efficiency  of  electric  drive,  and  it  now 
rests  largely  with  the  application  engineer  to  make  that  specific  and 
effective  application  of  motors  which  will  promote  the  more  effi- 
cient and  cheaper  operation  of  our  varied  industries  by  a  continued 
extension  of  the  use  of  electric  power.  S.  L.  Nicholson 


Central   Station   people   have   taken   a   much   more 
^     .      .         active  interest  in  the  commercial  branch   of  their 

business  in  the  past  two  or  three  years.     Many  of 

the  smaller  companies  which  have  been  furnishing 
Power  ^,jj.y  lighting  and  a  small  load  of  commercial  and 

residence  lights  have  come  to  realize  that  their 
earning  capacity  is  limited  compared  with  their  investment  and  the 
cost  of  operation.  As  a  solution  they  have  established  day  circuits, 
and  at  a  slightly  increased  operating  cost  have  secured  a  greatly  in- 
creased income.  This  has  generally  been  accomplished  by  new  busi- 
ness getting  methods. 

One  small  company  in  particular,  just  out  of  the  hands  of  re- 
ceivers, accumulated  several  thousand  dollars  the  first  year  under 
the  same  management,  as  a  result  of  power  business  obtained.  A  num- 
ber of  moderate  sized  plants  in  towns  of  from  10  000  to  25  000 
inhabitants  formerly  went  on  the  apparent  assumption  that  if  they 
made  too  much  show  they  would  be  suspected  of  too  great  pros- 
perity and  some  hardship  might  be  inflicted  upon  them.  They  re- 
quired customers  to  visit  a  dingy  office  in  an  out-of-the-way  place, 
either  at  the  plant  or  on  an  upper  floor  of  some  building.  They 
have  now  discovered  their  mistake  and  in  a  number  of  cases  have 
not  only  re-equipped  or  rebuilt  their  plants  with  modern  apparatus  of 
higher  efficiency  and  reliability,  but  have  also  established  large,  cen- 
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trally  located  and  attractively  equipped  offices  and  display  rooms 
where  those  coming  to  the  office  as  well  as  those  passing  by  will 
see  numerous  electrical  devices  and  have  an  opportunity  to  secure 
literature  upon  subjects  in  which  they  are  interested.  Light  and 
power  solicitors  and  demonstrators  have  also  been  added,  which  a 
few  years  ago  would  not  have- been  even  considered. 

Companies  which,  in  a  half-hearted  way,  were  formerly  willing 
to  accept  what  they  term  "off-peak"  business  at  a  reduced  rate,  are 
now  becoming  more  liberal  and  realize  the  value  of  energetically  de- 
veloping the  power  business.  Industrial  plants,  too,  are  becoming 
interested  and  are  beginning  to  make  investigations  on  their  own 
account,  largely  due  to  increasing  intelligence  and  interest  in  power 
cost.  It  is  not  an  uncommon  thing  for  power  users  to  approach 
electric  companies  for  information  and  many  purchased  power  in- 
stallations have  resulted  from  such  investigations,  some  amounting 
to  several  thousand  horse-power.  Each  increase  makes  more  easy 
the  future  extension  of  power  business. 

It  is  difficult  to  supply  the  rapidly  increasing  demand  for  ex- 
perienced commercial  men.  Assistance  is  being  afforded  in  this 
field  by  the  interchange  of  central  station  data  through  the  National 
Electric  Light  Association  and  by  the  efforts  of  certain  manufac- 
turers who  are  taking  an  active  interest  in  the  subject.  The  results 
secured  by  both  these  agencies  are  greatly  increasing  the  commer- 
cial efficiency  of  all  who  are  interested  in  this  most  fascinating  and 
instructive  work. 

At  recent  national  and  state  electric  light  conventions  the  com- 
mercial part  of  the  program  has  been  increased  in  proportions  that 
almost  threaten  to  interfere  with  what  was  formerly  considered 
necessary  routine  business.  Not  over  five  years  ago  commercial 
subjects  received  scarcely  more  than  passing  consideration  at  these 
conventions. 

At  the  present  rate  of  development  a  few  years  will  show 
wonderful  results  in  the  electrical  business  and  practically  all  cen- 
tral stations  will  be  conducting  their  business  in  the  same  manner 
as  an  active,  up-to-date,  successful  merchant  or  department  store 
manager,  who  believes  that  the  way  to  dispose  of  his  merchandise 
is  to  let  the  people  know  what  he  has  to  offer  by  using  methods  of 
publicity  which  create  interest  and  an  intelligent  understanding  of 
the  benefits  which  the  customer  may  secure. 

W.  B.  Wilkinson 
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Prof.  Ryan's  treatment  of  the  phenomena  of  corona 

Corona   and    as  set  forth  in  his  recent  paper  before  the  American 

the  Ionic        Institute  of  Electrical  Engineers  is  essentially  that 

Theory  of  the  physicist  rather  than  that  of  the  engineer. 
The  end  and  aim  of  the  physicist  is  to  find  the  cause 
of  the  phenomenon  he  studies,  to  find  the  law  that  correlates  that 
phenomenon  with  others  of  a  like  character.  His  eternal  question  is 
why?  why?  why?  In  this  respect  Ryan's  treatment  differs  materi- 
ally from  that  of  Mershon  who  presented  a  classic  paper  on  the 
same  subject  in  1908.  Mershon's  viewpoint  as  indicated  in  this 
paper  was  essentially  that  of  the  engineer  rather  than  the  physicist. 
His  object  was  to  discover  and  disclose  not  so  much  the  cause  of 
corona  as  is  Ryan's,  but  the  limitations  that  corona  places  upon 
transmission  voltages.  Ryan  studies  corona  with  a  view  of  trac- 
ing it  back  to  its  cause,  Mershon  with  a  view  of  tracing  it  forward 
to  its  result.  The  physicist's  interest  is  scientific,  the  engineer's  utili- 
tarian. The  physicist's  eternal  question  is.  Why?  the  engineer's,  Of 
zvhat  use? 

It  is  fortunate  that  the  American  Institute  of  Electrical  Engi- 
neers occasionally  receives  a  paper  like  that  of  Prof.  Ryan.  It  is 
well  engineers  should  be  occasionally  reminded  that  it  is  the  physicist 
that  after  all  must  give  the  true  foundation  for  all  engineering; 
for  the  engineer  in  his  application  of  nature's  forces  to  the  benefit  of 
mankind  must  follow  the  paths  which  the  physicists  hew  out. 

Ryan's  paper  bears  the  cumbrous  and  somewhat  misleading  title 
of  "Open  Atmosphere  and  Dry  Transformer  Oil  as  High  Voltage 
Insulators."  He  shows  in  his  discussion  that  the  ionic  theory  can  be 
invoked  to  explain  practically  all  the  phenomena  of  corona  that  have 
been  observed.  Briefly  the  ionic  theory  assumes  that  each  ultimate 
particle  of  matter  is  dual  in  its  nature,  being  made  up  of  one  part 
carrying  a  negative  charge  of  electricity  and  another  part  carrying 
an  equal  and  opposite  positive  charge.  These  two  parts  of  the  ulti- 
mate atom  are  called  ions.  Normally,  these  two  parts  are  bound 
together  and  make  up  a  neutral  particle  or  atom  so  that  the  ultimate 
particle  under  normal  conditions  is  carrying  no  charge  of  electricity 
either  positive  Qr  negative.  The  two  oppositely  charged  particles 
which  form  this  ultimate  atom  are  held  together  by  an  exceedingly 
strong  mutual  attraction.  However,  due  to  constant  emanations  from 
the  earth  (caused  perhaps  by  radium  or  some  other  radio-active  sub- 
stance contained  therein)  there  are  a  certain  number  of  free  ions 
constantly  floating  around  in  the  atmosphere.     In  the  neighborhood 
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of  a  charged  electric  conductor  these  ions  are  attracted  and  repelled 
due  to  a  well  known  law  of  electrostatic  forces,  viz.,  that  like 
charges  repel  and  unlike  charges  attract  each  other.  At  all  voltages, 
therefore,  there  is  a  certain  loss  from  a  charged  electric  conductor 
due  to  the  attraction  and  repulsion  of  these  free  ions.  Moreover, 
when  a  conductor  has  reached  a  certain  voltage  (called  the  critical 
voltage)  the  ions  that  are  repelled  and  attracted  attain  so  high  a 
velocity  that  they  begin  to  ionize  particles  heretofore  neutral  by 
collision.  That  is,  the  velocity  of  the  ions  expelled  from  and  at- 
tracted to  the  charged  conductor  becomes  so  high  that  they  knock 
apart  and  break  down  the  bonds  that  unite  the  positive  and  negative 
ions  of  some  of  the  surrounding  neutral  atoms  thereby  forming  new 
free  ions.  The  energy  necessary  to  repel  and  attract  these  new 
free  ions  must  also  come  from  the  charged  conductor  so  that  at  the 
critical  voltage  and  above,  the  power  required  for  this  purpose  be- 
gins to  increase  very  rapidly. 

So  far  as  the  engineer's  or  utilitarian  standpoint  is  concerned, 
Ryan's  treatment  adds  practically  nothing  to  what  Mershon  already 
discussed  and  disclosed  in  his  paper  of  1908.  However,  Mershon's 
results  were  entirely  of  an  empirical  nature  while  Ryan's  are  based 
upon  a  fundamental  law.  Ryan  tells  us  no  more  about  the  limits 
to  which  high-tension  voltage  can  be  carried  than  Mershon  had  al- 
ready done.  However,  it  is  a  satisfaction  to  know  that  Mer- 
shon's results,  as  well  as  those  of  all  others  who  have  studied  this 
phenomenon  of  corona,  can  be  correlated  under  a  general  law  and 
a  satisfactory  reason  assigned  such  as  Prof.  Ryan  has  so  ably  shown 
in  his  latest  paper.  P.  M.  Lincoln 


One  of  the  difficulties  encountered  by  an  engineer- 

The   Problem   ing  graduate  in  making  a  decision  as  to  his  future 

of  the  work  is  that  the  conditions  are  not  very  definitely 

Engineering    understood.     The  case  may  be  likened  to  the  effort 

Graduate       of  a  high  school  graduate  were  he  to  try  to  decide 

what  elective  work  he  should  choose  all  through 

his  coming  college  course.     He  does  not  know  the  meaning  of  the 

different  subjects.     It  is  the  experience  of  many  young  men  who 

have  chosen  a  graduate  apprenticeship  course  in  a  manufacturing 

company  to  find  after  a  year  or  so  that  their  ideas  undergo  a  very 

considerable  change.     They  discover  new  fields  of  interest  and  of 

value  of  which  they  had  had  scarcely  a  conception.  They  assign  new 

values  to  knowledge  and  to  experience.    Matters  which  had  seemed 
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of  small  moment  they  find  are  being  given  first  consideration  by 
men  of  mature  experience.  One  young  man  told  me  recently  that 
he  thought  two  years  ago  an  apprenticeship  course  was  the  thing 
to  take  if  he  could  not  get  anything  else,  and  so  he  took  it.  But 
now  he  considers  it  fortunate  that  no  more  alluring  prospect  greeted 
him  upon  graduation.  The  dil^culty  was  that  he  did  not  understand 
concretely  what  such  a  course  really  meant  and  was  unable  to  put  a 
proper  value  on  a  post-graduate  course  in  practical  service,  where 
he  could  at  the  same  time  work,  learn  and  progress. 

Some  graduates  take  a  post-graduate  course  to  get  an  advanced 
degree ;  others  accept  fellowships  and  devote  themselves  to  research. 
The  courses  olTered  by  large  manufacturing  companies  are  some- 
what similar  in  being  post-graduate  courses,  but  they  are  courses 
in  practical  affairs  in  which  the  man  does  not  aim  to  acquire  more 
theory,  but  comes  in  contact  with  a  great  variety  of  commercial  ap- 
paratus which  he  studies  from  the  standpoint  of  design,  of  con- 
struction, of  performance  and  of  application.  His  theoretical  train- 
ing is  not  made  a  basis  for  higher  abstract  theory,  but  for  under- 
standing the  operation  of  commercial  apparatus  and  for  studying 
at  first  hand  the  products  of  the  foremost  engineering  minds.  This 
useful  technical  knowledge,  co;nbining  both  the  theoretical  and  prac- 
tical, becomes  a  substantial  basis  for  his  future  work  in  whatever 
department  of  his  profession  he  may  enter.  Furthermore,  among 
the  actual  surroundings  of  manufacturing  and  commercial  life,  he 
is  learning  to  do  by  actually  doing.  This  course  bridges  over  the 
chasm  between  school  life  and  practical  life  often  pointed  out  by 
men  of  mature  experience,  but  rarely  comprehended  by  the  student. 

Each  of  the  large  electric  manufacturing  companies,  with  its 
course  including  hundreds  of  graduate  students,  is  affording  a  train- 
ing in  electrical  engineering  which  in  amount  and  importance  is  con- 
tributing more  than  any  engineering  school  in  the  country  toward 
the  development  of  electrical  engineers.  Some  of  the  advantages 
of  this  training  I  indicated  in  an  article  in  the  Journal  of  April, 
1910.  The  importance  of  such  courses  is  becoming  better  under- 
stood both  by  the  companies  themselves  and  by  the  professors  of 
electrical  engineering  and  the  graduate  students.  To  some,  such  a 
course  with  its  somewhat  strenuous  requirements  and  its  lesser  pay 
than  can  at  times  be  secured  elsewhere,  is  looked  upon  as  a  hardship 
to  be  avoided,  but  on  the  other  hand  the  better  students  are  coming 
to  look  upon  it  as  an  opportunity  which  they  cannot  afford  to  miss. 
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The  necessity  for  reproducing  in  the  training  course  itself  the 
typical  conditions  of  the  professional  and  commercial  Hfe  for  which 
it  is  a  preparation  is  well  illustrated  by  an  analogous  condition  in 
connection  with  the  public  schools  quoted  from  Prof.  John  Dewey's 
Moral  Principles  of  Education  to  which  reference  is  made  in  the 
excellent  paper  on  "The  Continuation  Schools  of  Munich"  presented 
in  the  auditorium  of  the  Engineering  Societies  Building  in  New 
York  on  December  8,  1910,  by  Dr.  George  Kerschensteiner : — ■ 

"I  am  told  that  there  is  a  swimming  school  in  a  certain  city 
where  youths  are  taught  to  swim  without  going  into  the  water,  being 
repeatedly  drilled  in  the  various  movements  which  are  necessary  for 
swimming.  When  one  of  the  young  men  so  trained  was  asked  what 
he  did  when  he  got  into  the  water,  he  laconically  replied,  'Sunk.' 
The  story  happens  to  be  true ;  were  it  not,  it  would  seem  to  be  a 
fable  made  expressly  for  the  purpose  of  typifying  the  ethical  rela- 
tionship of  school  to  society.  The  school  cannot  be  a  preparation 
for  social  life,  excepting  as  it  reproduces,  within  itself,  typical  con- 
ditions of  social  life."  Chas.  F.  Scott 


Intelligent   first   aid   to   the   injured   in   emergency 

Resuscitation     cases   such  as   serious   electric   shock  or   drowning 

From  niay,  in  the  majority  of  cases,  be  the  means  of  sav- 

Shock  ing    life    otherwise    unnecessarily    sacrificed.      The 

spirit  of  the  article  on  "Artificial  Respiration,"  by 
Dr.  Chas.  A.  Lauffer,  in  the  present  issue  of  the  Journal,  is  to  offer 
accurate  and  concise  information  regarding  the  effective  handling 
of  such  emergency  cases.  The  essentials  and  the  supplementary 
details  are  so  presented  that  they  may  be  readily  understood  and  re- 
membered, but  too  much  stress  cannot  be  placed  upon  the  necessity 
of  preparing  for  emergencies  by  thoroughly  familiarizing  oneself 
with  at  least  the  essentials  through  practice,  as  suggested  by  Dr. 
Lauffer.  The  directions  given  in  the  present  article  are  based  on 
a  careful  study  of  available  literature  on  this  subject  supplemented 
by  a  wide  experience  in  the  actual  treatment  of  such  cases. 


IRRIGATION  BY  ELECTRIC  POWER 

ALLEN  E.  RANSOM 

THE  watering  of  arid  lands  by  means  other  than  those  of 
nature,  to  increase  their  powers  of  producing  grains, 
fruits  and  vegetables,  is  an  old  subject,  but  the  various 
means  of  irrigation  which  have  been  developed  by  human  inge- 
nuity afford  an  interesting  study.  For  centuries  past  many 
fertile  spots  along  the  Nile  have  been  watered  by  simple  buck- 
ets pivoted  on  long  sweeping  arms,  which  dip  into  the  river's 
current  and  swing  up  to  the  extent  of  their  arms,  where  the 
water  is  emptied  into  a  small  pocket-like  reservoir.  From  this 
reservoir  in  turn  another  similar  bucket  and  arm  lift  it  up 
again,  and  so  on  for  five  or  six  sweeps,  until  from  the  upper 
level,  sometimes  thirty  to  sixty  feet  above  the  stream,  the  water 
can  trickle  down  through  the  sandy  soil. 

A  brief  summary  might  be  made  of  the  various  schemes 
used  to  water  the  soil  and  increase  its  productive  qualities, 
where  nature  has  failed  to  provide  moisture  in  sufficient  quanti- 
ties, as  follows : 

I — The  bucket  and  sweep  in  successive  units  operated  by 
man  power. 

2 — Natural  gravity  using  canals,  and  distributing  by  means 
of  branching  laterals. 

3 — Natural  gravity  with  the  water  under  pressure  through 
banded  wood  stave  pipes,  with  either  open  laterals  or  small 
machine  banded  wood  pipes  for  laterals  with  the  smaller  sub- 
laterals  of  galvanized  iron  pipe,  all  under  pressure. 

4 — ^Pumping  by  means  of  centrifugal  or  piston  pumps,  us- 
ing either  steam  or  gas  engines,  water  wheels  or  electric  motors 
as  sources  of  energy.  The  source  of  water  supply  may  be  either 
surface  water  from  the  streams,  or  may  be  ground  water,  se- 
cured by  sinking  wells. 

Irrigation  by  gravity  systems  can,  of  course,  be  accomplish- 
ed only  in  those  favored  localities  which  have  a  natural  source 
of  water  supply  at  a  level  higher  than  the  tract  under  cultiva- 
tion. Such  locations  have  long  ago  been  appropriated,  so  that 
further  extensions  are  dependent  upon  some  source  of  power  for 
pumping.  Long  distance  transmission  lines,  carrying  power 
from  the  mountain  streams  and  water  falls  over  the  intervening 
dry  plains  to  the  growing  cities  and  towns  of  Colorado,  Califor- 
nia, Nevada,  Oregon,  Washington  and  Idaho,  have   made  pos- 
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sible  the  use  of  electric  motors  for  the  operation  of  pumps  for 
irrigating  purposes.  In  fact,  the  ease  and  economy  with  which 
electricity  can  be  transmitted  over  wide  areas  and  used  to  drive 
motors,  makes  electric  pumping  in  many  cases  preferable  to  the 
gravity  system.  The  pumps  can  be  in  comparatively  small 
units,  each  supplying  a  local  area.  The  distributing  ditches  are 
small,  thus  leaving  maximum  area  for  crops,  and  the  water  sup- 
ply to  each  area  is  always  under  perfect  control.  There  is 
minimum  danger  of  broken  ditches  and  flooded  crops,  such  as 
sometimes  occur  with  large  ditches. 

The  sage  brush   and  sand  covered  plains   of   these   states, 
when   properly  cultivated  and  flooded  with  water,  produce  the 


FIG.    I — PUMPING    STATION    OF    THE    EDEN    ORCHARD    TRACTS,    WENATCHEE, 
WASHINGTON 

wonderful  grapes,  melons,  peaches,  cherries,  apples,  strawber- 
ries, etc.,  which  are  now  a  common  sight  in  the  markets  of  this 
country.  Land,  which  less  than  a  decade  ago  could  be  pur- 
chased for  from  fifty  cents  to  two  dollars  an  acre  in  the  valley 
of  the  Columbia,  is  now  holding  its  own  at  $150.00  an  acre  for 
alfalfa  hay  land,  producing  three  crops  a  year  and  averaging 
four  to  nine  tons  an  acre  at  $10.00  per  ton.  This  condition  of 
affairs  has  brought  these  lands  before  investors,  large  and  small, 
from  all  parts  of  the  country,  and  where  ten  years  ago  individ- 
uals held  vast  areas  of  this  cheap  land,  the  rising  values  have 
now  reversed  those  conditions.  Increasing  numbers  of  settlers 
hold  smaller  tracts,  and  dividing  and  sub-dividing  is  constantly 


IRRIGATION  BY  ELECTRIC  POWER  123 

going  on.  Intensive  cultivation  is  the  secret  of  successful  irri- 
gation to  the  man  of  moderate  desires,  and  with  the  same  amount 
of  care  and  attention  bestowed  upon  the  land,  ten  to  twenty 
acres  or  even  less  of  good  irrigated  land  will  produce  more  than 
much  larger  areas  in  the  East,  particularly  when  devoted  to  the 
raising  of  fruits. 

The  results  obtained  by  this  intensive  method  of  cultivation 
of  small  unit  areas  of  land  have  been  the  greatest  factor  in 
opening  up  the  various  tracts  of  irrigable  lands  in  the  Pacific 
Coast  States.  Organized  companies  have  taken  up  tracts  of 
land  in  units  of  from  160  to  6000  acres  and  have  divided  them 
into  small  tracts  of  5,  10,  20  and  40  acres  each  and  sold  them  to 
homeseekers,  with  water  riglits,  at  prices  ranging  from  $100  to 


WASHINGTON 

$600  per  acre,   the   land  being  in   its  original   prairie   form   but 
with  the  water  delivered  thereto. 

A  concrete  example  of  an  operating  company  in  the  upper 
Columbia  River  Valley  may  be  of  interest.  This  company  has 
taken  a  160  acre  unit  of  sage  brush  land,  platted  it  into  five 
and  ten  acre  tracts  and  supplied  it  with  water  under  a  pressure 
system.  The  pumping  station,  Fig.  i,  consists  of  a  40  hp, 
three-phase,  60  cycle,  2  300  volt,  w^ound  secondary  induction 
motor,  direct  connected  to  tw^o  3.5  inch  and  one  five  inch  cen- 
trifugal pumps.  These  pumps  are  so  arranged  that  they  may  be 
run  in  single,  multiple  or  series  stages  to  supply  water  for  the 
different  heads  to  be  pumped  against.  They  have  the  following 
duty : 
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250  gallons  per  minute  to  a  head  of   190  feet,  all  three  pumps  in 

series ; 
500  gallons  per  minute  to  a  head  of  160  feet,  two  small  pumps  m 

parallel  pumping  into  the  large  unit; 
750  gallons  per  minute  to  a  head  of  no  feet,  the  arrangement  bemg 

the  same  as  with  the  160  feet  head  but  the  pumps  operating  on 

reduced  head  and  picking  up  more  water; 
500  gallons  per  minute  to  a  head  of  55   feet,  the  five  inch  pump 

working  alone  as  a  single  step  pump. 

The  main  discharge  system  from  the  pumping  system  is  a 
12-inch  double  riveted  flanged  steel  pipe,  i  700  feet  long.  The 
lateral  system  is  made  up  of  galvanized  sheet  steel  pipe  of  vari- 
ous diameters,  branching  from  the  main  discharge  line  and 
having  at  intervals  one  inch  stand  pipes  about  two  feet  long, 
vv^ith  valves    which   feed   the   water  into   the   small   distributing 


FIG.    3 — BOOTH    OF   THE   PACIFIC   POWER  AND   LIGHT   CO.    AT   THE   WASHING- 
TON   STATE    FAIR^    NORTH    YAKIMA,    WASHINGTON 

ditches,  as  shown  in  Fig.  2.  The  loss  of  water  by  evaporation 
is  thus  minimized  and  by  means  of  the  stand  pipe  system  the 
irrigator  is  enabled  to  control  the  flow  as  he  works  on  the  dis- 
tributing ditches. 

This  system  proves  more  economical  to  the  holder  of  the 
small  five  and  ten  acre  tract  than  would  obtain  if  he  had  to 
purchase  an  individual  pumping  equipment  for  his  land,  as  the 
Power  and  Land  Company  carry  the  necessary  investment  for 
electric  sub-station,  pumping  station  and  water  distributing  sys- 
tem, and  although  he  pays  more  per  acre  for  his  land  under 
these  conditions,  the  terms  of  sale  are  such  as  to  make  it  less  of  a 
financial  burden,  than  would  the  individual  unit  pumping  plant. 
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In  this  particular  case,  assuming  a  load-factor  of  80  per- 
cent on  the  pumping  plant  on  24-hour  service,  the  average  sta- 
tion load  would  be  about  32  horse-power.  It  would  thus  be  easy 
to  keep  the  mechanical  equipment  in  good  running  condition, 
even  though  the  full  load  of  40  horse-power  might  be  carried  at 
times  for  short  intervals.  Basing  the  power  bill  at  $7.00  per 
month  per  horse-power  on  the  peak  or  maximum  demand,  the 
charge  would  be  $280.00  per  month  as  a  possible  maximum  or 
$1.75  per  acre  per  month  for  the  160  acres  affected.  The  water 
could  thus  be  delivered  at  a  maximum  cost  of  $17.50  per  month 
for  a  ten  acre  tract  from  a  central  pumping  plant,  where  an  in- 
dividual plant  of.  say.  a  three  horse-power  unit    would  require  a 


FIG.  4 — POMEROY  GULCH  IMPOUNUING  RESERVOIR  OF  THE  LEWISTOWN, 
CLARKSTON  IMPROVEMENT  CO.,  LOOKING  TOWARD  CLARKSTON,  WASH- 
INGTON 

monthly  charge  at  a  higher  rate   per   horse-power,  besides  the 
maintenance,  attention  and  cash  investment. 

These  figures,  of  course,  are  roughly  comparative  as  the 
cost  of  power  differs  materially  in  dift'erent  localities,  but  they 
indicate  in  a  general  way  the  advantage  secured  by  the  small 
owner,  in  getting  his  water  from  a  central  unit  station  rather 
than  putting  in  the  small  individual  unit.  The  tendency  is  in- 
creasing, therefore,  towards  the  installation  of  larger  sized 
pumping  units  to  supply  sub-divided  tracts  of  land,  both  on 
account  of  the  economy  in  step-down  transforming  stations  in 
larger  sized  units,  and  for  the  reason  that  where  power  is 
purchased  the  large  sizes  of  pumping  equipments  offer  more  op- 
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portunities  to  make  the  installation  along  good  engineering 
lines,  and  to  build  the  station  and  equip  it  with  machinery  of 
high  class  manufacture,  reliability  and  efficiency.  The  small 
unit  station  of  three  to  ten  horse-power,  on  the  other  hand,  tends 
to  the  purchase  of  any  pumping  outfit  that  will  turn  over  and 
the  equipment  of  lowest  first  cost  many  times  turns  out  to  be 
the  most  expensive  in  the  end.  It  is  not  infrequent  for  these 
small  units  to  have  a  combined  plant  efficiency  of  from  25  to 
40  percent. 

The  hydro-electric  transmission  companies  are  naturally  as- 
sisting in  this  movement,  as  the  irrigation  projects  through  the 


FIG.     5 — ASOTIN     CREEK     POWER     STATION     OF    THE     LEWISTOWN,     CLARK- 
STON     IMPROVEMENT     CO. 

Water  received  from  Asotin  Creek  through  a  7-mile,  48-inch 
wood  stave  pipe  line.  Penstock,  40-inch  steel  pipe.  Head,  475 
feet.     Capacity  3  000  hp. 

country  traversed  by  these  trunk  lines  form  a  natural  and  very 
desirable  market  for  power.  Their  exhibits  and  booths  at  the 
various  state  and  county  fairs,  such  as  that  shown  in  Fig.  3, 
are  now  a  common  sight,  and  are  the  center  of  much  interest. 
Many  of  the  larger  projects  have  substantial  impounding  reser- 
voirs which,  as  in  the  case  shown  in  Fig.  4,  catch  the  tail  water 
from  their  hydro-electric  stations  at  a  higher  elevation  than 
the  irrigated  valley,  and  from  which  the  water  is  distributed 
under  pressure  to  the  towns,  orchards  and  fields  below.  This 
reservoir  is  a  part  of  the  system  of  the  Lewiston,  Clarkston 
Improvement  Company,  at  Clarkston,  Washington,  which  dis- 
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tributes  water  for  irrigation  purposes  under  gravity  pressure  to 
a  considerable  area  surrounding  these  cities.  At  the  same  time, 
by  carrying  the  first  part  of  their  48-inch  wood  stave  pipe  line 
around  the  hills  at  a  considerable  altitude,  a  head  of  475  feet  is 
made  available  for  their  3  000  horse-power  hydro-electric  gener- 
ating station,  Fig.  5,  located  on  Asotin  Creek,  six  miles  above 
the  town.  Power  is  thus  made  available  for  lights  and  indus- 
trial uses  and  also  for  pumping  water  for  irrigation  purposes 
where  it  is  difficult  to  supply  gravity  pressure.  The  water  in 
the  main  flume  is  at  a  sufficient  pressure  when  it  reaches  the 
town  of  Clarkston  to  furnish  a  head  of  250  feet  to  a  400  kw 
generating  station  located  just  above  the  town.  The  tail  water 
from  this  station  is  impounded  in  the  reservoir  shown  in  Fig.  4, 
for  gravity  irrigation  of  the  lower  levels,  water  being  taken 
from  the  main  flume  for  the  higher  levels.  In  all,  this  company 
has  seven  miles  of  48-inch,  four  miles  of  40-inch,  two  miles  of 
36-inch  and  one  mile  of  30-inch  wood  stave  pipe  line. 

The  two  hydro-electric  power  stations  operating  in  con- 
junction with  a  500  kw  steam  turbine  auxiliary  station  furnish 
power  to  the  towns  of  Lcwiston,  Clarkston,  Asotin,  Genessee 
and  Moscow,  through  a  total  of  over  50  miles  of  transmission 
line  at  45  000  volts. 

An  alfalfa  ranch  of  about  thirty  acres  in  the  Eden  Orchard 
Tracts  was  sage  brush  land  four  years  ago  at  $20  per  acre. 
When  the  water  w^as  put  on  the  land  two  years  later,  it  imme- 
diately became  worth  $100.00  per  acre.  With  improvements  on 
the  tract  costing  approximately  $1  500.00,  the  owner  was  recent- 
ly offered  $260.00  an  acre  for  the  whole  tract.  Twenty  acres 
in  the  first  crop  of  alfalfa  of  the  year  produced  fifty  tons  of 
hay  which  sold  sixty  days  after  stacking  at  $9.00  per  ton  in  the 
-stack.  A  ten  acre,  four-year-old  fruit  ranch  in  the  Yakima  Valley 
was  purchased  two  years  ago  complete  with  land,  water  rights, 
and  buildings  for  $2  800.00.  This  summer  the  owner  refused 
$5  000.00  for  the  place. 

Irrigation  has  produced  these  changes  and,  by  a  succession 
of  events,  electricity  has  become  the  principal  factor  in  develop- 
ing and  making  accessible  these  vast  arid  tracts,  which  are  be- 
coming rapidly  transformed  into  gardens,  orchards,  towns  and 
cities,  with  inter-connecting  interurban  systems,  electric  lights 
and  telephones. 


PAPER  MACHINES  WITH  MOTOR  DRIVE 

C.  W.  DRAKE 

IN  THE  electrical  equipment  of  pulp  and  paper  mills  it  has  been 
found  that  with  very  fev/  exceptions  the  squirrel-cage  induc- 
tion motor  best  meets  the  requirements  of  the  service.  The 
exceptions  are  those  applications  which  require  an  especially  high 
starting  torque  over  an  extended  period,  for  which  purpose  the  slip 
ring  induction  motor  is  used,  and  also  paper  machines  which  re- 
quire adjustment  of  speed  over  a  wide  range  in  order  to  obtain  va- 
rious weights  of  paper.  The  direct-current  motor  still  holds 
the  field  for  adjustable  speed  work,  so  that  although  an  alternating- 
current  system  should  be  used  for  the  plant  as  a  whole,  it  is  neces- 
sary to  have  direct  current  for  the  operation  of  the  paper  machine 
itself. 

Paper  machinery  may  be  grouped  into  two  general  classes, 
namely,  Fourdrinier  and  cylinder  machines,  the  principal  dififerences 
between  them  being  at  the  wet  end  of  the  machine.  The  paper  on 
Fourdrinier  machines  is  formed  on  a  continuous  wire  screen  known 
as  a  Fourdrinier  wire,  while  with  cylinder  machines  the  paper  is 
formed  on  wire  cylinders.  The  former  machine  is  used  principally 
for  the  lighter  weights  of  paper  and  those  made  from  a  single 
grade  of  stock,  while  the  cylinder  machine  is  used  principally  for 
cardboard  and  felt  work  which  may  use  several  kinds  of  stock  at 
one  time.  The  former  is  essentially  a  high  speed  machine,  while 
the  latter  runs  at  a  slower  speed,  although  from  a  motor  point  of 
view  this  makes  little  difference  since  the  speed  reductions  are 
obtained  by  gears  in  the  machine  drive. 

The  drive  for  any  paper  machine  consists  of  two  main  parts, 
namely,  a  constant  speed  section  and  an  adjustable  or  variable 
■speed  part,  as  it  is  usually  'termed.  The  constant  speed  portion 
consists  of  the  various  stock,  water  and  vacuum  pumps  at  the 
wet  end  of  the  machine,  together  with  the  screens  and  other  aux- 
iliary apparatus  which  are  installed  there.  The  variable  speed  por- 
tion consists  of  all  sections  of  the  machine  upon  which  the  paper 
is  formed  and  finished.  Constant  speed  induction  motors  are  well 
adapted  for  the  constant  speed  section  of  the  machine,  and  it  is 
only  for  the  variable  speed  shaft  that  adjustable  speed  motors  are 
required. 

The  speed  range  required  by  any  machine  depends  primarily 
upon  the  various  weights  of  paper  it  is  expected  to  make  upon  it. 
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If  each  machine  could  be  run  with  one  weight  of  paper  at  all  times, 
speed  adjustment  would  be  almost  unnecessary.  This  is  the  case 
with  several  plants  which  manufacture  newspaper  only  and  are  using 
slip  ring  induction  motors  for  the  variable  speed  shaft.  This  type 
of  drive  allows  of  10  to  25  percent  decrease  in  speed,  but  a  large 
speed  range  will  not  be  satisfactory  due  to  the  poor 
regulation  of  the  motor  when  operating  with  resistance  in  the  sec- 
ondary. Large  mills,  which  operate  several  machines,  can  so  distrib- 
ute their  orders  as  to  keep  each  machine  working  within  narrow 
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FIG.     I — OPERATING     SIDE    OF    ISO-INCH     FOURDRINIER     MACHINE 

The  wet  end  of  the  machine  is  clearly  shown  with  the  Fourdrinier 
wire  and  the  deckle,  which  limits  the  widths  of  the  sheet  on  the  wire. 
Just  be.vond  the  deckle  strap  is  seen  the  dandy  roll  which  gives  the 
water  mark  or  other  impression  desired.  Below  the  wire,  just  beyond 
the  dandy  roll  and  in  front  of  the  couch  roll  which  drives  the  wire,  are 
located  the  vacuum  boxes,  where  a  vacuum  of  10  to  12  inches  tends  to 
draw  superfluous  water  through  the  wire.  Each  pair  of  the  press  rolls 
which  the  paper  enters  after  leaving  the  wire  al-so  removes  some  of  the 
moisture,  but  the  paper  nevertheless  enters  the  dryers  containing  about 
65  percent  of  water. 

speed  limits,  thus  operating  at  better  efficiency  and  requiring  less  ex- 
pensive driving  mechanism.  A  small  plant,  on  the  other  hand,  unless 
producing  a  special  product,  may  require  a  speed  range  as  high  as 
7:1.  Higher  ratios  are  sometimes  requested,  but  it  is  seldom  re- 
quired to  make  paper  over  the  whole  range,  and  the  higher  the  ratio, 
the  greater  the  investment  for  electrical  equipment.  Eliminating  those 
machines  which  may  be  driven  by  alternating-current  motors,  the  va- 
rious methods  by  which  the  variable  speed  shaft  of  a  paper  machine 
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may  be  driven  by  direct-current  motors  will  be  considered,  together 
with  the  limitations  and  advantages  of  each. 

MECHANICAL    LAYOUT 

Practically  all  mills  of  recent  design  make  use  of  a  basement 
in  which  the  line  shaft  for  the  paper  machine  is  rigidly  and  perma- 
nently installed  on  concrete  piers.  For  the  maximum  speed  of  the 
paper  machine  this  shaft  usually  runs  at  from  250  to  350  r.p.m.,  so 
that  for  machines  requiring  motors  of  75  hp  or  over,  it  is  not  im- 
practicable to  couple  the  motors  to  the  shaft.  A  much  cheaper  and 
entirely  satisfactory  drive  is  obtained  by  belting  the  motor  to  the 


FIG.   2 — DRY   END   OF   I42-INCH   AND   1 52-INCH   BOOK-PAPER   MACHINE 

The  paper  passes  from  the  dryers  to  the  calenders  where  the  pres- 
sure from  the  heavy  polished  steel  cylinders  produces  a  smooth  finish. 
All  or  part  of  these  calender  rolls  may  be  used,  depending  on  the  finish 
desired.  From  the  reel  at  the  end  of  the  machine,  the  paper  is  slit  and 
rewound  in  widths  as  desired. 

shaft  so  that  a  maximum  motor  speed  of  800-1  000  r.p.m.  may 
be  used.  When  there  is  not  sufficient  space  between  centers  for  a 
good  belt  drive,  it  is  more  satisfactory  to  use  a  chain  drive. 

The  greater  part  of  the  power  taken  by  a  paper  machine  is 
required  to  overcome  the  friction  of  the  various  sections  of  the  ma- 
chine. In  fact,  that  part  of  the  load  caused  by  the  paper  is  prac- 
tically nothing  more  than  an  added  friction,  so  that  the  total  load 
may  be  considered  as  one  made  up  of  friction.  This  being  the  case, 
it  is  to  be  expected  that  for  various  speeds  the  same  torque  wou'ld 
be  required ;  or,  in  other  words,  the  horse-power  would  be  propor- 
tional to  the  speed.     Numerous  tests  have  shown  that  the  above 
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statement  is  approximately  correct,  although  over  wide  ranges  of 
speed  the  ratio  between  horse-power  and  speed  is  found  to  be  not 
quite  identical.  This  deviation  from  the  rule  is  probably  due  in 
part  to  the  different  action  of  heavy  paper  from  light  paper  in 
the  machine  and  also  to  the  different  action  of  lubricants  at  various 
speeds. 

It  has  often  been  assumed  that  the  load  of  a  paper  machine 
when  running  at  a  given  speed  and  manufacturing  a  certain  weight 
of  paper  will  be  constant,  but  this  is  far  from  true.     On  a  Four- 


FIG.    3 — LINE    SHAFTS    FOR    A    PAPER    MACHINE 

The  constant  speed  shaft,  suspended  from  the  ceiling,  drives  the 
pumps,  screens,  etc.,  at  the  wet  end  of  the  machine.  The  variable  speed 
shaft  supported  on  the  floor,  drives  all  the  sections  upon  which  the 
paper  is  formed  and  finished.  The  long  shaft  is  necessary  in  order 
that  all  sections  of  the  machine  may  be  driven  at  exactly  the  same  speed, 
to  avoid  tearing  the  paper.  The  pulley  driving  the  machine  is  slightly 
tapered,  and  speed  adjustments  between  the  sections  are  made  by 
changing  the  location  of  the  belt  on  the  pulley.  The  concrete  supports 
insure  accurate  and  permanent  alignment  of  the  shafting. 

drinier  machine,  for  instance,  there  are  four  principal  places  where 
the  power  consumed  may  be  varied  vvdiile  maintaining  a  constant 
speed  and  product.  These  are — first,  at  the  couch  or  wire,  the  load 
varying  here  according  to  the  pressure  on  the  roll  and  also  with  the 
vacuum  in  the  suction  boxes;  second,  at  the  press  rolls,  the  varia- 
tion here  being  caused  principally  by  the  weights,  or  pressure  on 
the  rolls,  although  poorly  lubricated  journals  often  cause  conisidera- 
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ble  variation  in  power;  third,  at  the  calender,  where,  for  a  given 
sheet,  the  principal  variation  is  due  to  the  number  of  nips  taken, 
the  throwing  on  and  off  of  the  stack  and  the  condition  of  the  jour- 
nals ;  fourth,  the  winder,  which  works  only  intermittently  since  the 
paper  is  slit  and  rewound  at  a  speed  about  double  the  speed  of  the 
machine.  The  throwing  on  and  off  of  the  winder  may  cause  quite 
an  appreciable  change  in  the  total  load. 

A  proper  understanding  of  the  above  conditions  is  necessary 


FIG.    4 — DRIVE    SIDE    OF    A    120-INCH,    TWO    CYLINDER    PAPER    MACHINE 

The  prepared  pulp  is  maintained  at  a  constant  level  in  the  cylinder 
chests  shown  at  the  right.  The  water  passes  through  the  mesh  of  the 
wire  cylinders,  leaving  the  paper  fiber  adhering  to  the  outside  of  the 
cylinders  in  uniform  layers,  the  thickness  depending  on  the  height  of  the 
pulp  in  the  tanks  and  on  the  speed  of  rotation.  The  cylinders  are 
driven  by  a  wide  band  of  felt  passing  over  them,  to  the  under  side  of 
which  the  pulp  adheres  and  is  carried  to  the  dryers.  Any  number  of 
cylinders  may  be  used,  each  adding  a  layer  of  paper  of  any  composition 
or  color  desired.  The  water  is  removed  from  the  inside  of  the  cylinders 
by  pumps  shown  in  the  foreground,  and  used  in  the  preparation  of  other 
pulp. 

Each  section  of  the  steam  heated  dryers,  shown  in  the  background, 
is  driven  through  a  double  reduction  gear  by  a  belt  from  a  shaft  in 
the  basement. 

to  decide  upon  the  allowable  speed  regulation  in  the  motor.  If 
the  load  were  absolutely  constant  at  any  setting,  the  question  of 
regulation  would  be  of  no  importance.  To  understand  the  effect 
of  poor  regulation,  it  is  necessary  only  to  recall  that  the  stock  is 
being  pumped  to  the  wire  at  a  constant  speed  and  that  any  varia- 
tion in  the  speed  of  the  wire  for  a  given  pump  setting  will  vary 
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the  weight  of  the  sheet  being  formed.  For  instance,  if  the  throw- 
ing on  of  the  winder  caused  a  decrease  in  speed,  a  heavier  sheet 
would  be  formed  for  several  minutes  and  then  after  the  winder 
was  off,  a  lighter  sheet  would  be  made. 

PAPER    MACHINES    WITH    A   SPEED  RANGE   NOT   OVER   3:! 

As  previously  shown,  a  speed  range  of  3:1  may  cover  ma- 
chines of  all  types,  and,  consequently,  motors  of  various  capacities. 
Assume  first  a  mill  having  four  tissue  machines,  each  requiring  30 
hofse-power  with  a  range  of  2:1.  Direct  current  may  be  obtained 
from  a  generator  in  the  power  house  or   from  a  motor-generator 


FIG.    5—150    KW    SELF-STARTING    SYNCHRONOUS     MOTOR-GENERATOR    SET    SUP- 
PLYING POWER  TO   MOTOR  SHOWN   IN  FIG.   6 

set.  Assuming  each  operated  at  constant  voltage,  a  shunt  motor 
with  field  control  offers  the  simplest  solution.  On  the  other  hand, 
consider  a  mill  with  one  or  two  large  book  machines  requiring  125 
horse-power  or  more  with  a  range  of  3:1.  A  similar  solution  to 
the  above  might  be  made.  There  are,  however,  other  po'ssibilities 
worth  considering,  as  for  instance,  the  use  of  one  motor-generator 
set  for  each  machine.  A  shunt  mcxtor  with  field  control  will  develop 
its  rated  capacity  at  all  speeds  with  varying  torque  over  the  whole 
speed  range,  but  when  applied  to  a  paper  machine  having  a  con- 
stant torque  at  all  'speeds,  will  be  required  to  develop  its  full  ca- 
pacity at  maximum  speed  only.  A  motor  with  a  constant  torque 
characteristic  develops  its  maximum  horse-power  at  maximum  speed 
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only,  and,  consequently,  would  make  a  cheaper  motor  to  apply  to  a 
paper  machine  than  one  with  a  constant  horse-power  characteristic. 
By  using  one  mo  tor- generator  set  for  each  machine,  dt  is  possible 
to  vary  the  voltage  of  the  generator,  and,  consequently,  the  arma- 
ture voltage  of  the  motor  to  obtain  the  desired  speed  range.  It  is 
necessary,  however,  to  separately  excite  the  fields  of  the  generator 
and  motor  and  also  to  maintain  the  motoa;  field  at  a  constant  value. 
The  motor  speed  will  vary  in  proportion  to  the  change  in  armature 
voltage  and  since  the  field  is  constant,  will  be  able  to  develop  the 
same  torque  at  all  speeds.  Consequently,  the  armature  current  will 
be  approximately  constant. 
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FIG.    6 — ADJUSTABLE    SPEED    MOTOR    DRIVING    PAPER    MACHINE   LINE    SHAFT 

150  hp,  220  volts,  160-800  r.p.m.  Although  the  motor  has  a  speed 
range  of  5:1  by  field  control  alone,  a  two  step  pulley  was  installed  so  that 
a  speed  range  of  10:1  could  be  secured  for  the  line  shaft  when  desired. 
The  control  for  the  motor  is  in  the  machine  room  on  the  floor  above. 

Besides  a  motor  with  entire  field  control  and  one  with  entire 

voltage  control,  there  is  a  motor  using  a  combination  of  the  two 

which  combines  some  of  the  advantages  of  each.    To  make  it  more 

concrete,  assume  that  the  first  proposition  would  require  a  125  hp 

motor,  250  volts,  300-900  r.p.m.  by  field  control.    The  second  would 

call  for  a  125  hp  motor,  250  volts  at  900  r.p.m.  with  a  reduction  to 

300  r.p.m.  by  decreased  voltage.    For  the  combination  it  is  po'ssible 

to  use  various  amounts  of  each  type  of  control,  but  a  125  hp,  250- 

volt  motor  at  600  r.p.m.,  with  field  control  to  900  r.p.m.  and  voltage 

CX>iitrol  to  300  r.p.m.  would  make  a  reasonable  design. 
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The  motor-generator  would  be  the  same  for  all  of  the  three 
motors,  since  high  speed  sets  have  interpole  generators  as  a  rule, 
and  these  will  operate  at  full-load  current  over  wide  ranges  in  volt- 
age. From  a  cost  point  of  view,  we  would  expect  the  motor  with 
field  control  to  be  the  most  expensive,  the  combination  next  and  the 
one  with  voltage  control  cheapest.  It  is  a  well  known  fact  that  the 
ventilation  of  a  motor  decreases  very  rapidly  with  decrease  in  speed 
and,  consequently,  there  is  a  limit  below  which  a  motor  cannot 
carry  full-load  current  continuously.  The  motor  with  field  control 
is  entirely  safe  since  at  one-third  speed  dt  would  take  only  about 
one-third  of  full-load  current;  the  combination  motor  would  take 
about  two-thirds  of  full-load  current  at  the  lowest  speed,  while  the 
motor  with  voltage  control  will  take  full-load  current.  Unless  the 
latter  motor  is  very  liberally  rated  at  full  speed,  it  may  be  necessary 
to  use  a  larger  frame  to  carry  the  rated  current  at  slow  speed,  and 
in  this  case  the  cost  of  the  motors  with  combination  and  with  volt- 
age control  will  be  the  same. 

A  few  percent  difference  in  initial  cost  should  not  be  the  de- 
ciding feature,  for  the  performance,  or,  in  other  words,  the  regu- 
lation, of  the  machine  is  of  much  more  importance.  The  regulation 
is  a  complex  quantity  since  it  includes  the  regulation  of  the  gen- 
erator and  the  motor.  It  is  well  known  that  generators  and  motors 
at  reduced  voltages  have  much  ])oorer  regulation  than  lat  normal 
voltage,  and  also  that  the  regulation  of  moix)rs  by  field  control  is 
nearly  the  same  at  all  speeds.  It  is  seen,  then,  that  the  regulation 
obtained  by  field  control  will  be  best,  and  that  by  voltage  control 
poorest.  If  the  motor  with  field  control  had  six  percent  regulation 
at  maximum  speed,  it  would  have  about  two  or  three  percent  at 
minimum  speed  due  to  the  reduced  current.  If  the  regulation  of 
the  motor  with  combination  control  is  five  percent  at  maximum 
speed,  it  will  be  about  three  percent  at  normal  speed;  then  as  the 
voltage  is  decreased,  the  regulation  will  gradually  become  poorer. 
The  best  regulation  of  the  motor  with  voltage  control  occurs  at 
highest  speed. 

As  would  be  expected,  the  extreme  high  and  low  speeds  are 
seldom  used  for  manufacturing  paper,  and  most  of  the  paper  is 
made  over  the  central  portion  of  the  speed  range.  It  is  seen,  then, 
that  the  regulation  obtained  with  the  combination  control  gives  the 
best  regulation  at  the  average  running  speed,  besides  having  very 
good  regulation  over  the  whole  range.  Although  the  above  consid- 
ered a  speed  range  of  only  3:1,  practically  the  same  reasoning  may 
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be  applied  to  propositions  requiring  a  range  of  7:1,  although  for 
this  range  the  cost  of  motors  for  field  control  becomes  almost  pro- 
hibitive and  the  advantages  of  the  combination  control  become  still 
more  marked. 


Besides  the  starting  apparatus  for  the  motor-generator  set,  the 
control  consists  principally  of  a  panel  for  the  generator  and  ex- 
citer, and  one  for  the  motor  with  the  starting  switches,  relays,  etc. 
It  should  be  possible  to  start,  stop,  speed  up  and  slow  down  the  mo- 
tor from  the  machine  room.  This  may  be  accomplished  entirely 
by  push-button  control  if  desired,  or  buttons  may  be  used  simply 
for  stopping  and  starting,  and  the  field  rheostats  placed  in  the  ma- 
chine room.  The  control  should  be  so  arranged  that  if  the  motor 
is  stopped  and  then  started  by  pus'hing  the  start  button,  the  motor 
will  automatically  come  to  the  speed  at  which  it  was  previously  run- 
ning. The  number  of  operating  speeds  required  depends  principally 
upon  the  speed  range  and  the  type  of  machine.  For  small  speed 
ranges  50  points  are  ample,  while  for  the  larger  ranges  90  to  100  are 
required.  These  points,  instead  of  dividing  the  operating  range  into 
equal  increments,  should  divide  it  into  proportional  or  progressive 
increments  so  that  the  same  percentage  variation  is  obtained  at  the 
upper  limit  as  at  the  lower  limit.  The  speed  of  the  paper  machine 
is  usually  checked  by  taking  the  r.p.m.  of  one  of  the  dryers,  or  the 
lower  calender  roll,  but  a  very  simple  speed  indicator  is  obtained  by 
driving  a  magneto-generator  from  the  main  shaft  and  using  with 
this  a  voltmeter  calibrated  in  feet  per  minute.  This  meter  may  be 
placed  near  the  push  button  so  that  the  speed  can  quickly  be  brought 
to  any  desired  value,  thus  saving  the  time  of  adjusting  and  checking. 

It  should  not  be  understood  frorii  the  preceding  discussion  that 
a  law  can  be  laid  down  stating  the  best  type  of  drive  for  any  given 
machine,  for  there  are  often  many  local  conditions  which  have  to 
be  considered,  and  this  article  aims  only  to  point  out  a  few  of  the 
items  which  should  be  taken  into  consideration. 


BORING  MILL  DRIVE 

J.  HENRY  KLINCK 

IT  IS  not  always  possible  to  make  a  direct  comparison  between 
belt  and  motor-driven  equipments.  As  a  consequence,  items 
of  major  importance  in  the  comparison  of  the  two  methods 
are  often  overlooked  in  splitting  hairs  over  minor  details.  The 
possibilities  of  any  given  application  can  usually  be  analyzed,  as  has 
been  done  with  the  particular  case  given  below,  and  some  very  in- 
teresting comparisons  can  be  made  with  the  data  thus  obtained. 
The  study  of  the  boring  mill  under  consideration  is  used  to  show 
an  actual  example  of  what  has  been  done  in  practice. 

The  ordinary  method  of  changing  the  speeds  of  machine  tools 
by  shifting  belts  on  the  various  steps  of  cone  pulleys,  has  mechanical 
limitations  which  render  it  unsuitable  for  use  where  many  steps 
are  required  over  a  considerable  range.  The  use  of  what  is  called 
a  speed  box  in  connection  with  the  cone  pulley  is  of  considerable 
assistance  in  such  cases.  The  speed  box  consists  of  a  group  of 
gear  trains  and  clutches,  the  combination  of  gears  in  action  at  a 
given  time  depending  on  the  particular  clutch  then  in  service.  In 
the  tool  under  consideration,  Fig.   i,  the  speed  box  contains: — 

Two  shafts. 

Six  gears,  two  with  sleeves. 

One  douhle  end  chitch. 

Two  single  end  chitches. 

Two  sleeves. 

Four  .bearings  for  the  shafts  and  gears. 

Two  clutch  levers,  with  supports,  supporting  pins,  clutch  blocks, 

latch  pins  and  other  accessories. 
These  parts  are  so  assembled  that  it  is  possible  by  means  of 
clutches  to  obtain  four  changes  in  speed,  the  ratings  being: — 

Clutch  I — I  to    I. GO 

Clutch  2 — I  to    2.25 

Clutch  3—1  to    5.00 

Clutch  4—1  to  12.50 

On  the  belt-driven  mill,  shown  in  Fig.  i,  the  relation  between 

the  diameters  of  the  cones  on  the  four-step  cone  pulley  is  such  that 

the  speed  increment  is  about  25  percent  for  each  step.     This  gives 

the   following  possible  changes  in  speed  of  the  boring  mill  table 

by  shifting  the  belt  on  the  cone  pulley  alone: — 

Step  I — I  to  1. 00 
Step  2 — I  to  1.25 
Step  3—1  to  1.55 
Step  4 — I  to  1.95 
This  may  be  done  in  connection  with  any  of  the  four  gear 
combinations  in  the  speed  box.     The  total  number  of  independent 
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speeds  which  can  be  obtained  is,  therefore,  sixteen.    These  are  ap- 
proximately as  shown  in  Table  I.    This  table  shows  that  the  speed 
TABLE  I 

SHOWING   SPEED  RATIOS   WITH    PULLEYS    AND   CLUTCHES 


Belt  Position          ^^f^^ 

Clutch 

Clutch 
3 

Clutch 
4 

Step  I 
Step  2 
Step  3 
Step  4 

1. 00 
1-25 

1.55 
1-95 

2.25 
2.80 

3.6o 

4-50 

5.00 
6.25 

7.75 
9.80 

12.50 
15.50 
19.40 
24.40 

range  obtainable  is  practically  i  to  25.  Any  speed  range  desired 
can  be  obtained,  as  this  feature  is  one  of  design.  An  increase  in 
the  range  will,  of  necessity,  require  a  larger  jump  in  passing  from 


FIG.   I — BELT  DRIVEN   BORING   MILL   WITH   SPEED  CONE 


one  speed  to  another  or  an  increase  in  the  number  of  gears  and 
clutches  used. 

By  substituting  a  constant  speed  motor  for  the  countershaft, 
and  four  pairs  of  gears — eight  in  all — for  the  cone  pulley,  the  same 
changes  in  speed  can  be  obtained,  but  in  place  of  shifting  the  belt 
it  i'S  necessary  to  change  the  gears.  Such  an  installation  is  shown 
in  Fig.  2.  By  thus  doing  away  with  the  cone  pulley,  a  tool  is  ob- 
tained that  can  be  placed  anywhere  in  the  shop  without  reference 
to  any  line  shaft.     This  is  of  particular  advantage  where  crane 
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service  is  available.  The  constant  losses  of  a  belt-driven  transmis- 
sion system  are  eliminated,  as  the  motor  is  running  only  while 
the  tool  is  operating.  The  speed  range  is  identical  with  that  in  the 
belt-driven  tool  and  the  individual  speeds  are  the  same. 

The  use  of  the  speed  box  in  connection  with  a  motor  having 
a  speed  range  of  i  to  i",  is  shown  in  Fig.  3.  This  equipment  is  op- 
erated by  means  of  a  reversing  type  drum  controller  having  16 
running  positions  in  the  forward  and  six  in  the  reverse  direction. 
Each  of  these   is  available   in   combination   with   any  of  the   four 


FIG.    2 — CONST.\NT    SPEED    ELECTKIC    DRIVE   OX    EOKIXG    MILL.       MAIN 
DRIVE    IS    HP,    1 120    R.P.M.    SQUIRREL    CAGE    INDUCTION    MOTOR 


speed-box  ratios.  The  speeds  that  are  possible  with  this  arrange- 
ment are  given  in  Table  II.  On  any  individual  clutch  there  is  thus 
available  a  speed  variation  of  i  to  ^,  in  15  independent  steps,  each 
speed  being  approximately  five  percent  higher  than  the  one  im- 
mediately preceding  it.  By  the  use  of  the  four  clutches,  a  prac- 
tically unbroken  speed  range  of  i  to  25  is  obtained  in  16  steps. 

A  tool  equipped  with  a  motor  having  a  speed  range  of  i  to  ^ 
is  shown  in  Fig.  4.    The  omission  of  the  speed  box  make'^  the  entire 
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mechanism  of   the 


connection  between  the  motor  and  the  driving 
tool  consist  of : — 

Two  shafts 

Four  gears 

One  double  end  clutch 

Two  bearings 

One  clutch   lever  and  accessories 

The  motor  drives  the  main  shaft  either  through  the  interme- 
diate gear,  or  through  the  back  gears,  depending  on  the  position  of 
the  chitch.     With  only  two  mechanical  speed  changes  in  the  ratio 

TABLE  II 

SHOWING    SPEED   RATIOS    WITH     MOTOR    HAVING    SPEED    RANGE    OF    I  :2    AND 
16-POINT  CONTROLLER.   WITH   FOUR  CLUTCHES 


Controller 

Clutch 

Clutch 

Clutch 

Clutch 

Position 

I 

2 

3 

4 

I 

1. 00 

2.25 

5-00 

12.50 

2 

1.05 

2.36 

5.2s 

13.10 

3 

1. 10 

2.48 

5-55 

13.80 

4 

1.15 

2.59 

5-75 

14-30 

5 

1.20 

2.70 

6.00 

15.00 

6 

1.25 

2.81 

6.25 

15.60 

7 

1.30 

2.93 

60O 

16.20 

8 

1.36 

3.06 

6.80 

17.00 

9 

1.42 

3.20 

7.10 

17.70 

10 

1.49 

3.35 

7-45 

18.60 

II 

1.56 

3-51 

7.80 

19.50 

12 

1.64 

3.69 

8.20 

20.50 

13 

1.72 

3.87 

8.60 

21.50 

14 

1.83 

4.11 

9-15 

22.80 

15 

1.92 

4-32 

9.60 

24.00 

16 

2.00 

4.50 

10.00 

25.00 

of  J  to  /  and  /  to  5  there  is  available  a  speed  range  oi  i  to  20  with 
a  motor  speed  range  of  /  to  ^.  Thus  by  the  simple  addition  of  a 
clutch,  a  shaft  and  a  pair  of  back  gears,  the  available  continuous 
range  of  speed  is  increased  from  four  to  twenty  times  normal.  The 
speeds  available  in  this  case  are  given  in  Table  III.  In  this  case 
the  total  speed  range  is  i  to  20  instead  of  i  to  25,  as  in  the  previous 
instances.  The  speeds  obtainable  are,  with  the  single  exception  of 
the  gap  between  the  dutches,  each  one  an  increase  of  ten  percent 
over  the  one  immediately  preceeding.  While  the  table  shows  a 
gap  at  this  point,  in  practice  this  gap  can  be  entirely  eliminaited 
either  by  operating  the  motor  over  a  slightly  greater  range  than  i 
to  2,  or  by  making  the  ratio  of  the  back  gear  combination  slightly 
less  than  i  to  5. 
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While  the  total  number  of  speeds  available  with  a  motor  having 
a  range  of  i  to  ^/  and  no  speed  box,  is  less  than  with  the  combined 
7  to  2  range  motor  and  speed  box,  this  is  in  no  sense  a  detriment 
from  an  operating  standpoint,  as  the  latter  combination  gives  speed 
increments  smaller  than  are  usually  needed  in  practice.  With  the 
I  io  2  motor,  the  speed  increments  are  five  percent,  while  with 
the  I  \o  4  motor  the  increments  are  ten  percent.  The  speed  range 
on  the  average  work  is  from  15  to  30  feet  per  minute.  When  run- 
ning at  20  feet  per  minute,  a  five  percent  increase  in  speed  gives 

TABLE  III 

SHOWING   SPEED   RATIOS   WITH    MOTOR    HAVING   SPEED   RANGE   OF    I  14    AND 
TWO   MECHANICAL   SPEED   CHANGES 


Controller 

Clutch 

Clutch 

Position 

I 

2 
5.00 

I 

1. 00 

1. 10 

5.50 

3 

1.20 

6.00 

4 

1.30 

6.50 

5 

1.40 

7.00 

6 

1.55 

7-75 

7 

I.7J3 

8.50 

8 

1.85 

9-25 

9 

2.05 

10.25 

10 

2.25 

11.25 

II 

2.50 

12.50 

12 

2.70 

13-50 

13 

3.00 

15.00 

14 

330 

16.50 

365 

18.25 

16 

4.00 

20.00 

21  feet,  and  a  ten  percent  increase  gives  22  feet.  It  is  difficult  to 
imagine  actual  operating  conditions  under  which  ten  percent  incre- 
ments will  not  answer  all  requirements;  if,  however,  such  condi- 
tions do  exist,  the  i  to  .?  motor  with  the  speed  box  is  preferable. 
The  general  relation  existing  between  the  dififerent  types  of  equip- 
ment is  as  follows  : — 

The  Belt-Driven  Mill  with  the  speed  box  has  a  speed  range  of 
I  to  25  composed  of  four  independent  series  with  a  variable  ratio 
between  series.  Each  series  consists  of  four  speeds,  with  incre- 
ments of  25  percent,  making  16  speeds  in  all.  The  method  of  con- 
trol is  by  means  of  shifting  belt  or  clutches  separately  or  together. 

The  Constant  Speed  Motor  with  four  sets  of  gears  gives  a 
speed  range  of  /  to  25,  with  the  same  speed  characteristics  as  the 
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belt-driven  tool;  the  change  in  speed  in  this  case  is  affected  by 
changing  gears  or  shifting  clutches  together  or  separately. 

The  I  to  2  Adjustable  Speed  Motor  with  the  speed  box,  gives 
a  speed  range  of  i  to  ^5  in  63  steps.  These  steps  occur  in  four 
series,  corresponding  to  the  four  clutches  of  the  speed  box ;  each 
series  contains  16  speeds  corresponding  to  the  16  controller  notches. 
The  speed  increment  is  five  percent  for  the  first  31  steps,  a  slightly 


FIG.  3 — BORING  MILL  WITH  MOTOR  DRIVE.  2  TO  I  SPEED  RANGE. 
MAIN  DRIVE  15  HP,  625  TO  I25O  R.P.M.  DIRECT  CURRENT  SHUNT 
MOTOR 

larger  increment  on  the  32nd  step,  and  five  percent  for  the  last  31 
steps. 

The  I  to  4  Adjustable  Speed  Motor,  without  the  speed  box 
gives  a  speed  range  of  i  to  20,  consisting  of  one  continuous  series 
of  31  steps  with  ten  percent  increments.  The  method  of  control  is 
by  means  of  a  drum  controller  and  two  clutches,  the  controller 
giving  16  speeds  with  each  clutch. 

There  is  no  dispute  regarding  ease  of  control.  With  the  motor- 
driven  tool  the  operator  can  start  or  stop  the  tool  or  change  the 
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speed  without  having  to  leave  his  working  position,  except  to  throw 
the  clutches. 

The  illustrations  here  given  show  standard  equipments  made 
by  the  Niles  Tool  Works.  Each  motor-driven  mill  of  this  type  has 
a  motor  mounted  on  top  for  raising  and  lowering  the  crosshead. 
On  the  belt-driven  mill  the  position  of  the  crosshead  is  adjusted 
by  means  of  a  belt,  but,  as  shown  in  Fig.  i,  there  are  pads  for 
the  application  of  a  bracket  should  it  be  desired  to  convert  the  mill 


FIG.    4 — BORING    MILL    WITH     MOTOR    DRIVE,    4    TO     I     SPEED    RANGE. 
MAIN     DRIVE     12.5     HP,    4OO-160O    R.P.M.         INTERPOLE    MOTOR 


to  motor  drive  at  a  future  time.  Practically  all  modern  heavy  belt- 
driven  tools  are  provided  with  pads  of  this  kind  upon  which  to 
miount  the  motors,  so  that  the  change  to  motor  drive  can  easily 
be  made. 


M' 


MOTORS  FOR  DRIVING  THE  MAIN  ROLLS 
OF  STEEL  MILLS 

BRENT  WILEY 

R.  JULIAN  KENNEDY,  one  of  the  foremost  steel  mill  en- 
gineers, has  said,  "The  success  of  the  steel  industry  in  the 
past  has  depended  upon  push,  energy  and  daring;  but  in 
the  future  it  will  depend  upon  the  economies  and  refinements  of 
the  art." 

One  of  the  most  important  matters  now  receiving  the  consid- 
eration of  steel  manufacturers  is  the  question  of  reduction  of 
power  costs ;  for,  while  the  cost  of  power  for  rolling  steel  is  only 
a  small  percentage  of  the  total  cost  of  its  manufacture,  the  aggre- 


FIG.     1—3200     HP    AND    650     HP     MOTORS     DRIVING     MAIN     ROLLS     OF     I8-INCH 
MERCHANT    MILL,    SHOWN    IN    FIG.    7 

gate  cost  of  fuel  represents  a  large  amount,  due  to  the  exceedingly 
large  tonnage  of  the  mills. 

There  are  two  efficient  methods  of  accomplishing  a  reduction 
of  power  costs  : — 

First,  by  the  installation  of  gas  engines  using  blast-furnace 
gas,  connected  to  drive  electric  generators. 

Second,  by  the  installation  of  low-pressure  steam  turbines  op- 
erating on  exhaust  steam  from  the  mill  or  other  power  engines,  for 
driving  electric  generators. 

It  is  not  practical  to  connect  the  gas  engine  or  the  exhaust  tur- 
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bine  direct  to  the  rolling  mill,  but  the  best  solution  is  to  transmit 
by  means  of  electricity  the  cheap  power  thus  obtained.  This  re- 
quires motor  drive  on  the  main  rolls.  In  some  cases,  especially 
with  small  plants,  the  advantages  of  this  form  of  cheap  powxr  for 
supplying  electric  drive  to  the  auxiliary  apparatus,  are  sufficient  to 
w^arrant  the  extra  first  cost,  even  to  the  extent  of  abandoning  the 
old  engine-driven  power  apparatus. 

The  advantages  of  electric  drive  are :  constant  and  regular 
torque ;  more  reliable  drive,  less  breakage  of  couplings,  pinions,  etc. ; 
less  room  required,  by  reason  of  absence  of  boilers,  pipes,  etc. ;  easy 
adaptation  of  motors  to  mill;  easy  distribution  of  power  by  means 
of  electric  cables,  instead  of  steam  or  gas  pipes ;  easy  and  simple  con- 
trol of  the  power ;  centralized  power  generation ;  less  labor ;  lower 
fuel  costs ;  less  oil  and  other  stores,  and  the  use  of  gas  engines  of 
medium  size  in  the  power  station.     In  addition,  the  output  may  be 


-ate — ><487.5  r.p.m. 
FK;.     2 — SKELP     MILL.     NATIONAL     TUBE     CO.,     LORAIN,     OHIO 


increased  at  times  on  account  of  the  economical  speed  variation 
that  can  be  obtained  with  motors,  where  it  is  desired  to  finish  the 
light  material  at  a  higher  speed  than  the  average  product.  Alter- 
nating-current motors  can  be  designed  with  windings  for  two  speeds, 
and  sometimes  two  units  with  cascade  connections  are  used  to  give 
the  required  speed  changes. 

Electric  drive  for  the  main  rolls  of  steel  mills  has  also  a  great 
many  advantages  that  cannot  be  capitalized  directly  but  which  will 
be  very  effective  in  the  furthering  of  this  comparatively  recent  de- 
velopment. One  of  the  principal  incidental  advantages  is  the  fa- 
cility afforded  for  obtaining  accurate  records  of  the  power  required, 
such  as  that  shown  in  Fig.  3.  The  exact  operating  conditions  can  be 
definitely  determined  at  any  time  by  means  of  indicating  and  inte- 
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grating  meters.  This  condition  is  quite  in  contrast  with  the  prob- 
lem of  power  readings  for  steam  engine  drive.  The  many  automatic 
and  protective  features  of  the  auxiliary  motor  drives  also  permit  a 
better  arrangement  of  the  mill  and  more  economical  operation  by 
reducing  the  number  of  operators  required. 

During  the  past  four  years  approximately  150  000  hp  in  large 
motor  units  for  the  operation  of  rolls  have  be^n  installed  in  steel 
mills,  including  drives  for  blooming,  billet,  rail,  structural,  universal, 
plate,  wire,  merchant,  re-rolling  and  sheet  mills.  Test  data  from 
these  various  mills  will  do  much  to  advance  the  art  of  rolling.  The 
power  requirements  can  be  studied  in  detail  and  the  reduction  sched- 
ule can  be  worked  out  for  greatest  economy  of  power  and  time. 
Power  instruments  give  indication  of  any  disorder  in  the  mill 
proper,  thus  enabling  the  mill  foreman  to  prevent  excessive  friction 
loads  and  excessive  wear  of  parts  due  to  poor  alignment,  excessive 
thrust  and  bearing  pressure. 


FIG.    3 — GRAPHIC   WATTMETER   CURVE   FOR    I  200   HP    MOTOR   ON    ROLLS    OF   SHEET 
MILL,     SENECA     IRON     AND     STEEL     CO. 

The  question  of  commercial  efficiency  is  the  principal  item  to  be 
considered,  and  it  is  quite  complicated  owing  to  the  fact  that  as 
conditions  vary  greatly  in  different  plants  a  separate  analysis  must 
be  made  of  almost  every  case. 

The  United  States  Steel  Corporation  and  many  other  steel 
companies  are  making  a  careful  study  of  this  particular  subject  in 
order  to  improve  the  economy  of  their  present  works.  In  many 
plants  it  is  not  practicable  to  consider  the  gas-engine  proposition. 
The  number  of  furnaces  may  not  be  sufficient  to  insure  reliable 
operation  or  the  plant  may  not  include  blast  furnaces ;  or  again,  the 
first  cost  of  the  installation  may  be  prohibitive,  being  very  much 
more  expensive  than  a  low-pressure  steam  turbine  equipment  of 
equal  capacity.  On  the  other  hand,  by  the  use  of  the  exhaust  steam 
turbine  taking  steam  from  non-condensing  engines,  an  increase  of 
75  percent  of  the  power  developed  by  the  engine  can  be  obtained 
without  additional  fuel  consumption. 
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The  several  mill  plan  views  shown  give  an  idea  of  different 
mill  arrangements  and  methods  of  drive.  In  several  merchant-mill 
propositions  a  motor  for  each  stand  of  rolls  has  been  considered, 
but  in  every  case  it  has  been  found  best  to  reduce  the  driving  units 
to  two,  from  a  standpoint  both  of  first  cost  and  of  mill  design.  It 
will  be  noted  that  in  the  Indiana  Steel  Company's  merchant  mills 
the  second  motor  is  used  to  drive  the  finishing  pass  only.  In  exist- 
ing merchant  mills,  where  all  of  the  roll  trains  are  connected  to- 
gether and  consequently  all  are  running  at  the  same  speed,  it  will 
often  be  found  advantageous  to  install  a  motor  to  drive  the  last  set  of 
rolls  or  perhaps  the  last  two,  thus  giving  an  opportunity  to  speed 
up  these  rolls  and  thereby  get  the  long  material  out  of  the  mill  more 
quickly.  This  is  especially  true  in  the  smaller  mills  (eight  inches 
to  ten  inches).    The  Illinois  Steel  Company  tried  out  this  scheme  in 


Housing  (  Hcvation  Shown  abovt  Counltr  Shall  ) 


FIG.    4 — SHEET    MILL,    SENECA    IRON    AND    STEEL    CO.,    BUFFALO,    N.    Y. 

Both  top  and  bottom  rolls  of  No.  3  mill  are  driven.  On  other  mills, 
the  bottom  roll  only  is  driven. 

its  Milwaukee  eight-inch  merchant  mill  with  splendid  success,  in- 
creasing the  output  several  percent  due  to  the  more  nearly  continu- 
ous operation  of  the  mill. 

Direct-current  motors  have  been  installed  in  some  cases  in 
order  to  secure  the  advantage  of  speed  variation.  The  present 
tendency  is,  however,  toward  the  exclusive  use  of  alternating-cur- 
rent at  voltages  of  2  200  to  6  600  volts,  at  25  cycles,  three-phase. 
The  lower  frequency  allows  much  cheaper  construction  of  large- 
sized  slow-speed  motors,  while  the  higher  voltages  afford  many 
advantages  in  the  distribution  of  power  in  large  plants.  The  mo- 
tors are  of  the  induction  type  with  phase  wound  secondaries. 

In  estimating  a  motor  for  this  type  of  work  a  load  diagram  of 
the    torque    required    during    a    complete    cycle    of    operations    is 
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first  drawn  up  as  shown  in  Fig.  6.  Such  a  load  diagram  gives  the 
exact  nature  of  the  load  conditions  including  variation  of  load  and 
the  time  element,  and  this  information  is  essential  in  calculating  the 
proper  capacity  of  the  motor  and  the  necessary  fly-wheel  effect  to  be 
included  in  the  system.  The  full  line  in  Fig  6  shows  the  calculated 
load  diagram  for  the  motor  driving  the  main  rolls  of  the  18-inch 
merchant  mill  of  the  Indiana  Steel  Company.  This  motor,  as  shown 
in  Fig.  7,  drives  rolls  for  eight  passes.  The  rolls  of  the  ninth  or 
finishing  pass  are  driven  by  a  smaller  motor  which  develops  ap- 
proximately 660  horse-power  for  twelve  seconds  in  each  20-second 
period.  The  diagram  shows  a  maximum  requirement  of  approxi- 
mately 4  500  horse-power  and  a  minimum  of  less  than  i  000  horse- 
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FIG.    5 — LIGHT    RAIL    MILL,    SOUTH    WORKS,    ILLINOIS    STEEL    CO.,    SOUTH 
CHICAGO,    ILL. 

power  during  each  20-second  period.  Owing  to  the  fly-wheel  efl:"ect, 
the  load  on  the  motor  is  slightly  reduced  or  equalized  as  shown 
by  the  dotted  line.  In  this  particular  case  the  power  required  is  not 
subject  to  extreme  variations,  and  moreover  the  cost  of  power  is 
low.  A  comparatively  low  fly-wheel  effect  was,  therefore,  consid- 
ered advisable.  In  case  the  driving  power  fluctuates  between  wide 
limits  in  very  short  periods,  a  larger  fly-wheel  effect  is  preferable, 
especially  where  the  cost  of  power  is  an  important  item. 

The  motor  is  designed  to  perform  the  work  as  shown  by  the 
estimated  load  diagram  at  a  safe  temperature  rise,  or  in  other 
words,  is  figured  on  an  intermittent  load  basis,  and  thus  the  con- 
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tinuous  rating  given  the  motor  is  really  an  arbitrary  one.  The  de- 
sign of  the  motor  is  made  according  to  the  local  conditions.  For 
instance,  where  rope  drive  is  used,  giving  flexibility  between  the 
motor  and  mill  shaft,  it  is  not  necessary  to  make  the  motor  excess- 
ively strong;  the  speed  can  be  moderate  instead  of  exceptionally 
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FIG.     6 — ESTIMATED    LOAD     CURVE    FOR    3  200     HP     MOTOR 

This  diagram  represents  a  cycle  of  20  seconds  duration  and  continues 
by  repetition. 

Fidl  Line — Load  diagram. 

Dotted  Line — Motor  load  with  fl\--wheel  effect  of  three  million 
pounds  at  one  foot  radius.  Motor  speed  with  184000  lbs. -ft.  torque 
is  91.5  r.p.m.     Slip,  10  percent. 

slow  as  is  generally  the  case  when  the  mill  shaft  is  driven  direct, 
and  the  rope  sheaves  give  opportunity  to  place  the  necessary  fly- 
wheel efl:'ect  outside  the  motor,  a  good  point  where  exceptional 
mechanical  strength  of  motor  is  not  actually  required.  , 

3  200  Hp  Induction  Motor,  650  Hp  Induction  Motor, 

>Phasc.25  Cycles.  6600  Volts.  3-Phast,  25  cycles.  6600 

93.8r.p.m.  Volts,  187.5  r.p.m. 


VertiSlRolIs 


FIG.    7 — EIGHTEEX-INCH    MERCHANT    MILL,   INDIANA    STEEL   CO.,   GARY,   IND. 

The  3  200  horse-power  induction  motor  designed  to  perform 
the  work  indicated  in  Fig.  6  is  illustrated  in  Figs,  i  and  8.  This 
motor  weighs  approximately  300000  pounds  and  has  approximately 
2  500  000  pounds  fly-wheel  efifect  included  in  the  rotor,  which  is  so 
designed  that  additional  weight  can  be  added  to  it  should  additional 
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fly-wheel  effect  be  desirable.     The  illustrations  give  a  good  idea  of 
the  general  mechanical  characteristics  of  the  machine. 

The  primary  (or  stator)  is  of  the  open-slot  type,  wound  with 
form-wound  coils  made  of  rectangular  strap  copper,  thoroughly  in- 
sulated and  impregnated  before  winding.  The  coils  are  supported 
rigidly  at  the  outer  ends  by  means  of  an  insulated  steel  ring  fastened 
to  the  frame  by  a  number  of  strong  brackets.  Means  are  provided 
for  adjusting  the  stator  vertically  and  horizontally  at  right  angles 
to  the  shaft  for  adjusting  the  air  gap,  and  also  for  moving  the 
stator  parallel  to  the  shaft  to  allow  for  inspection  or  repairs. 


FIG.     8 3  200     HP    ROLL     MOTOR,     WITH     STATOR     MOVED    ASIDE    TO    ALLOW 

INSPECTION    OF    ROTOR 


The  slot  construction  of  the  secondary,  while  of  the  partially 
enclosed  type  thus  tending  to  compensate  for  the  effect  of  the  un- 
usually large  air  gap  provided  in  such  motors,  permits  the  use  of  a 
completely  insulated  form-wound  coil.  The  overhanging  tooth  of 
the  laminations  assists  materially  in  retaining  the  fibre  wedge  in 
place.  This  is  of  especial  importance  in  the  secondary  as  it  is  the 
revolving  part.  Band  wires  for  retaining  the  overhung  portions  of 
the  coil  in  place  are  objectionable,  particularly  from  the  standpoint 
of  repairs  when  all  work  must  be  done  in  the  field.  A  sectional  ring 
is  used  in  place  of  band  wire  on  this  machine  as  shown  in  Fig.  8. 
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Thrust  bearings  are  provided  whose  object  is  to  care  for  ordi- 
nary thrusts  due  to  wear  of  coupHng  boxes,  but  not  excessive  thrusts 
due  to  breaking  of  mill  spindle.  To  provide  for  these  thrusts, 
the  rotor  is  sometimes  arranged  to  have  a  lateral  movement  of 
several  inches  without  damage  to  any  part  except  the  holding  bolts 
of  the  thrust  bearings.  Provision  is  made  for  shifting  the  entire 
brush  rigging  with  the  rotor  so  that  the  brushes  will  always  stay 
on  the  collector  rings.  The  thrust  bearings  are  located  at  the  end 
of  the  shaft  opposite  the  coupling  and  are  held  by  two  bolts  which 
are  turned  at  one  place  to  provide  a  breaking  point.  The  bolts 
which    pass   through   the   bearing   pedestal,    together   with    the   bed 


FIG.    9 — 660    HP    KOLL    MOTOR,    OPERATING    FINISHING    ROLLS,    18-INCH 
MERCHANT    MILL 


plates  and  parts,  are  designed  to  withstand  the  breaking  stress  of 
the  holding  bolts  without  injury. 

The  control  outfit  for  this  motor  consists  of  two  identical  three- 
pole,  single-throw,  interlocking  primary  line  switches  with  oil  im- 
mersed contacts,  (one  switch  for  each  direction  of  rotation),  a 
group  of  magnet  switches  with  the  necessary  secondary  resistance 
and  with  current  limiting  relays,  a  reversing  drum-type  master 
switch,  and  shunt  and  series  transformers  for  the  relays.  The  line 
switches  are  so  interlocked  that  only  one  can  be  closed  at  a  time, 
and  neither  can  be  closed  while  the  secondary  switches  are  in  other 
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than  the  off  position,  that  is,  unless  the  secondary  resistance  is  all 
in  circuit.  The  line  switches  can  be  operated  from  the  control  pulpit 
or  from  the  motor  house.  When  the  control  circuit  is  open  in  the 
motor  house  the  master  switch  and  line  switch  operating  mechanism 
in  the  pulpit  are  inoperative.  Should  the  line  switch  be  opened  for 
any  cause,  or  should  the  control  circuit  fail,  all  switches  are  imme- 
diately opened. 

Motors  in  this  service  are  seldom  reversed,  these  cases  arising 
only  where  material  curls  and  tends  to  form  a  collar  or  for  other 
reasons  forms  a  cobble  in  the  rolls.  They  start  with  resistance  in 
the  secondary  circuit.    As  the  speed  increases  this  resistance  is  cut 


FIG    10 TEN-INCH    MERCHANT    MILL,    INDIANA    STEEL   CO.,   GAR\'     IND. 


out  by  means  of  the  magnet  switches,  each  of  which  is  under  the 
control  of  the  master  switch,  but  is  so  connected  as  to  automatically 
limit  the  current  to  a  pre-determined  value  and  also  limit  the  cur- 
rent to  this  same  value  at  any  time  during  starting,  except  that  the 
first  notch  of  the  controller  is  arranged  to  give  sufficient  torque  to 
start  the  motor.  The  motors  are  operated  in  most  cases  with  a  per- 
manent resistance  in  the  secondary  circuit,  and  provision  is  made 
for  adjusting  this  resistance  to  cause  a  slip  suited  to  the  load  con- 
dition. 

Special  provision  must  be  made  for  stopping  large  motors  with 
high  fly-wheel  effect,  otherwise  the  momentum  will  keep  the  rotating 
part  in  motion  for  hours.  Where  direct  current  is  available  it  can 
be  used  to  excite  the  primary  windings  of  the  motor,  and  the  energy 
generated  in  the  secondary  can  be  dissipated  in  resistance.    A  sec- 
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<5nd  method  is  to  reverse  a  phase  of  the  primary  circuit  and  by 
means  of  a  suitable  auto-starter  impress  on  the  primary  about  one- 
half  the  normal  voltage.  The  latter  method,  "plugging"  the  motor 
vi^ith  half  voltage,  will  cause  a  very  quick  stop. 

The  two-speed  motors  noted  in  some  of  the  diagrams  have  two 
windings  on  both  the  primary  and  secondary  and  it  is  possible  with 
such  an.  arrangement  of  windings  to  give  three  speeds,  such  as  120, 
180  and  240  revolutions  per  minute. 


2000  Hp   i-Phase,  25 
Cycle. 
6600  Volts,  2  Sp«i 
5.4  and  !e6.6  r.p.m. 


The  electrification  of  the  rolling  mills  has  just  begun.  There 
is  a  great  field  for  electric  drive  in  the  future  developments  of  the 
iron  and  steel  industries,  and  there  are  other  applications,  such  as 
the  electric  furnace  for  steel  refining,  which  are  sure  to  give  elec- 
tricity a  far  more  important  place  in  these  industries  than  it  has 
held  in  the  past. 


ALTERNATING-CURRENT  ELEVATOR  MOTORS 

W.  H.  PATTERSON 

AN  electric  elevator  motor  must  develop  high  starting  torque 
to  overcome  friction  and  accelerate  the  load.  After  the  ele- 
vator has  been  brought  up  to  speed,  the  torque  required 
for  hoisting  the  car  drops  off  to  less  than  half  that  required  for 
starting,  as  it  is  then  necessary  only  to  overcome  running  friction 
and  hoist  the  load  itself. 

Both  squirrel-cage  motors  having  high  resistance  end  rings  and 
wound  secondary  slip-ring  motors  are  used  for  operating  elevators. 
The  characteristics  of  a  properly  designed  squirrel-cage  induction 
motor  with  high  resistance  end  rings  make  it  especially  adaptable 


FIG.      I — SQUIRREL-CAGE      ELEVATOR      MOTOR,      AXD      HOIST 
MECHANISM 

to  the  service.  Such  a  motor  exerts  its  maximum  torque  at  starting, 
and  as  the  torque  decreases  the  speed  of  the  motor  increases.  The 
motor  can  be  connected  directly  across  the  line  by  means  of  a  simple 
reverse  switch  thereby  replacing  the  more  expensive  controller  and 
resistance  necessary  for  controlling  a  phase-wound  motor.  The 
brushes,  brush-holders  and  collector  rings  of  the  phase-wound 
motor  are  also  eliminated. 

Squirrel-cage  motors  are  used  for  operating  freight  elevators 
having  a  capacity  of  3  000  to  8  000  lbs.  at  speeds  of  from  25  to 
100  feet  per  minute,  and  passenger  elevators  having  a  capacity  of 
I  000  to  3  000  lbs.  at  speeds  of  100  to  150  feet  per  minute.  Owing 
to  the  high  torque  required  at  starting,  the  motor  starts  at  slow 
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speed.  The  acceleration  of  the  car  is  smooth  and  gradual,  not 
jerky,  although  full  voltage  is  at  once  impressed  upon  the  motor. 

These  motors  will  develop  approximately  double  full-load 
torque  at  starting,  with  approximately  2.5  times  full-load  current. 
To  obtain  high  starting  torque  with  low  current  at  the  start  re- 
quires high  resistance  end  rings,  which  in  turn  produce  a  large  slip. 
It  has  been  found  by  experience  that  the  best  results  are  secured 
by  a  slip  of  as  high  as  20  percent. 

A  typical  performance  curve  of  a  high  resistance  end  ring 
squirrel-cage  cage  motor  for  elevator  service  is  shown  in  Fig.  2. 
This  curve  indicates  a  full-load  power-factor  of  80  percent  and  a 
full-load  efficiency  of  71  percent.  While  the  apparent  efficiency  of 
these  motors  is  low  they  should    not  be    coirpared    with  constant 


FIG.      2 — CHARACTERISTIC     CURVES      OF      SQUIRREL-CAGE 
ELEVATOR     MOTOR 

speed  motors,  as  the  possible  variations  in  efficiency  of  the  elevators 
themselves  are  very  great  due  to  the  friction  of  the  gears  and  cables 
on  the  drum,  etc.,  and  efficiency  is,  therefore,  not  an  important 
feature  in  an  elevator  motor.  The  apparent  efficiency  of  squirrel- 
cage  elevator  motors,  however,  when  compared  with  slip-ring  ele- 
vator motors  is  very  good. 

The  starting  torque  of  these  motors  equals  their  pull-out  torque, 
as  shown  on  the  curve,  so  that  they  exert  their  maximum  torque 
when  required  in  elevator  service,  i.  e.  at  starting.  This  is  a  very 
important  feature  in  the  choice  of  an  elevator  motor.    If  the  resist- 
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ance  of  the  rotor  is  low  enough  that  the  starting  torque  is  less  than 
the  pull-out  torque,  the  efficiency  will  be  slightly  improved,  but  the 
motor  will  not  start  as  heavy  loads;  moreover,  as  the  required 
torque  decreases  after  starting,  the  motor  torque  increases,  causing 
a  very  sudden  and  disagreeable  acceleration. 

The  power-factor  at  starting  varies  from  70  to  80  percent  and 
the  full-load  power-factor  from  80  to  83  percent.  The  high  power- 
factor  at  starting  is  a  very  desirable  feature  as  the  power-factor  of 
the  ordinary  squirrel-cage  induction  motor  at  starting  is  from  55  to 
60  percent.  The  simplicity  and  performance  of  the  high  resistance 
end-ring  motor  makes  it  an  excellent  source  of  power  for  elevator 
service. 


FJ(,.       ,;       W"'    \l>-SECONDARY      ELEVATOR      MOTOR,      AND 
HOIST    MECHANISM 

Squirrel-cage  elevator  motors  are  made  in  sizes  up  to  a  maxi- 
mum of  eighteen  horse-power,  this  being  the  practical  limit  in  size 
of  these  motors  owing  to  the  starting  current.  Elevators  requiring 
larger  motors  are  ordinarily  for  higher  speeds,  which  involve  a 
longer  period  of  acceleration,  thus  necessitating  a  wound  rotor  with 
external  resistance  in  the  secondary.  The  rate  of  cutting  out  this 
resistance  and  thus  accelerating  the  motor  may  be  regulated  at  the 
controller. 

The  wound-secondary  induction  motor  has  high  starting 
torque  characteristic  and  speeds  satisfactory  for  operating  ele- 
vators of  all  capacities  up  to  a  maximum  speed  of  250  feet  per 
minute.    Elevators  operating  at  higher  speeds  are  practically  always 
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two  speed  machines  and  this  feature  immediately  ehminates  the  al- 
ternating-current motor  from  a  practical  standpoint,  as  with  any 
given  amount  of  resistance  inserted  in  the  rotor  circuit  the  speed 
will  vary  with  the  load.  Thus,  on  high  speed  elevators  running  from 
250  to  600  feet  per  minute,  direct  current  motors  are  always  used. 
Another  feature  that  limits  the  use  of  alternating  current  to  eleva- 
tors operating  at  speeds  of  not  over  250  feet  per  minute  is  that  in 
order  to  accomplish  dynamic  breaking  of  an  induction  motor  for 
automatically  slowing  down  the  elevator  car,  a  small  motor-genera- 
tor set  is  necessary  to  supply  direct-current  excitation  to  the  pri- 
mary. Therefore  in  driving  all  modern  high  speed  electric  elevators 
direct-current  motors  are  used. 

A  typical  per- 
formance curve  of  a 
wound  secondary  mo- 
tor for  elevator  ser- 
vice is  shown  in  Fig.  4. 
These  motors  will  de- 
velop approximately 
twice  full-load  torque 
with  about  twice  full- 
load  current.  Prac- 
tically all  alternating- 
current  elevator  mo- 
tors are  rated  for 
continuous  operation 
at  full  load  for  one- 
half  hour  with  a  tem- 
perature rise  not  exceeding  55  degrees.  This  is  the  standard  adopted 
by  the  American  Institute  of  Electrical  Engineers.  This  nominal 
rating  is  of  slight  importance,  however,  unless  the  characteristics  of 
the  motor  are  such  that  a  large  starting  torque  is  produced.  For 
example,  assume  an  elevator  having  a  net  load  of  i  900  lbs.  running 
at  a  speed  of  no  feet  per  minute: — 
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POINTS 


TT    __Lbs.  Load  x  Ft.  per  Min. 

P        33  000  X  Eff.  of  Elevator  Mech. 


=  12.6 


33  000  X  0.50 

The  assumed  elevator  efficiency,  50  percent,  is  that  generally 
used  by  all  elevator  manufacturers.  Assuming  a  full-load  speed  of 
720  r.p.m.  for  the  motor  : — 

Hp  X  5  250 12.6  X  5  2.S0 

~  720 


=  92  Lbs. 


Full  Load  Torque  =  r  p  j^j 
It  is  a  safe  assumption  that  the  maximum  torque  at  starting 
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equals  twice  full-load  torque,  or  184  pounds,  so  that  a  motor  should 
be  selected  that  would  have  a  starting  torque  at  least  equal  to  184 
pounds.  After  selecting  a  motor  in  this  manner  the  service 
conditions  should  always  be  considered  to  make  sure  that  the  opera- 
tion is  not  continuous  enough  to  cause  the  motor  to  overheat. 

CONTROLLER 

As  stated  above  squirrel-cage  motors  of  the  type  described  re- 
quire no  controller,  as  they  are  connected  directly  across  the  line. 
A  drum  type  reversing  switch  of  the  type  shown  in  Fig.  5  is  used  to 
control  the  direction  of  rotation.  The  mechanism  is  contained  in  a 
cast  iron  frame  and  protected  by  a  sheet  metal  cover.  The  drum 
contacts  and  the  fingers  are  provided  with  arc  shields.  The  drum 
is  operated  by  a  hand  rope  or  lever  in  the  elevator  car. 

A  most  successful  controller  for  use  with  polyphase  slip-ring 
elevator  motors  is  shown  in  Fig.  6.    Every  operation  is  performed 

by  this  mechanism  in  a  positive 
manner. .  The  operator  has 
3  complete  control  over  the  start- 
ing and  stopping  of  the  motor, 
while  the  acceleration  is  per- 
formed automatically  at  a  rate 
that  can  be  adjusted  over  a 
wide      range      at      the      con- 

FIG.    5 — REVERSIXG    SWITCH    FOR    SQUIRREL  ^ 

CAGE  ELEVATOR  MOTOR  trollcr  but  canuot  be  altered  by 

any  action  of  the  operator  in  the  car.  Any  part  of  the  controller 
is  accessible  from  the  front  and  all  the  parts  subject  to  wear  can 
be  readily  replaced.  The  electric  contacts  are  of  the  quick-break 
butt  type  and  are  protected  by  arc  shields ;  there  are  no  sliding  con- 
tacts. All  automatic  operations  are  performed  by  the  force  of 
gravity. 

The  controller  consists  of  a  slate  panel  on  which  are  mounted 
two  rows  of  switches  and  their  operating  mechanism.  The  switches 
of  the  upper  row  serve  to  connect  the  motor  primary  with  the  line, 
and  those  of  the  lower  row  short-circuit  the  resistance  in  series 
with  the  motor  secondary.  All  switches  are  alike  and  interchange- 
able, five  primary  switches  being  used  for  a  three-phase  and  six  for 
a  two-phase  controller. 

The  switches  are  opened  and  closed  by  cams.  In  closing,  each 
cam  acts  on  its  own  switch  through  a  buffer  spring  which  serves  as 
a  cushion  and  also  compensates  for  wear.    In  opening,  a  lug  on  th^ 
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cam  engages  a  projection  on  the  switch  arm  and  forces  the  switch 
open.  The  movement  of  a  hand  rope  or  lever  in  the  elevator  car 
operates  a  sprocket  attached  to  the  primary  cam  shaft.  A  turn 
of  this  shaft  from  the  off  position  closes  the  primary  switches,  start- 
ing the  motor,  and  simultaneously  releases  a  catch  and  allows  a 
weight  attached  to  an  arm  geared  to  the  secondary  cam  shaft  to 
fall.  The  weight  arm  rotates  the  secondary  cam  shaft  and  closes  the 
secondary  switches  in  proper  order.    The  fall  of  the  weight  is  re- 


FIG.    6 CONTROLLER    FOR    WOUND-SECONDARY    ELEVATOR 

MOTOR 

tarded  by  a  dash-pot,  the  piston  speed  of  which  can  be  so  adjusted 
by  means  of  a  valve  that  proper  acceleration  can  be  given  to  the 
motor.  Turning  the  primary  cam  shaft  in  the  opposite  direction 
closes  the  other  set  of  primary  switches  and  reverses  the  direction 
of  rotation  of  the  motor,  the  secondary  switches  always  closing  in 
the  same  order.  On  turning  the  controller  to  the  ofif  position  the 
secondary  switches  are  opened,  the  weight  is  raised  and  set  ready 
for  the  next  operation,  and  the  primary  switches  are  opened. 


MOTOR  DRIVE  IN  LAUNDRIES 

R.  D.  NYE 

THE  application  of  electric  motor  drive  to  laundry  power  work 
presents  a  broad  and  interesting  field.  The  development 
of  the  steam  laundry  has  been  so  rapid  that  the  attention 
of  those  working  in  the  field  seems  to  have  been  centered  heretofore 
almost  entirely  on  producing  machinery  and  carrying  on  the  business. 
For  this  reason,  possibly,  the  advantages  of  motor  drive  have  been 
overlooked,  so  that  in  the  majority  of  plants  to-day  the  various 
machines  are  driven  by  an  engine  connected  to  them  through  many 
shafts  and  belts. 

To  the  manager  of  the  plant  using  this  method  of  drive  the  in- 
stallation of  a  generator  and  motors  to  replace  the  old  system  which 
is  performing  the  work  in  an  apparently  satisfactory  manner  gener- 
ally seems  an  unwarranted  expense.  If  such  plants  can  purchase 
the  necessary  electric  power,  the  motors  alone  can  be  installed  at  a 
much  lower  cost,  due  to  elimination  of  the  generating  ecjuipment. 
They  thus  secure  the  advantages  of  electric  drive,  and  quite  often 
they  also  secure  the  power  to  run  the  plant  at  a  lower  cost  than  the 
total  actual  cost  of  generating  it  themselves. 

Almost  every  town  which  is  large  enough  to  justify  central 
station  day  service  has  a  power  driven  laundry,  and  wherever  these 
two  are  found  together  the  mutual  advantages  of  the  electric  drive 
should  be  realized.  The  problems  to  be  solved  in  introducing  the 
drive  into  such  plants  are  interesting,  because  of  the  close  figuring 
which  must  be  done,  and  the  conclusive  proofs  which  must  be  pre- 
sented by  the  central  station  power  solicitor  or  the  motor  manufac- 
turer's representative,  to  justify  the  expense  of  a  change  from  the 
old  system  of  steam  or  gas  engine  drive.  Of  course  each  case  will 
present  special  problems  and  this  article  will  attempt  to  cover  only 
such  points  of  interest  as  are  generally  common  to  all  such  cases. 

The  first  question  which  always  arises  when  undertaking  to  lay 
out  a  plant  is  where  and  how  to  apply  the  power.  A  great  number 
of  combinations  are  possible  in  any  plant,  ranging  from  one  large 
motor  to  a  number  of  smaller  motors.  The  expense  of  a  large  num- 
ber of  motors  or  of  individual  drive  can  be  justified  only  by  reduced 
power  consumption  or  labor  charges  or  by  increased  output.  When 
it  is  borne  in  mind  that  all  individual  motors  for  laundry  machines 
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are  small  and  that  the  efficiency  of  such  units  is  comparatively  low, 
it  is  evident  that  larger  motors  of  higher  efficiency,  when  arranged 
to  drive  groups  of  machines  which  must  be  operated  at  the  same 
time,  will  afford  as  efficient  an  installation  as  individual  drive,  and 
will  be  cheaper. 

The  question  of  grouping  depends,  of  course,  upon  the  relative 
location  of  the  machines  and  the  amount  of  shafting  required  to 
drive  them.  A  good  example  of  an  efficient  group  is  shown  in  Fig. 
I,  where  a  two  horse-power  motor  is  driving  a  set  of  shirt  ironing 
machines  and  blower,  which,  if  individually  driven,  would  require 
a  larger  total  amount  of  power.     There  would  be  no  advantage  in 

individual  drive  here,  because 
a  piece  of  work  passes 
through  each  of  these  ma- 
chines in  order,  and  hence  the 
I  'peration  of  any  one  depends 
upon  all  the  others.  The 
sliafting  in  laundries  is  also 
of  light  weight  and  operates 
at  low  speeds,  so  that  the 
amount  of  power  consumed  in 
k' ,  I  '•  i^    A\  /  ifBll   I   11    r    <'''i^'i"g  it  is  small. 

■L'    ■  _       ^MtiiBw  7  ?ll  r— 1    ■  ^^  this  point  it  is  well  to 

l)ear  in  mind  the  three  main 
divisions  of  the  work,  namely, 
washing,  drying  and  ironing. 
A  number  of  the  washers  are 
generally  installed,  some  of 
which  are  used  all  the  time 
and  the  balance  are  held  in  re- 
serve for  the  rush  days  of  the 
week.  Also  one  or  more  cen- 
trifugal extractors  will  be  in 
use  all  of  the  time  and  others  held  in  reserve,  in  connection  with  the 
washing  machines.  These  extractors  generally  require  two  or  three 
times  the  amount  of  torque  to  start  them  that  is  necessary  to  run  them 
when  up  to  speed,  and  often  the  starting  torque  requirement  de- 
termines the  size  of  motor  when  individual  drive  is  used.  Inas- 
much as  the  extractors  must  always  run  in  connection  with  the 
washers,  a  grouping  of  two  or  more  w^ashers  and  an  extractor 
works  out  very  well.     Such  a  group  is  shown  in  Fig.  2  where  three 


FIG.  I — Gkdll'  oi-  SHIRT  IRONING  MA- 
CHINES AND  BLOWER,  DRIVEN  BY  A  TWO 
HORSE-POWER    MOTOR 
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36  by  54-inch  washers  and  a  26-inch  extractor  are  all  driven  by  one 
five  horse-power  i  120  r.p.m.  motor,  the  extractor  being  located  at 
the  far  end  of  the  line  of  washers  and  not  shown  in  the  photograph. 
The  five  horse-power  motor  takes  care  of  this  group  of  machines 
very  well  and  actual  test  shows  that  it  carries  a  slight  overload  only 
at  the  time  of  starting  the  extractor,  whereas  a  7.5  horse-power 
motor  was  specified  originally  for  this  group  on  the  basis  of  the 
amount  of  power  required  by  each  machine.  Three  such  groups, 
each  consisting  of  three  washers  and  an  extractor,  are  in  use  in  this 


FIG.     2 — FIVE     HORSE-POWER     MOTOR     DRIVING     THREE     36     BY     54-INCH 
WASHERS    AND    A    26-INCH    EXTRACTOR 

laundry.  One  of  these  groups  takes  care  of  the  average  amount 
of  work,  while  all  three  are  in  use  on  Mondays  and  Tuesdays  or 
whenever  work  demands. 

Another  arrangement  which  can  be  used  at  times  in  the  wash- 
ing division,  is  to  install  a  motor  with  two  pulleys,  one  of  which 
drives  such  machines  as  are  in  ordinary  use,  while  the  other  is  idle 
except  on  rush  days.  Such  an  arrangement  should,  of  course,  be 
laid  out  to  give  an  average  minimum  load  on  the  motor  of  at  least 
50  percent  of  its  full  rating. 

It  will  be  noted  that  the  grouping  of  machines  in  the  washing 
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division  makes  possible  the  use  of  the  momentary  overload  capacity 
of  the  larger  motor  to  start  the  extractor.  The  ordinary  two-hour 
overload  capacity  of  the  motor  may  also  be  counted  upon  at  times 
to  run  the  extractor  for  the  twenty  to  thirty  minutes  necessary  for 
each  charge  of  clothes. 

The  application  of  motors  to  the  operation  of  drying  is  gen- 
erally a  simple  one,  as  the  dryers  are  usually  self-contained  and  all 
that  is  required  is  to  apply  the  proper  size  motor  to  the  driving  shaft. 
In   a   well   arranged   laundry   the    starching   and   starch   extracting 


FIG.    3 — DRY    ROOM    TUMBLING    MACHINE    AND    STARCH    EXTRACTOR,    DRIVEN 
BY  A  THREE   HORSE-POWER  MOTOR 

machines  are  driven  in  connection  with  the  dryers,  as  these  opera- 
tions are  carried  on  together  and  at  times  are  continuous.  A  dry 
room  tumbling  machine  and  a  24-inch  starch  extractor,  driven  in  a 
group  by  a  three  horse-power  i  120  r.p.m.  motor  is  shown  in  Fig.  3. 
The  ironing  division  of  the  work  ordinarily  presents  the  great- 
est complications  on  account  of  the  numerous  machines  used.  Here 
the  use  of  individual  drive  may  work  out  well.  The  large  mangles 
for  the  flat  work  -frequently  must  be  run  overtime  and  must  be 
pperated  at  various  speeds,  sp  that  the  expense  of  an  individual 
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drive  is  justified.  A  speed  adjustment  of  2  to  j  will  generally  take 
care  of  requirements  in  this  respect  and  can  easily  be  secured  with 
either  alternating  or  direct-current  motors.  When  a  system  of  cone 
pulleys  is  already  installed  to  give  various  speeds,  a  constant  speed 
motor  can  sometimes  be  used  and  the  initial  cost  of  the  installation 
materially  reduced.  The  collar  and  cufif  mangle  can  usually  be 
driven  by  a  small  constant  speed  motor  and  here  again  individual 
drive  is  advisable  to  make  the  operation  of  this  machine  independent 
of  the  other  apparatus.     The  shirt  ironing  machines  which,  as  re- 


FIG.   4 — IRONING    MACHINES    WITH    INDIVIDUAL    DRIVE 


ferred   to  above,  must  be   operated   together,   can  be   conveniently 
driven  in  a  group  by  one  motor  as  illustrated  in  Fig.  i. 

An  individual  drive  in  the  ironing  division  is  particularly  de- 
sirable in  order  to  eliminate  overhead  belting  and  thus  secure  clean 
and  light  conditions.  Fig.  4  indicates  what  good  results  can  be  had 
by  such  a  layout.  In  this  division  overhead  belts  may  be  eliminated 
at  times  on  the  group  drives,  by  hanging  shafting  beneath  the  floor 
3nd  driving  up  to  the  machines  in  the  group.     Overhead  group 


MOTOR  DRIVE  IN  LAUNDRIES 


165 


drive  may,  however,  be  required,  and  the  mangles  can,  of  course, 
be  so  driven.  A  three  horse-power,  i  120  r.p.m.  motor,  driving  a 
group  consisting  of  100-inch  and  66-inch  mangles  and  a  steam  col- 
lar mangle,  is  shown  in  Fig.  5. 

The  application  of  motors  to  the  other  apparatus  about  the 
laundry  plant  does  not  present  any  difficulties,  with  the  possible 
exception  of  the  necessity  of  reducing  from  high  motor  speeds  to  the 
low  speeds  of  driven  shafting.  Gearing  is  objectionable  on  account 
of  the  noise  and  wear.  At  times  grooved  pulleys  and  round  belts 
may  be  used  very  satisfactorily.  Such  an  installation  is  illustrated 
in  Fig.  6,  which  shows  a  one-half  horse-power,  i  700  r.p.m.  motor 


FIG.    5 — THREE    HORSE-POWER    MOTOR    DRIVING    lOQ-INCH    AND    66-INCH 
MANGLES,    AXD    A    STEAM    COLLAR    MANGLE 


driving  by  means  of  four  round  belts  a   112  r.p.m.  pulley  on  the 
agitator  in  the  chemical  tank  of  a  water  softening  outfit. 

Some  laundry  operators  seem  to  hold  the  opinion  that 
alternating  current  is  not  satisfactory  for  driving  their  appa- 
ratus. This  is  probably  due  to  the  fact  that  in  some  of  the  first 
plants  that  were  equipped  with  motor  drive,  small  direct-current 
generators  were  belted  to  the  engines  and  direct  current  was  used 
throughout.  In  such  cases,  no  doubt,  the  direct-current  system 
applies  very  well,  because  of  the  small  capacity  of  the  generating 
and  motor  equipment  required.    Squirrel-cage  motors  are  in  general 
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superior  to  direct-current  motors  for  laundry  work,  in  that  they 
have  no  commutator  or  sliding  contacts,  and  alternating-current 
service  should  be  selected  whenever  possible.  This  is  particularly 
true  in  the  washing  department  where  with  direct  current  it  is  at 
times  necessary  to  use  an  entirely  enclosed  motor  on  account  of 
the  moisture. 

Laundry  operators  are  at  times  slow  to  accept  suggestions  or 
recommendations  from  the  representatives  of  central  stations  or 
motor  manufacturers,  feeling  that  they  can  look  only  to  the  manu- 


FIG.  6 — CHEMICAL  TANK  OF  WATER  SOFTENING  OUTFIT,  DRIVEN  BY  A 
ONE-HALF  HORSE-POWER  MOTOR  WITH  GROOVED  PULLEY  AND  SOUND 
BELTS 

facturers  of  their  laundry  machines  for  information  as  to  size  of 
the  motors  and  layout  of  their  plants.  This  is  probably  a  natural 
feeling,  inasmuch  as  the  development  of  the  laundry  business  has 
depended  to  a  large  extent  upon  the  designing  of  the  machinery  to 
carry  on  the  processes,  and  the  machinery  manufacturers  are  the 
pioneers  in  this  field.  Whenever  the  power  solicitor  finds  this  feel- 
ing, it  is  necessary  to  use  special  effort  to  demonstrate  by  references 
that  the  driving  of  the  plant  with  motors  is  a  problem  by  itself,  and 
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that  this  problem  can  be  solved  best  by  the  power  expert  who  is  on 
the  ground  and  can  look  the  plant  over  with  respect  to  layout,  ar- 
rangement of  shafting,  grouping  of  machines,  etc.  The  power 
expert  on  the  ground  can  also  install  temporary  motors,  if  advis- 
able, and  make  tests  to  determine  the  exact  size  of  machine  required 
for  any  particular  drive,  and  thus  the  proper  size  motors  can  be 
secured,  which  is  not  always  the  case  if  the  installation  is  made  on 
the  basis  of  general  recommendations. 

The  chief  point  to  be  settled  between  the  laundry  man  contem- 
plating the  installation  of  motors  on  central  station  power  and  the 
power  solicitor  will  no  doubt  be  the  cost  of  the  power.  The  laun- 
dry man  is  apt  to  believe  that  inasmuch  as  he  must  have  steam  for  the 
laundry  work,  he  may  as  well  run  the  steam  through  an  engine,  thus 
"getting  his  power  for  nothing,"  and  use  the  exhaust  throughout 
the  plant.  This  question  of  cost  of  power  is  such  a  wide  and  in- 
definite one  that  it  cannot  be  discussed  here  except  to  mention  that 
experience  shows  that  many  laundries  are  now  purchasing  power 
and  find  it  most  satisfactory.  One  proprietor  who  recently  installed 
an  alternating-current  motor  equipment  after  several  years  experi- 
ence with  the  old  system  of  drives,  states  that  he  "would  not  take 
an  engine  again  if  someone  would  ofifer  to  give  it  to  him." 


MOTOR  DRIVE  IN  POTTERY  AND  TILE 
MANUFACTURIES 

A.  E.  RICKARDS 

THE  manufacturers  of  pottery  and  enameled  decorative  floor 
and  mantel  tile  have,  as  a  class,  been  slow  to  look  into  the 
question  of  motor  drive  for  their  apparatus,  especially  in 
connection  with  purchased  power,  as  the  use  of  exhaust  steam  in 
the  dry  rooms  has  been  considered  as  outweighing  all  other  con- 
siderations. The  nature  of  the  \TOrk  is  such,  however,  that  indi- 
vidual motor  drive  ofliers  many  advantages,  and  such  installations 
as  -have  been  made  show  decided  savings,  accompanied  by  an  in- 
crease in  output.  The  use  of  belts  and  line  shafting  in  factories 
of  this  type  is  especially  disadvantageous,  on  account  of  the  fine 
clay  powder  which  fills  the  air  and  collects  on  belts  and  pulleys, 
works  into  the  hanger  bearings,  etc.,  producing  excessive  belt  slip- 
page and  large  friction  losses.  Considerable  difficulty  is  quite  gen- 
erally experienced  in  keeping  the  machinery  at  proper  speed  on 
full  load,  and  the  output  of  the  plant  is  in  many  installations  limited 
on  acco'unt  of  the  belt  slippages.  The  introduction  of  individual 
motor  drive  will,  in  such  cases,  increase  the  output  of  the  factory 
by  ten  to  thirty  percent  without  any  other  increase  in  factory  equip- 
ment, extra  floor  space  or  increased  labor. 

In  making  tile,  the  dry  process  is  used.  That  is,  the  material 
when  pressed  into  the  moulds  is  a  fine  dry  powder.  In  the  wet 
process,  used  in  the  manufacture  of  pottery,  the  material  is  in  the 
form  of  a  wet  clay  when  moulded  into  its  final  shape.  The  initial 
preparation  of  the  raw  material,  however,  is  identical  in  the  two 
processes. 

The  material  from  which  both  tile  and  pottery  are  made  con- 
sists of  a  mixture  of  flint,  feldspar  and  clay.  A  charge  of  these 
substances,  weighing  about  4  000  pounds,  is  thoroughly  mixed  with 
sufficient  water  to  give  it  the  consistency  of  heavy  cream  in  a  large 
tank  called  a  "blunger  mill."  The  mixing  is  done  by  means  of 
paddles  revolving  on  a  vertical  shaft,  which  is  direct-connected  to  a 
hoirizontal  driving  shaft  by  means  of  a  bevel  gear.  The  charge  is 
stirred  from  four  to  six  hours  until  a  uniform  consistency  is  se- 
cured. The  "slip,"  as  the  mixture  of  clay  and  water  is  called,  then 
goes  to  a  sifter,  where  a  copper  wire  screen  with  a  mesh  of  100  per 
inch,  oscillating  at  about  400  times  per  minute,  removes  all  lumps, 
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pebbles  or  foreign  matter,  but  allows  the  slip  to  pass  into  a  storage 
cistern  called  an  "agitator,"  where  it  is  kept  until  ready  for  use, 
usually  only  a  few  hours.  As  the  flint  and  feldspar  are  insoluble, 
and  would  soon  settle  to  the  bottom  if  left  standing,  a  paddle  is 
rotated  in  the  cistern  at  a  rate  sufficient  to  keep  the  mixture  in  con- 
stant motion. 

The  blungers,  sifters  and  agitators  are  mounted  in  close  prox- 
imity to  eliminate  pumping,  and  are  ordinarily  driven  by  belts  from 
a  hne  shaft.  These  belts  are  very  much  in  the  way,  and,  when  a 
heavy  charge  is  put  in  the  blungers,  the  slippage  is  quite  large,  caus- 


FIG.    I — TWO   DOUBLE   BLUNGERS    DRIVEN    BY   A    ID    HP,    I  120   R.P.M.    INDUCTION 
MOTOR 

ing  a  decided  reduction  in  the  capacity  of  the  mills.  Direct  motor 
drive,  such  as  shown  in  Figs,  i,  2  and  3,  has  increased  the  output 
by  15  percent  over  that  secured  by  the  use  of  belts  from  the  same 
machines  in  the  plant  illustrated. 

From  the  agitator,  the  slip  is  pumped  into  the  slip  press,  a  rack 
containing  a  number  of  iron  plates,  between  which  are  canvas  sacks. 
The  pressure  from  the  pumps  is  sufficient  to  press  the  greater  part 
of  the  water  out  through  the  canvas,  and  leave  layers  of  the  clay 
deposited  between  the  plates.     These  pumps  which  lift  the  slip  to 
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the  presses  operate  against  very  little  pressure  as  they  start  pumping 
into  the  empty  presses.  As  the  press  gradually  fills,  the  pressure  in- 
creases until  hy  the  time  its  capacity  is  reached  the  pumps  are  op- 
erating at  a  pressure  of  from  loo  to  no  lbs.  With  belt  drive,  un- 
less very  large  heavy  belts  are  used  at  excessive  tension,  the  slip- 
page increases  very  rapidly  with  the  pressure,  increasing  the  amount 
of  power  and  the  time  required  to  pump  a  charge.  With  the  pumps 
shown  in  Fig.  4  driven  by  belts,  45  to  50  minutes  were  required  to 
pump  a  charge  of  one  ton.  With  the  motor  geared  to  the  pumps, 
the  same  work  is  done  in  15  minutes. 

The  clay  at  this  stage  is  moist  and  sticky,  and  is,  by  reason  of 


FIG.    2 — SIFTER,    DRIVEN    BY    A    3    HP,    I   120    R.P.M.    INDUCTION    MOTOR 

the  treatment  it  has  passed  through,  uniform  in  composition  and 
free  from  lumps,  pebbles  or  foreign  material. 

The  processes  in  the  manufacture  of  tile  and  pottery- are  iden- 
tical until  the  wet  clay  is  removed  from  the  'slip  presses.  From  this 
stage  the  processes  are  different.  To  secure  the  dry  material  for 
the  making  of  tile,  the  wet  clay  from  the  slip  presses  is  placed  on 
racks  in  a  heated  drying  room,  where  all  the  moisture  is  evaporated. 
The  hard  clay  is  then  passed  through  a  crusher,  which  breaks  it 
up  into  small  pieces,  after  which  it  is  ground  into  a  fine  powder 
in  the  dust  mills.  These  mills,  Fig.  5,  are  usually  36  to  48  inches 
in  diameter,  and  are  provided  with  paddles  or  fans,  which  revolve 
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at  about  i  200  r.p.m.  inside  a  cast  iron  case.  The  high  speed  and 
the  small  clearance  between  the  paddles  and  the  housing  works  the 
clay  into  a  very  fine  dust. 

On  account  of  the  high  speed,  necessitating  large  pulleys  on  the 
driving  shaft  and  small  ones  on  the  mills,  and  on  account  of  the 
dust  w-hich  continually  accumulates  on  the  belts,  forming  a  glazed 
surface,  the  driving  of  a  dust  mill  by  means  of  a  belt  ofifers  many 
annoying  features.  The  heavy  tension  necessary  to  reduce  slippage 
produces  large  friction  losses,  while  considerable  trouble  is  fre- 
quently experienced  from  belts  breaking,  or  jumping  oflf  the  pulleys. 


FIG   3 — AGITATOR    DRIVEN    BY    A    3    HP,    85O    R.P.M.    INDUCTION    MOTOR 

With  line  shaft  drive  it  is  necessary,  in  such  cases,  to  slowdown 
or  stop  the  engines  to  replace  one  belt,  thus  delaying  the  work  in 
the  entire  plant.  Even  when  no  such  trouble  is  experienced  the 
slippage  is  usually  large  enough  to  appreciably  decrease  the  output. 
Thus,  the  dust  mill  shown  in  Fig.  5  ground  only  four  tons  of  clay 
per  hour  when  driven  by  belt  without  interruptions,  while  when 
direct-connected  to  a  motor,  the  output  was  increased  to  five  tons 
per  hour,  and,  owing  to  the  more  uniform  speed,  a  finer  quality  of 
dust  is  secured  than  was  possible  before. 

The  fine,  dry  powder  produced  by  the  dust  mills  is  moulded 
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into  forms  by  hand  presses,  after  which  it  is  ready  for  the  initial 
firing. 

Pottery  ware,  as  previously  stated,  is  moulded  from  the  moist 
clay.  The  clay  from  the  slip  presses  is  of  the  right  consistency,  but 
is  liable  to  have  the  moisture  unevenly  distributed  throughout  the 
cakes.  These  are,  therefore,  passed  through  a  pug  mill,  to  insure 
uniformity  of  the  materials.  This  mill  is  a  round  tank,  open  at  the 
top  and  having  a  vertical  shaft  with  a  number  of  paddles,  which 


FIG.   4 — SLIP  PUMPS,   DRIVEN   BY   A   5    HP,    I  120  R.P.M. 
INDUCTION'      MOTOR 

when  revolving  mix  the  clay  and  at  the  same  time  push  it  to  the 
end  of  the  tank  where  it  is  pressed  through  a  die  about  eight  inches 
in  diameter  located  near  the  base.  The  clay  from  the  pug  mills  is 
then  moulded  into  the  finished  ware  on  machines  called  "jiggers"  or 
"jollies."  This  green  ware  is  soft  and  full  of  moisture  and  is  ac- 
cordingly thoroughly  dried  in  a  heated  drying  room  called  the 
"green"  room. 
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The  firing  of  the  ware  is  practically  the  same  for  both  tile  and 
pottery  work.  The  dry  ware  is  exceedingly  brittle  and  easily  dam- 
aged, and  is  protected  from  injury  in  the  kilns  by  being  enclosed 
in  fireproof  clay  receptacles,  called  "sagars."  The  temperature  de- 
pends on  the  quality  and  thickness  of  the  material  to  be  burned. 
In  order  to  determine  the  temperature  of  the  ware  during  the  firing, 
several  pointed  cones,  built  up  of  flint  and  clay,  are  placed  in  the 
kiln  where  they  can  be  observed  through  a  peep-hole.  The  cones 
are  numbered,  according  to  the  amount  of  heat  they  will  stand,  the 
melting  point  being  determined  by  the  percentage  of  flint.  When 
the  sharp  points  of  the  cones  bend  over  from  the  heat,  the  potter 
knows  by  experience  what  temperature  he  is  getting. 


FIG.    5 — DUST    MILL,   DRIVEN    IJV    A    JO    HP,    I   IJO    R.F.M.    IXDUCTION    MOTOR 

After  the  initial  firing,  the  ware  is  decorated,  refired  and 
glazed.  The  raw  material  from  which  the  glazing  is  made  resembles 
glass  very  closely.  It  is  ground  up  in  the  glaze  mills.  Fig.  6,  which 
are  similar  to  the  tube  mills  used  in  cement  works  and  mines.  They 
consist  of  steel  cylinders  lined  with  porcelain  brick  and  containing 
several  hundred  pounds  of  small  cobble  stones,  the  "frit,"  as  it  is 
called,  being  ground  up  between  the  sides  of  the  rotating  cylinder 
and  the  pebbles.  When  ground  into  a  fine  dust,  the  frit  is  mixed 
with  water  and  is  ready  for  use.  Pottery  ware  is  dipped  entirely 
into  the  glazing.  Tile  is  glazed  on  one  side  only.  The  ware  is  again 
fired,  and  is  then  ready  for  the  market. 
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Both  tile  and  pottery  ware  are  placed  in  sagars  for  each  firing. 
This  constant  handling  breaks  a  large  number  of  the  sagars  so 
that  it  is  always  necessary  to  have  a  sagar  department  in  order 
to  keep  up  the  stock.  The  broken  sagars  are  crushed  in  a  "grogg" 
pan  of  the  type  shown  in  Fig.  7.  This  consists  of  a  pan  five  to 
seven  feet  in  diameter,  the  bottom  of  which  is  made  of  cast  iron 
plates  full  of  fine  slots.  Suspended  in  the  pan  are  two  heavy  steel 
rolls,  each  weighing  from  600  to  700  pounds.  Material  thrown  into 
the  revolving  pan  is  crushed  under  the  rolls  and  sifted  through  the 
slots  in  the  bottom  of  the  pan  into  a  bin.  This  material,  known  as 
"grogg,"  is  mixed  with  clay,  passed  through  a  pug  mill  and  formed 
into  new  sagars,  which  are  fired  and  are  then  ready  for  use. 


FIC.  () — GLAZE  DEPARTMENT,  DRIVEN  BY  A   IS  HP,  69O  E.P.M.  INDUCTION   MOTOR 

In  the  sagar  department  there  is  usually  a  "wad"  mill,  similar 
in  construction  to  a  pug  mill,  except  for  the  die  at  the  bottom  of 
the  mill.  In  the  wad  mill  this  die  has  a  large  number  of  holes 
through  which  the  material  is  pressed,  forming  strings  of  clay, 
which  are  placed  between  the  sagars  when  they  are  stacked  up  in 
the  kiln,  to  keep  them  from  burning  together. 

The  wad  mill,  grogg  pan,  sagar  pug  mill  and  sagar  press  can 
all  be  driven  with  advantage  by  individual  motors,  with  a  consid- 
erable saving  of  both  power  and  labor.  In  fact,  one  of  the  notable 
features  of  the  change  from  belt  to  motor  drive  is  the  increased 
output  per  man   which   is   thereby  effected.     On   the   other  hand, 
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the  glaze  mills  are  usually  driven  in  a  group,  as  a  nearly  uniform 
load  can  thus  be  secured  on  the  motor,  and  the  friction  losses  are 
usually  not  excessive. 

Several  of  the  illustrations  in  the  present  article  show  ap- 
paratus at  the  plant  of  the  Mosaic  Tile  Company,  at  Zanesville, 
Ohio.  This  firm  formerly  had  an  80  horse-power  Corliss  engine 
driving  a  long  line  shaft  in  their  preparation  room,  operating  the 
blunger  mills,  sifters,  agitators,  slip  pumps,  crushers,  dust  mills, 
and  dust  mill  conveyors  and  sifters.  They  also  had  an  80  horse- 
power tandem  gas  engine  driving  a  generator  which  furnished  power 
for  motors  operating  group  drives  in  the  machine  shop,  ball  mills, 
sagar  and  glaze  departments,  and  also  the  necessary  current  for 
their  lighting  system.  With  this  equipment,  their  power  costs  per 
month  were  as  follows  : — 

Engineer's    Salary    $65.00 

Coal    and    gas    , iSo.oo 

Up-keep  of  belts 25.00 

Loss  due  to  shut-downs  on  account  of  belt  troubles 25.00 

Oil  and  waste  20.CO 

Gas     engineer     6.25 

Gas   engine   maintenance  and   repair    25.OJ 

Five  percent  loss  in  time  due  to  gas  engine  shut-downs   .  .  .  60.00 
Incidentals   8,25 

Total    $414-50 

The  belt  troubles  mentioned  were  largely  at  the  dust  mills  where 
considerable  difficulty  was  experienced  on  account  of  belts  break- 
ing and  also  jumping  ofif  due  to  the  high  speed  and  the  necessity  of 
using  such  large  pulleys  on  the  line  shaft  and  small  ones  on  the  mills. 
Every  time  a  belt  came  ofl:'  it  was  necessary,  in  order  to  replace  it, 
to  slow  down  the  engine,  thus  delaying  the  work  in  the  entire  plant. 
This  occurred  several  times  a  week.  The  item,  gas  engineer,  covers 
the  time  of  a  machinist  who  devoted  only  a  part  of  his  time  to  this 
work.  The  steam  engineer,  in  addition  to  the  care  of  the  steam 
engine,  also  took  care  of  all  belt  repairs  and  the  oiling  and  care  of 
the  shafting. 

The  demand  for  power  at  this  plant  finally  became  greater  than 
their  capacity,  and  they  disposed  of  their  engine  equipment  and 
installed  motors,  buying  power  from  the  Ohio  Electric  Railway  Com- 
pany, of  Zanesville,  Ohio.  The  belts  were  eliminated  entirely  in 
the  preparation  room,  and,  in  fact,  there  are  but  six  driving  belts 
left  throughout  the  entire  factory,  with  35  motors  installed. 

As  a  result  of  the  change,  the  capacity  of  the  entire*  plant  was 
increased  fully  20  percent  over  their  old  method,  while  at  the  same 
time  the  cost  of  power,  including  repairs,  does  not  exceed  $150.00 
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per  month.  This  affords  a  clear  saving  of  over  $250.00  per  month 
in  spite  of  the  increased  output.  In  addition  an  appreciable  saving 
in  labor  was  effected.  In  the  sagar  department,  for  instance,  eight 
men  were  formerly  required  to  keep  up  the  stock  of  85  000  to 
90000  sagars  required.  Alotors  geared  direct  to  the  grogg  pan, 
pug  mill  and  sagar  press  have  so  increased  their  capacity  that  six 
men  are  now  able  to  keep  up  this  stock. 

One  serious  difficulty  confronting  the  management  at  the  time 
of  the  proposed  change  was  the  heating  of  the  dry  room,  which  had 
been  heated  by  the  exhaust  steam  from  the  engines.  At  present 
they  are  utilizing  the  waste  heat  from  the  kilns.  When  a  kiln  is 
drawn,  after  the  material  has  been  burned,  the  fire  is  shut  off  and 


FIG.    7 — GROGG     PAX.    DRIVEN     BY    AN    INDUCTION     MOTOR 

the  kiln  and  its  contents  allowed  to  cool  slowly.  This  heat  is  now 
drawn  by  a  fan  and  blown  through  the  dry  rooms,  and,  as  there 
are  always  several  kilns  being  drawn  at  one  time,  they  have  more 
than  enough  heat. 

Tests  have  been  made  on  several  tile  factories  where  individual 
motors  'have  been  installed  and  they  show  an  average  of  28.2  kw-hr 
consumed  per  month  per  horse-power  installed.  On  the  basis  of  a 
ninenhour  day  the  load  factor  will  run  from  15  to  20  percent,  this 
latter  figure  being  quite  safe  to  use  in  estimating  the  cost  of  power 
for  such  installations. 
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SMALL   MOTOR  APPLICATIONS 

BERNARD  LESTER 

THE  remarkable  increase  in  the  use  of  small  alternating  and 
direct-current  motors  for  the  operation  of  numerous  useful 
devices  employed  in  shops,  offices  and  homes,  has  been  due 
largely  to  the  extension  of  electrical  circuits  by  central  station  com- 
panies— thus  making  power  available  in  all  business,  residence  and 
often  country  dis- 
tricts— and  the  per- 
fection of  the  small, 
single-phase  induction 
motor.  A  simple  and 
durable  motor  is,  of 
course,  as  necessary 
as  cheap  and  reliable 
power,  and  though 
small  motors,  both  for 
alternating  and  direct- 
current  circuits  have 
Ijeen  available  for  a 
number  of  years,  the  single-phase  induction  motor  of  simple  con- 
struction, light  weight  and  automatic  starting  characteristics  has 
been  developed  more  recently. 

Since  this  field  of  motor  service  is,  comparatively  speaking,  of 
recent  origin,  a  number  of  problems  have  developed  in  connection 

with  the  application  of 
small  motors  for  these 
machines  that  are  new 
and  do  not  parallel  the 
problems  encountered 
when  larger  motors  are 
applied  for  industrial 
service.  Furthermore, 
since  hundreds  and  even 
thousands  of  motors  of 
one  type  and  size  are 
often  applied  to  a  par- 
ticular type  and  size  of  driven  machine,  a  very  careful  analysis 
must  be  made  in  order  to  secure  the  correct  drive.  A  motor  of  in- 
sufficient margin  of  safety  with  regard  to  the  essential  electrical  and 
mechanical  characteristics  for  the  operation  of  a  particular  machine, 
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is  very  likely  to  give  trouble  and  fail  when  the  operating  conditions 
cease  to  be  ideal,  involving  a  large  amount  of  expense  and  trouble, 
particularly  when  it  is  considered  that  these  small  motor-driven  de- 
vices are  scattered  all  over  the  country.  On  the  contrary,  an  abnormal 

margin  of  safety  in  these  character- 
istics must  be  avoided,  in  the  interest 
of  economy.  The  question  of  the 
selection  of  the  correct  size  of  motor 
is  largely,  therefore,  a  consideration 
of  limiting  conditions   of   operation. 

«L^^^^^F''~^  The   user   of    the   small   motor- 

■^^^Hr'^  driven  device  is  frequently  unfamil- 

^H^^m^^  iar    with    the    details    of    construc- 

tion of  the  motor  and  the  care  that 
should    be   given    it.      While    in    the 

MOTOR-DRIVEN      FORGE     BLOWER  ^^^^      ^f      ^j^^      j^^.^^^.      applications      iu 

factories,  the  motors  are  usually  inspected  and  cared  for  by  expert 
attendants,  this  is  not  true  of  the  small  motor-driven  machines. 
When  difficulties  do  occur  with  small  motors  they  are  generally 
found  to  be  caused  by  conditions  imposed  upon  the  motor  which 
any  electrician  would  know  to 
be  wu-ong,  but  which  are  not 
so  recognized  by  the  ordinary 
householder. 

Small  motor  applications 
fall  into  four  fairly  well  de- 
fined classes,  depending  upon 
tlie  length  of  the  operating 
period  and  the  variations  nt' 
load  while  in  service,  viz., 

]\Iotors  operating  con- 
tinuously, with  approxi- 
mately constant  load;  for 
example,  ventilating  fans 
and  forge  blowers. 

Motors  operating  con- 
tinuously, with  varying 
load;  for  example,  sign 
flashers  and  adding  ma- 
chines. 


APPLICATIUX     OF     FOKgE     liLOU'ER 


Motors  operating  intermittently,  with  constant  load;  for 
example,  coffee  grinders  and  most  automatic  piano  plaj^ers. 

Motors  operating  intermittently,  with  varying  load;  for  ex- 
ample, household  washing  machines,  ice  cream  freezers  for 
household  use  and   portable  vacuum  cleaners   of   certain   types. 
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In  addition  to  the  above  a  further  classification  should  be  made 
according  to  the  nature  of  the  driven  device,  which  involves  the  re- 
lation between  torque  required  to  start  and  accelerate  the  device  and 
the  torque  required  to  run  It. 
Before  considering  a  selec- 
tion of  motors  of  proper  char- 
acteristics for  the  various  ma- 
chines coming  under  the  classifi- 
cations just  given,  it  will  be  best 
to  analyze  briefly  the  general 
features  of  all  small  motors 
which  are  of  particular  impor- 
tance in  the  field  of  small  motor 
applications. 

It    is    obvious    that    motors 
for  this  general  class  of  service 

must  be  of  a  neat  and  attractive  appearance,  since  they  are  to  be 
used  in  the  home,  the  office  or  the  shop  and  in  connection  with  or 

as  a  part  of  ma- 
chines highly  finished 
and  pleasing  to  the 
eve.  Lightness  of 
weight  is  also  of  con- 
siderable importance, 
for  many  small  mo- 
tor-driven machines 
are  of  a  portable  or 
semi-probable  charac- 
ter. ■Maximum  output 
in  minimum  space  is 
another  desirable  fea- 
ture ;  often  the  motor 
is  an  integral  part  of 
the  portable  driven 
machine.  Cleanliness 
and  freedom  from  the 
danger  of  throwing 
oil  or  grease  are  fea- 
tures absolutely  nec- 
essary on  account  of 
the  surroundings  under  which  these  motors  are  used.  Care  must 
be  taken  also  that  no  uninsulated  conductors  or  terminals  are  ex- 
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posed,  a  shock  from  which  might  endanger  or  at  least  badly  frighten 
the  operator  of  the  machine.  Quiet  op- 
eration is  always  desirable,  and  where 
motors  are  for  use  with  musical  or  talk- 
ing instruments,  it  is  absolutely  essential. 
Automatic  starting  of  the  motor,  a  fea- 
ture that  could  not  be  accomplished  in 
the  earlier  types  of  small  single-phase 
motors,  is  important,  as  most  of  the  ma- 
chines driven  by  small  motors  must  be 
connected  directly  to  the  electric  light 
sockets  and  operated  by  means  of  a 
snap  switch. 

Those  electrical  characteristics  w'hich 

,  ,  .  .  ,  .  .  ,  ELECTRIC     CARBONATOR 

must  be  taken  into  consideration  in  the 

application   of  these  motors  are:  horse-power,   speed  at  rated  load, 

speed  regulation,  maxi- 
mum or  pull-out  torque, 
starting  torque,  efficien- 
cy and  heating  under  va- 
rious conditions  of  load. 
Upon  split-phase  in- 
duction motors  so  com- 
■.nonly  used  on  alternat- 
^^^^^^'  »..^2)^^^^^^^)  '"S  '  current       circuits, 

questions  of  j^ower- fac- 
tor and  starting  current 
are  also  to  Ije  consider- 
ed. In  most  a]:)plications 
of  this  sort  the  load  is  (;f 
a  varying  nature,  often  consisting  of  heavy  peak  loads  for  short  in- 
tervals, so  that  the  mat- 
ter of  maximum  or  pull- 
out  torque,  and  also 
starting  torque,  is  of 
primary  importance. 
Particularly  close  speed 
regulation  is  not  of  im- 
portance in  most  small 
motor  applications. 

The    shunt  -  wound 
direct-current  motor,  or  one  lightly  compounded,  possesses  those 
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characteristics  particularly  suited  for  the  average  small  motor  ap- 
plication, having  usually  a  starting  and  maximum  torque  of  from 
four  to  live  times  the  full-load  torque.  The  limiting  features  of 
a  direct-current  motor  are.  therefore,  not  starting  torque  or  maxi- 
mum torque,  but  tempera- 
ture, so  that  it  is  safe  in 
general  to  select  the  proper 
size  of  shunt  or  compound- 
wound  direct-current  motor 
with  reference  to  the  horse- 
power developed  continu- 
ously at  a  specified  tem- 
perature rating.  It  sometimes  occm-s,  however,  that  the  peak  loads 
imposed  upon  a  motor  are  of  such  duration  as  to  tax  its  capacity 
for  heat  absorption,  so  that  an  analysis  of  heating  characteristics 
at  severe  overloads  be- 
comes necessary  in  order 
to  specify  the  proper  size 
of  motor  for  a  given  cy- 
cle of  operations.  As  the 
tendency  in  the  design  of 
small  motors  is  to  reduce 
the  size  of  motor  for  a 
specified  output  and  there- 
by reduce  its  weight,  its  ca- 
pacity for  absorbing  heat 
developed  during  periods 
of  sudden  overload  may,  in 
certain  applications,  be- 
come a  limiting  feature. 
During  peak  loads  the 
commutating  characteris- 
tics of  a  direct-current 
motor  should  also  be  care- 
fully noted.  If  the  spark- 
ing is  not  pronounced  and 
the  duration  and  frequen- 
cy of  the  peak  loads  are 
not  abnormal  no  ill  effects  need  be  looked  for.  as  during  periods  of 
light  load,  with  the  increase  in  speed  the  commutator  will  naturally 
polish  itself. 
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From  the  electrical  characteristics  of  small  direct-current  mo- 
tors it  will  be 
seen  that  t  h  e 
problems  in  con- 
n  e  c  t  i  o  n  with 
their  application 
are  similar  in 
many  respects  to 
those  met  with  in 
the  application  of 
larger  motors  for 
industrial  service. 
The  speed-torque 
characteristics  of 
the  series    wound 

SEMI-PORTABLE     VACUUM     CLEANER  UlOtor         makc         it 

Rotary  Pump  Type.  readily   applicable 

to  most  types  of  fans  and  blowers  used  with  vacumn  cleaners 
and  in  ventila- 
tion, where  the 
fan  is  rigidly  con- 
nected to  the  mo- 
tor shaft. 

The  inherent 
speed  -  torciue 
characteristic  of 
a  split.phase  in- 
duction mot  o  r 
differs  from  that 
of  a  shunt  wound 
direct  -  current 
motor  with  which 
the  public  is  per- 
haps more  famil- 
iar, and  presents 
limitations  of  a 
different  nature. 
The  synchronous 
speed  of  these 
motors  is,  of 
course,  fixed  by 
the  frequency  of  the  circuit  and  the  number  of  poles  for  which  the 
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Positive   Rotary   Pump   Type. 
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becoming  comnion  practice  to  design  direct- 
full-load    s])eed   approximately    equal    to    the 


motor  is  wound.  It 
current  motors  with 
full-load  speed  of  alternat- 
ing-current motors  for  use 
on  60  cycle  circuits,  as 
most  small  motor-driven 
devices  must  be  supplied 
with  either  alternating-cur- 
rent or  direct-current  mo- 
tors, depending  upon  the 
local  supply  current.  The 
inherent    speed    regulation 

^f    ^    „,     .  C    t^\    ■       ^  U  MOTOR-DRIVEN      SUCTION      SWEEPER 

ot  a  motor  of  this  type  be- 
tween no  load  and  full  load  is  slijrhtlv  less  than  that  of  a  direct- 
current  shunt  wound 
motor  of  equivalent  rat- 
ing and  presents  no 
drawbacks. 

With  the  earlier 
forms  of  small  split- 
phase  induction  motors, 
it  was  found  difificult  to 
obtain  a  sufficiently  high 
starting  torque  for  start- 
ing and  accelerating 
the  majority  of  small 
motor  -  driven  devices, 
and  the  centrifugal 
clutch  was  employed  in  order  to  bring-  the  value  of  torque  at  start 
to  a  point  closely  approach- 
ing the  pull-out  torque  of 
the  motor.  The  rotating 
element  is  so  constructed 
that  the  spider  supporting 
the  secondary  punchings, 
windings  and  clutch  weights 
revolves  freely  upon  the 
shaft  to  which  the  clutch 
bell     is     connected.     Thus  motor-driven  ink  eraser 

upon    connecting    the   primary   circuit   to   the    line,   the    secondary 


JRTABLE     ELECTRIC    HAND    DRILL 
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comes  up  to  a  point  somewhat  below  full-load  speed  before  the 
clutch  takes  hold.  At  this  point  the  torque  exerted  upon  it  has  in- 
creased in  value,  so  that  the 
clutch  takes  hold  when  the 
torque  is  slightly  below  its 
maximum,  or  pull-out  value. 
Due  to  improved  design, 
and  in  the  interest  of  sim- 
plicity, the  use  of  the  clutch 
has  largely  been  eliminated, 
and  it  is  possible  to  obtain 
split-phase  motors  for 
speeds  and  frequencies  com- 
monly met  with,  having  a 
starting  torque  equal  to  that 
dt  full-load  without  the  use 
of  the  centrifugal  switch. 
The     starting     torque     may 


MOTOR-DRIVEX     WASHING     MACHINE    AND 
WRINGER 

Reversing   Dolly   Type. 

even  be  increased  beyond  this  limit  at  the 
sacrifice  of  other  electrical  characteristics, 
such  as  efficiency,  power-factor  and  start- 
ing current.     A  split-phase  induction  motor 
of      normal     characteristics      without 
clutch  may  be  considered  as  one  hav- 
ing a  starting  torque  equal  to  full-load 
and   a   maximum    pull-out    torque    of 
twice  full-load  torque. 

Since  many  of  the  small  motor 
applications  involve  the  starting  and 
accelerating  of  heavy  loads,  and  the 
motors,  when  in  operation,  are  sub- 
ject to  loads  of  varying  torque 
often  possessing  sudden  peaks,  the 
two  features  of  starting  torque  and  maximum  torque  often  be- 
come limiting  factors  in  applying  these  motors.  The  purchaser  is 
thus  interested  most  in  the  starting  and  pull-out  torque,  and  usually 


MOTOR-DRIVEN      WASHING     MA- 
CHINE    AND     WRINGER 

Revolving  Tub  Type. 
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to  a  less  degree  in  the  heating  characteristics  of  the  motor,  which 
will  determine  its  ability  to  carry  a  specified  load  continuously.  Thus 
it  will  be  seen  that  the 
horse-power  designation  of 
the  split-phase  motor  is  not 
always  a  measure  of  its 
usefulness,  and  it  will  be 
quite  possible  to  select  a 
one-sixth  horse-power  mo- 
tor which  will  be  called  on 
to  develop  less  than  its 
rated  horse-power  in  driv- 
ing, for  example,  a  house- 
hold washing  machine,  but 
would  not  possess  a  suf- 
ficiently    high     torque     to 


MOTOR-DRIVEN 


MACHINE      AND 


WASHING 
WRINGER 

Employing  Double  Rub  Board. 

start  the  machine  or  take  care  of  the  peak  loads  of  the  wringer.    A 

high  power-factor  and  low  starting  current  are,  of  course,  desirable 

features  in  small  alter- 
nating-current motors, 
but  the  importance  of 
these  characteristics 
does  not  equal  those 
already  discussed. 

The  starting  cur- 
rent of  a  single-phase 
motor  is  considerably 
in  excess  of  the  full- 
load  current.  Upon  the 
smallest  motors,  since 
its  absolute  value  is  not 
great,  this  requires  lit- 
tle consideration.  As 
the  size  of  the  motor 
increases,  however,  to 
say  one-quarter  or  one- 
third  horse-power  and 
larger,  this  feature  is 
of  greater  importance, 

since  the  carrying  capacity  of  the  supply  circuit  must  be  considered. 

The  starting  torque  of  a  single-phase  induction  motor  varies  approxi- 


MOTOR-DRIVEN     WASHING     MACHINE     AND     WRINGER 

Reversing  Drum  Type. 
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MOTOR-DRIVEN,   GAS    HEATED   LAUNDRY    MANGLE 


mately  as  tlie  square  of  the  voltage  applied  to  it.  Therefore  it  is 
important  that  the  conductors  be  of  sufficient  size  that  the  voltage 
applied  to  the  terminals 
of  the  motor  while  start- 
ing does  not  fall  mater- 
ially below  the  rated 
voltage  of  the  circuit 
and  thus  reduce  the 
starting  torque. 

In  addition  to  being 
desirable  for  obtaining 
a  high  starting  torque 
where  this  cannot  be 
obtained  without  its  use, 
the  centrifugal  clutch 
decreases  the  effect  of 
the  current  taken  at  starting  upon  the  supply  circuit,  since  the  period 
during  which  the  rotor  is  accelerating  is  greatly  reduced.  Further- 
more, in  certain  types  of  motor-driven  machines,  where,  through 

some  accident,  an 
abnormal  load  is 
suddenly  placed 
upon  the  motor, 
the  clutch  will 
slip,  thereby  pro- 
tecting the  motor 
for  a  short  peri- 
od of  time  and 
giving  the  oper- 
ator a  chance  to 
disconnect  it 
from  the  circuit. 
Since  many 
small  m  o  t  o  r  - 
driven  machines 
are  connected  to 
the  circuit  and 
under  actual  serv- 

MOTOR-DRIVEN      MEAT     CHOPPER  j^^    COUditiOUS     for 

short  intervals  only,  and  are  idle  a  greater  part  of  the  time,  for  the 
sake  of  economy  the  purchaser  frequently  desires  to  supply  the 
smallest  possible  motor  that  will  meet  the  ordinary  service  condi- 
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tions.    This  is  not  a  wise  plan  to  follow.    Machines  of  this  kind  are 
often  operated  l)y  inexperienced  individuals,  and  may  be  accidentally 


COMBINED    COFFEE    GRINDER    AND    MEAT  CHOPPER 

left  running  for  an  indefinite  length  of  time,  so  that  if  a  motor  is 
selected   which  will  not  operate  continuously  under  normal  condi- 


MOTOR-DRIVEN    COFFEE    ROASTER 

tions  of  load  at  a  safe  temperature,  trouble  results.     In  the  case  of 
the  motor-driven  portable  vacuum  cleaner,  though  the  individual 
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owners  may  not  operate  these  for  longer  intervals  than,  say,  half 
an  hour  at  a  time,  they  may  be  rented  by  a  central  power  company 
to  their  patrons  by  the  day.  Under  such  conditions  they  are  called  on 
to  operate  almost  continuously  when  in  the  home  of  the  patron.  Ob- 
servations such  as  these  indicate  the  advisability  of  adopting  a  maxi- 
mum method  of  rating;  that  is,  rating  the  motor  when  supplied  for 
intermittent  service,  on  a  basis  such  that  it  will  operate  continuously 
at  a  safe  temperature  under  the  load  ordinarily  placed  upon  it. 

In  selecting  a  motor  of  proper  characteristics  for  a  driven  ma- 
chine where  the  particular  application  is  to  be  repeated  again  and 
again,  the  following  general  points  should  be  taken  into  consid- 
eration : 

Variation  in  the  essential  electrical  and  mechanical  charac- 
teristics of  duplicate  motors,  incident  to  their  manufacture  in 
quaiTtities. 

Variation  in  the  value  of  torque  required  to  start  and  power 
to  drive  duplicate  driven  machines,  incident  to  their  manufac- 
ture   in   quantities. 

Variations  in  the  characteristics  of  the  circuit  on  which 
the  motors  are  to  operate,  such  as  variations  in  voltage,  fre- 
quency  or   hoth. 

The  points  in  question  can  be  well  illustrated  with  a  household 
washing  machine  to  which  is  to  be  applied  a  one-sixth  horse-power 
split-phase  motor.  The  average  motor  as  manufactured  may  de- 
velop a  starting  torque  of  ten  ounces,  but,  through  variations  inci- 
dent to  manufacture,  certain  motors  may  have  a  starting  torque  as 
low  as  nine  ounces,  while  in  others  it  will  be  as  high  as  eleven 
ounces.  It  is  evident  that  the  minimum  figure  must  be  considered  in 
making  the  application.  It  is  also  evident  that  there  will  be  some 
variations  in  the  driven  machines  as  manufactured  in  quantities,  as 
to  the  load  placed  upon  the  motor  when  starting  and  running.  Fur- 
thermore, it  often  occurs  that  at  a  certain  position  of  the  operating 
mechanism  the  torque  required  to  start  the  machine  is  higher  than 
at  other  points.  The  most  severe  conditions  must  always  be  taken 
into  consideration. 

Irregularities  in  the  voltage  of  the  supply  circuits  have  been 
considered  in  the  discussion  of  starting  current.  Conservative  prac- 
tice would  lead  to  the  specification  that,  considering  the  most  ad- 
verse conditions  of  the  motor  and  driven  machine  just  outlined,  the 
motor  should  start  the  driven  machine  on  a  voltage  of  from  80  to  85 
percent  of  the  normal  voltage  of  the  circuit  on  which  it  is  to  operate. 


ESTIMATING  ELECTRIC  POWER  COSTS 

CHAS.  R.  RIKER 

THE  estimating  of  motor  bills  is  a  part  of  the  daily  work  of 
the  central  station  solicitor,  the  motor  salesman  and  others. 
The  accompanying  chart  has  been  prepared  in  an  endeavor 
to  eliminate  most  of  the  routine  calculations  from  such  an  estimate. 

The  values  used  in  the  chart  are  based  on  the  formula : — 
r> -1 J  __  Rated  Hp  x  Max.  Hrs.  Use  x  0.746  x  Rate  x  Load  Factor 
Motor   Efficiency 

For  convenience  in  determining  the  motor  load  factor,  a  maxi- 
mum of  240  hours  use  of  the  connected  load  per  month  has  been 
chosen  as  most  generally  applicable.  This  corresponds  to  the  55.5 
hour  week  (10  hrs.  per  day,  Saturday  afternoon  off)  which  is  stan- 
dard in  many  industries  and  is  the  nearest  even  number  to  the  54 
hour  week,  which  is  standard  in  many  others.  The  load  factor  is, 
then,  the  ratio  of  the  actual  monthly  consumption  to  the  use  of  the 
entire  connected  load  at  its  rated  capacity  for  240  hours  per  month. 
It  is  the  same  as  the  average  load  when  the  latter  is  taken  on  a  240 
hour  per  month  basis.  Load  factors  based  on  an  8  760  hour  year 
or  a  720  hour  month  can  be  multiplied  by  three  and  used  on  the 
chart  without  error.  As  an  added  convenience,  values  of  hours  use 
of  full  load  per  month  and  hours  use  of  full  load  per  day  have  been 
added  and  may  be  used  interchangeably  witii  the  load  factor.  In 
using  the  values  of  hours  use  of  full  load  per  day,  it  should  be  re- 
membered that  these  values  are  based  on  24  full  days  per  month, 
corresponding  to  22  full  days  and  4  half  days. 

The  respective  motor  efficiencies  used  in  preparing  the  chart 
are  shown  by  the  curve,  Fig.  i.  They  represent  the  average  values 
of  a  number  of  standard  commercial  lines  of  motors,  including 
squirrel-cage  and  wound-secondary  polyphase  motors  and  shunt  and 
compound  direct-current  motors.  They  are  chosen  at  three-quarters 
full  load,  in  the  belief  that  the  average  conditions  of  motor  use  will 
be  more  closely  approximated  at  this  fractional  load  than  at  full 
load.  The  values  as  shown  will  correspond  very  closely  to  the  per- 
formance of  any  standard  industrial  motor. 

Since  the  values  given  by  the  chart  include  the  motor  efficien- 
cies, in  calculating  the  cost  of  operation  of  a  group  of  motors  exact 
results  will  not  be  secured  by  figuring  the  bill  for  a  motor  whose 
size  is  equal  to  the  aggregate  of  the  smaller  motors.    More  correct 
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results  will  be  secured  by  calculating  the  cost  of  operating  each 
motor  separately  at  the  appropriate  load  factor  and  adding  the  re- 
sults. In  case  a  number  of  motors  are  to  be  used  at  approximately 
equal  load  factors,  or  where  a  plant  load  factor  is  to  be  used,  the 
bill  for  the  average  size  motor  in  use  should  be  calculated  at  the 
appropriate  load  factor  and  this  result  multiplied  by  the  number  of 
motors.  However,  the  error  introduced  by  basing  the  calculations 
on  a  larger  size  of  motor  will  be  small,  and  where  approximate 
results  only  are  desired,  may  be  neglected. 

Inasmuch  as  combinations  of  five  variables,  i.  e.,  horse-power, 
load-factor,  kilowatt-hour  output,  rate  and  cost  are  shown,  it  is  nec- 
essary to  use  two  quadrants  of  rectangular  coordinates.  Logarith- 
mic coordinates  are  necessary  in  order  to  secure  a  sufficient  range 
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FIG.    I — AVERAGE    EFFICIENCIES    OF   STANDARD   LINES    OF    MOTORS   AT 
THREE-QUARTERS    LOAD 

of  values  within  reasonable  space,  with  accurate  readings  at  the 
lower  values.  This  need  not  present  any  difficulty  to  those  unac- 
quainted with  a  logarithmic  scale,  as  intermediate  values  may  be  in- 
terpolated in  the  usual  manner  without  appreciable  error. 

The  chart  is  read  from  a  vertical  line  to  a  diagonal  line  and 
from  the  diagonal  to  a  horizontal  line  in  one  quadrant,  and  along 
the  horizontal  to  a  diagonal  line  and  from  the  diagonal  to  a  vertical 
line  in  the  other  quadrant.  All  the  operations  are  reversible,  and 
each  quadrant  may  be  used  separately  for  the  values  contained 
therein.  The  values  can  be  read  at  all  points  with  sufficient  accu- 
racy for  commercial  work,  and  a  suitable  range  is  included  for  all 
ordinary  use.  In  case  it  is  desired  to  secure  some  value  which  is 
off  the  scale,  a  load  factor  or  a  rate  half  that  desired  may  be  chosen 
and  the  result  multiplied  by  two. 
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Example  i — What  will  be  the  consumption  of  a  40  hp  motor  run- 
ning 60  hours  per  month  at  full  load?  What  will  be  its  cost  at  three 
cents  per  kw-hour? 

Starting  with  40  hp  read  up  to  the  diagonal  representing  60  hours 
per  month.  The  horizontal  value  at  the  intersection  shows  a  con- 
sumption of  2000  kw-hours  per  month.  P'ollowing  this  horizontal  to 
the  diagonal  representing  tliree  cents  per  kw-hour,  the  vertical  shows  a 
cost  of  $60.00  per  month. 

Example  2 — In  a  factory  operated  by  a  jo  hp  motor,  the  monthly 
bill  at  five  cents  per  kw-hour  was  $90.00.  What  was  the  load  factor? 
What  was  the  average  load  on  the  motor  if  it  was  run  for  no  hours  dur- 
ing the  month? 

Starting  with  $90.00  per  month,  read  up  to  the  diagonal  representing 
five  cents  per  kw-hour,  then  across  to  the  vertical  representing  30  hp. 
The  diagonal  shows  a  load  factor  of  about  29  percent,  corresponding  to 
about  70  hours  use  of  the  motor  at  full  load.  The  average  load  for  no 
hours  was  then  63.5  percent  of  full  load  or  19  hp. 

Example  3 — In  a  factory  operated  by  a  steam  engine,  the  indicator 
cards  show  an  average  load  of  120  hp  for  200  hours  per  month,  and  a 
maximum  of  200  hp.  The  total  cost  for  power  is  $300.00  per  month.  To 
what  rate  per  indicated  hp-hour  is  this  equal?  Assuming  a  mechanical 
efificiency  for  the  engine  of  75  percent,  what  rate  per  kw-hour  will  have 
to  be  given  to  allow  a  suitable  motor  to  do  the  same  work  for  the  same 
total  cost? 

Tliis  load  equals  24000  hp-hours  per  month,  indicated,  which  is 
equivalent  to  18000  kw-hours.  Following  the  horizontal  line  represent- 
ing 18000  kw-hours  to  the  vertical  line  representing  $300.00  per  month, 
the  diagonal  shows  a  value  of  1.25  cents  per  indicated  hp-hour  or,  at  75 
percent  efficiency,  1.67  cents  per  brake  hp-hour. 

To  carry  the  same  maximum  load,  a  motor  of  200X0.75=150  hp  will 
have  to  be  chosen.  The  output  of  this  motor  will  equal  the  output  of 
the  engine,  which  at  75  percent  efficiency  equals  18000  hp-hours  per 
month.  This  corresponds  to  18000^150=120  hours  use  of  full  load  per 
month  or  a  50  percent  load  factor.  Starting  with  150  hp  read  up  to  the 
diagonal  representing  120  hours  per  month  and  across  to  the  vertical 
representing  $300.00  per  month.  The  diagonal  shows  a  rate  of  about 
two  cents  per  kw-hour,  i.  e.,  an  electric  motor  operated  on  a  two  cent 
rate  will  cost  aboui   the  same  as  the  engine. 

Example  4 — With  a  rate  of  $2.00  per  month  per  horse-power  max- 
imum demand,  plus  three  cents  per  kw-hour  for  current  consumed, 
what  will  be  the  bill  of  a  shop  operated  by  a  30  hp  motor  assuming  a 
maximum  demand  of  60  percent  of  the  connected  load  and  a  load  factor 
of  40  percent?     What  is  the  equivalent  straight  rate? 

Starting  at  the  30  hp  line,  read  up  to  40  percent  load  factor,  across 
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to  the  three  cent  rate  and  down  to  $72.00  current  charge.     Add  to  this 
30X2X0.60=  $36.00  and  the  resultant  bill  is  $108.00. 

Reading  up  the  30  hp  line  to  the  40  percent  diagonal  and  across  to 
the  $108.00  vertical,  shows  that  the  equivalent  straight  rate  is  about  4.5 
cents  per  kw-hour. 

Example  5 — In  a  factory  driven  by  two  20  hp  motors,  the  rate  for 
power  is  ten  cents  per  kw-hour  for  the  first  30  hours  use  of  the  max- 
imum demand,  five  cents  per  kw-hou-r  for  the  second  30  hours  use  of  the 
maximum  demand  and  two  cents  per  kw-hour  for  all  power  used  in  ex- 
cess of  this  amount.  The  bill,  figured  on  a  maximum  demand  of  60  per- 
cent of  the  connected  load  is  $150.00.  What  is  the  load  factor?  What 
is  the  equivalent  straight  rate? 

Reading  from  the  chart : — 

30   hours   use   of  24  hp  at   10   cents=  $62.00 
30   hours   use   of  24  hp   at   5   cents=       31.00 

Total    for    first    60    hours    use=        $93-00 

It  is  evident  that  $150.00 — $93.oo=$57.oo  was  based  on  the  two-cent 
rate.  The  chart  shows  this  to  be  equivalent  to  135  hours  use  of  the 
maximum  demand.  Then  135+30  +  30=195  hours  total  use  of  the  max- 
imum demand,  which  is  the  equivalent  of  195x0.601=117  hours  use  of  the 
connected  load.  This  corresponds  to  a  little  less  than  a  49  percent  load 
factor.  Reading  from  40  hp  to  117  hours  use,  to  $150.00  per  month,  the 
chart  shows  that  the  equivalent  straight  rate  is  a  little  less  than  four 
cents  per  kw-hour. 

Example  6 — A  15  hp  motor  driving  a  briiie  machine  in  a  refrigerating 
establishment  runs  24  hours  per  day  seven  days  in  the  week.  At  a  i;5 
cent  rate  the  bill  amounts  to  $95.00  per  month.  What  is  the  average 
load   on  the  motor? 

Starting  at  $95.00  per  month,  read  up  to  the  1.5  cent  rate  across  to 
72c  hours  per  month  and  down  to  approximately  10  hp,  the  average  load 
on  the  motor. 

Example  7 — A  factory  is  operated  by  three  5  hp,  four  10  hp  and 
three  15  hp  motors.  What  will  be  the  bill  at  three  cents  per  kw-hour  at 
a  15  percent  load  factor? 

As  the  efficiencies  of  these  motors  will  be  different  from  the  effi- 
ciency of  one  motor  equal  in  capacity  to  their  sum,  it  is  advisable  to 
calculate  the  bill  from  the  average  size  motor.  This  total  load  amounts 
to  100  hp  and  the  average  size  of  the  motor  is  therefore  10  hp.  Start- 
ing at  10  hp,  reading  to  15  percent  load  factor,  across  to  a  three-cent 
rate  and  down,  the  bill  is  seen  to  be  $9.60  per  motor  or  a  total  of  $96.00. 

If  the  bill  is  calculated  for  a  ico  hp  motor  at  the  same  rate  and  load 
factor,  the  result  is  a  little  less  than  $90.00  per  month.  The  difference 
is  due  to  the  different  efficiencies  of  the  10  hp  and  100  hp  motors. 
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In  estimating  motor  bills,  some  reliable  basis  for  determining 
the  load  factor  is  absolutely  necessary.  When  used  without  a  knowl- 
edge of  the  local  conditions  at  the  plants  from  which  the  data  is  ob- 
tained, tables  of  load  factors  are  apt  to  be  misleading.  Too  many 
such  tables  are  based  on  only  one  or  two  installations  of  a  particular 
kind,  all  located  in  a  comparatively  restricted  territory,  and  hence 
cannot  be  said  to  represent  even  average  conditions. 

The  central  station  representative  has,  however,  or  can  secure 
from  his  company's  records,  from  the  records  of  associate  com- 
panies, or  from  the  technical  press  and  various  motor  manufac- 
turers, all  the  information  necessary  to  form  a  card  index  system 
of  load  factors  and  correlative  data  which  will  be  of  great  value 
in  forming  estimates.  Each  card  should  contain  information  rela- 
tive to  a  single  plant.  This  should  include,  in  addition  to  the  loca- 
tion and  electrical  characteristics  of  the  plant,  full  data  as  to  the 
character  of  the  product,  capacity  of  the  equipment,  average  output, 
number  of  machines,  their  arrangement  and  method  of  drive,  num- 
ber of  men  employed,  hours  of  operation  per  month,  power  con- 
sumed per  month  and,  when  possible,  per  unit  output,  maximum  de- 
mand, average  load  per  horse-power  connected  and  load  factor. 
The  card  should  be  filed  according  to  industries,  similar  plants 
being  grouped  together. 

Such  a  reference  index  will  allow  of  ready  and  accurate  com- 
parison between  any  given  plant  and  all  others  of  which  complete 
data  can  be  obtained,  and  will  at  the  same  time  avoid  indiscriminate 
comparisons  between  plants  operating  under  widely  different  condi- 
tion*. Its  value  will,  of  course,  vary  with  the  number  of  plants  out- 
lined, and  becomes  greater  when  several  operating  companies  open 
their  records  to  each  other. 

In  analyzing  a  proposition,  too  great  dependence  should  not  be 
placed  upon  comparisons,  however  accurately  made.  A  careful 
estimate  of  the  probable  load  on  each  motor,  together  with  the  prob- 
able time  of  operation  should  always  be  drawn  up  as  a  check.  Such 
an  estimate  requires  considerable  experience  and  sound  engineering 
judgment.  When  made,  however,  in  connection  with  a  well  kept 
card  index  system  of  load  factors  and  tempered  with  a  goodlv 
amount  of  common  sense,  a  close  approximation  to  the  actual  cost 
of  operation  should  result. 


WINDING   OF  DYNAMO-ELECTRIC  MACHINES— IX 

INSULATING  MATERIALS 

R.  H.  ARNOLD 

THE  efficient  design  of  electrical  apparatus  requires  that  the 
maximum  amount  of  its  weight  and  bulk  shall  be  occu- 
pied by  electrically  and  magnetically  active  material,  and 
as  little  insulation  must  be  used  as  is  consistent  with  safety.  Both 
iron  and  copper  must  be  made  to  yield  the  maximum  results,  and 
the  various  parts  of  the  apparatus  must  be  kept  electrically  sepa- 
rate while  mechanically  bound  rigidly  together  to  overcome  the 
effects  of  the  centrifugal  strains  and  the  magnetic  reactions  which 
take  place  between  the  current  carrying  parts.  The  ideal  insula- 
tion or  separating  agent  must,  therefore,  have  high  dielectric 
strength  and  high  resistance,  and  must  be  absolutely  uniform  in 
order  that  the  factor  of  safety  may  be  increased  as  far  as  practica- 
ble. It  must  be  capable  of  withstanding  high  temperature  without 
deterioration,  i.  e.,  it  must  not  oxidize,  it  must  not  soften,  it  must 
not  contain  volatile  matter.  It  must  not  be  weakened  by  the  electro- 
static stresses  to  which  it  will  be  subjected,  and  must  be  moisture 
and  oil  proof,  and  sometimes  acid  proof.  It  must  be  tough,  incom- 
pressible, and  mechanically  strong. 

In  addition  to  this  the  practical  design  of  the  apparatus  from 
the  commercial  standpoint  requires  that  the  insulation  be  readily 
and  quickly  applied.  This  means  tliat  the  material  must  in  some 
cases  be  flexible,  and  in  others  must  be  easily  machined  or  moulded. 
It  must  be  readily  procurable  in  the  necessary  quantities  within 
reasonable  time,  without  excessive  cost. 

Naturally  such  conflicting  characteristics  cannot  be  obtained  in 
any  one  material.  Many  substances  are  softened  by  heat,  while 
others  are  oxidized  or  rendered  brittle,  and  a  large  number  of 
those  materials  which  have  a  high  dielectric  strength  are  either 
highly  inflammable,  or  are  hygroscopic  and  absorb  moisture.  .  Other 
materials,  which  have  good  electrical,  temperature  and  moisture 
characteristics,  are  very  difficult  to  put  to  practical  use.  The  work 
of  the  insulating  engineer  is,  therefore,  so  nicely  to  coordinate  the 
characteristics  of  the  materials  available  as  to  make  them  conform 
to  the  requirements  of  the  apparatus  under  consideration.  This  is 
most  commonly  done  by  adding  the  characteristics  of  two  or  more 
difi'erent  insulating  materials  in  such  a  way  as  to  give  both  the  diel- 
ectric and  the  mechanical  strength  desired,  while  at  the  same  time 
occupying  as  little  valuable  space  as  possible. 
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In  order  to  suitably  balance  these  various  requirements,  an 
exact  knowledge  of  the  materials  commercially  available  is  neces- 
sary. The  first  duty  of  the  engineer  is  to  study  the  characteristics 
of  his  materials,  first,  by  themselves,  and  second,  in  conjunction 
with  other  materials. 

It  is  probably  unwise  to  attempt  to  giv'e  limits  for  the  use  of 
any  insulating  material,  since  the  results  desired,  the  conditions 
under  w^h.ich  it  is  to  be  used,  or  the  effect  of  other  materials  in  com- 
bination may  have  a  controlling  influence  on  the  service  which  may 
he  obtained  from  any  given  material.  One  material  may  be  emi- 
nently suited  for  use  in  one  piece  of  apparatus,  but  totally  unsuited 
for  a  similar  piece  of  apparatus  for  different  service ;  or  unsuit- 
able mechanical  characteristics  of  the  material  may  be  entirely  over- 
come by  the  judicious  use  of  another  material  in  combination  with  it. 

What  follows  must  therefore  be  taken  as  giving  some  of  the 
applications,  but  with  no  attempt  to  give  limitations  of  any  single 
material  oi*  combinations  of  materials,  and  knowledge  as  to  such 
limitations  must  be  arrived  at  through  experience  and  good  judg- 
ment. 

The  insulating  materials  which  have  proven  useful  in  the  con- 
struction of  electrical  apparatus  are  relatively  few  in  number,  al- 
though they  are  found  under  a  wide  variety  of  names  and  condi- 
tions. Of  these  the  various  cloths  and  papers  have  by  far  the  most 
general  application.  Of  the  cloths  cotton  is  most  widely  used,  on 
account  of  its  lower  cost.  Silk  and  linen  are  both  slightly  superior 
in  mechanical  strength,  but  their  superiority  is  not  sufficiently  great 
to  overbalance  their  greater  cost,  except  in  some  few  cases,  such 
as  instrument  coils,  telephone  receivers,  etc.,  where  the  space  re- 
quirements are  rigid  enough  to  warrant  the  extra  cost. 

COTTON 

Cotton  is  valuable  both  on  account  of  its  excellent  mechanical 
qualities,  and  on  account  of  its  high  dielectric  strength  when  im- 
pregnated with  a  suitable  insulating  varnish.  It  is  flexible  and 
tough  and  is  easily  applied  either  in  the  form  of  cloth  or  tape.  On 
the  other  hand,  in  common  with  other  organic  fibers,  cotton  tends 
to  grow  brittle  when  subjected  to  continuous  heating.  Hence,  when 
used  where  it  is  liable  to  be  heated,  cotton  must  be  applied  in  such  a 
way  that  it  will  not  be  subjected  to  vibration  or  mechanical  strains 
which  will  break  it.  As  long  as  the  insulating  sheet  remains  un- 
broken mechanically,  it  largely  retains  its  original  dielectric  strength 
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Cotton  is  used  in  the  form  of  cloth,  tape,  and  as  thread  closely 
wrapped  around  wires.  As  it  is  somewhat  hygroscopic,  it  is  seldom 
used  around  electrical  apparatus  without  being  treated  with  varnish 
or  some  impregnating  compound  to  prevent  the  absorption  of 
moisture.  Often,  however,  especially  in  the  case  of  tapes  and  cot- 
ton-covered wires,  it  is  more  convenient  to  make  use  of  the  un- 
treated forms,  and  either  varnish  each  layer  as  it  is  applied  or  im- 
pregnate the  whole  article  after  the  winding  is  finished. 

Whenever  either  cloth  or  tape  is  used  primarily  for  its  diel- 
ectric strength  it  is  treated  with  an  insulating  compound  before 
use,  as  much  more  uniform  and  reliable  results  can  thus  be  secured. 
The  cloth  to  be  used  for  this  purpose  is  led  under  a  roll  in  the  bot- 
tom of  a  vat  of  varnish  and  up  through  a  heated  tower  where  it  is 
dried  sufficiently  to  keep  it  from  sticking  to  the  roll  over  which  it 
passes  to  return  downward  through  the  heater  to  be  rolled  up  or  to 
pass  to  a  second  vat  if  more  than  one  coating  is  desired. 

After  treatment  the  cotton  cloth  has  sufficient  dielectric 
strength  to  withstand  about  I  000  volts  per  mil  thickness.  It  is 
non-hygroscopic  and  has  very  slight  surface  leakage.  The  surface 
may  be  quite  hard  and  dry  or  may  be  soft  and  tacky,  depending  on 
the  length  of  time  the  drying  process  is  continued.  As  supplied  to 
the  trade,  the  surface  is  ordinarily  coated  with  paraffine  so  that  the 
sheets  w\\\  not  stick  together,  and  to  prevent  the  material  from 
drying  out.  This  form  of  insulation  is  flexible  and  quite  tough 
and  is  widely  used  in  the  manufacture  of  electric  machinery,  for  the 
insulation  of  generator  and  motor  coils,  etc.  Since  it  is  quite  sus- 
ceptible to  abrasion  or  mechanical  damage,  it  is  seldom  used  with- 
out a  protective  covering  of  some  sort,  usually  untreated  cotton 
tape  or  friction  tape,  or  some  sort  of  heavy  tough  paper  such  as 
fish  paper. 

Another  form  of  treating  both  cloths  and  tapes  consists  in  the 
application  of  a  flexible  adhesive  material  called  frictioning,  from 
the  manner  of  its  application  to  the  cloth.  This  is  done  by  coating 
the  cloth  with  soft  rubber  frictioning  material  and  then  thoroughly 
calendering  it  in  by  means  of  heavy  rolls.  The  thickness  of  the  fin- 
ished product  is  determined  by  the  thickness  of  the  cloth  and  the 
amount  of  the  rubber  compound  supplied. 

Various  weights  and  thicknesses  of  cotton  cloth  are  used.  Of 
these  the  more  common  are  as  follows : 

Cambric  is  a  light  cotton  cloth,  about  five  mils  thick,  which 
has  been  given  a  heavy  calendering.     Its  principal  use  is  in  the 
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form  of  treated  cloth.  Untreated  it  is  used  for  sleeving  on  cop- 
per strap  or  wire,  in  coils  which  are  to  be  impregnated  with  gum  or 
varnish  after  winding. 

Muslin  is  about  eight  mils  thick,  and  is  of  a  much  softer  weave 
than  the  cambric,  i.  e.,  the  threads  of  the  warp  and  the  filler  are 
not  twisted  so  tightly. 

Heavy  Cotton,  about  ii  mils  thick,  is  a  strong,  closely  woven 
cloth  used  wherever  considerable  mechanical  strength  is  required, 
as  between  layers  of  heavy  wire  coils  where  it  is  subjected  to  heavy 
pounding. 

Drilling,  about  17  mils  thick,  is  used  because  of  its  great 
strength  and  resistance  to  mechanical  injury  wherever  the  heavy 
cotton  is  not  sufficiently  strong.  It  can  be  readily  recognized  by 
the  herring  bone  weave,  which  causes  small  ridges  to  run  diagonally 
across  the  sheet. 

Duck,  about  30  mils  thick,  is  usually  treated  with  linseed  oil 
or  varnish  and  is  used  as  a  protective  covering  over  coil  supports, 
between  coil  ends  and  over  the  ends  of  armatures,  etc.  It  is  also 
sometimes  used  between  coil  layers  in  order  to  lead  the  impregnat- 
ing gums  to  the  interior  of  the  coil. 

Cotton  Tapes — Any  of  the  materials  mentioned  may  be  slit  into 
narrow  widths  and  used  as  tape  when  great  mechanical  strength  is 
not  important.  When  strength  is  required,  however,  selvedge  edge 
tapes  are  used.  These  tapes  may  be  obtained  in  any  thickness  or 
width  desired. 

In  some  cases  where  it  is  necessary  to  tape  an  irregularly 
shaped  coil,  bias-cut  tape  will  follow  the  surface  more  closely  than 
ordinary  tapes.  This  is  obtained  by  cutting  a  sheet  of  cloth  into 
strips  on  the  bias.  When  this  bias  tape  is  desired  in  long  lengths, 
the  cloth  before  treatment  is  unrolled,  cut  and  then  sewed  together 
in  such  a  way  that  the  threads  do  not  run  parallel  with  the  edges. 
This  roll  of  material  is  then  treated  and  run  through  the  slitter 
which  cuts  it  into  narrow  widths. 

Cause  tape  is  used  as  a  temporary  outside  wrapper  over  coils 
which  are  to  be  impregnated,  but  where  the  presence  of  impregnat- 
ing materials  in  varying  thickness  on  the  outside  of  the  coils  is 
undesirable.  By  the  removal  of  the  tape  after  the  coil  is  cooled,  all 
superfluous  impregnating  material  is  removed. 

Cotton  Sleeving,  as  its  name  implies,  is  a  cotton  braid  used  to 
slip  over  the  coil  leads  as  additional  insulation.  It  is  frequently  used 
in  various  colors  as  an  aid  in  winding  armature  coils. 
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PAPERS 

The  various  papers  belong  in  the  same  general  class  of  insu- 
lating materials  as  the  cloths.  They  are  used  for  the  same  pur- 
poses and  in  much  the  same  manner.  Structurally  they  are  com- 
posed of  vegetable  fiber,  either  linen,  cotton,  hemp,  straw  or  wood, 
and  hence  are  subject  to  the  same  limitations  as  to  heating  as  the 
various  cloths.  They  have,  however,  a  distinct  insulating  value  in 
themselves  due  to  the  absence  of  interstices  between  the  fibers,  and 
do  not  depend  on  varnish  or  gum  treatment  for  their  dielectric 
strength  to  so  great  an  extent  as  do  the  cloths. 

Papers  are  used  for  insulation  in  a  wide  variety  of  weights 
and  structures,  ranging  from  the  thinnest  of  rice  papers  to  the  hard 
fiber  board  of  an  inch  or  more  in  thickness.  The  mechanical  and 
electrical  characteristics  are  dependent  largely  upon  the  material 
used  and  the  processes  employed  in  its  manufacture.  In  general, 
the  linen,  cotton  or  hemp  materials  have  the  greatest  mechanical 
strength,  since  this  quality  is  to  a  large  extent  dependent  on  the 
length  and  the  mechanical  strength  of  the  individual  fibers  compos- 
ing the  paper.  Thus  cement  paper,  which  is  made  from  old  hemp 
ropes,  is  very  strong  and  tough. 

When  used  for  their  insulating  qualities,  papers  are  almost  al- 
ways treated  with  some  form  of  oil  or  varnish.  This  treatment 
renders  them  non-hygroscopic  and  increases  their  dielectric  strength 
very  considerably.  A  good  quality  of  paper,  suitably  varnished  or 
impregnated,  will  withstand  as  high  a  voltage  as  the  same  thickness 
of  treated  cloth.  All  papers  are,  however,  less  flexible  than  cloth, 
and  care  must  be  taken  to  avoid  creasing  a  paper  which  is  to  be 
used  as  insulation,  since  both  its  electrical  and  mechanical  strengths 
are  greatly  lessened  by  a  sharp  bend. 

Some  of  the  papers  which  have  been  proven  by  experience  to 
be  valuable  in  insulation  work  are  as  follows : 

Japanese  Paper  is  an  extremely  thin  white  rice  paper  of  con- 
siderable strength.  Its  name  comes  from  the  fact  that  it  was  orig- 
inally imported  from  Japan.  Its  principal  use  from  the  insulation 
standpoint  is  as  a  support  on  which  flexible  mica  may  be  built.  Its 
thickness  is  approximatel}'  one  mil. 

Rope  Paper,  sometimes  called  cement  paper,  is  made  from 
hemp  rope,  and  consequently  has  extra  long  fibers  and  great  me- 
chanical strength.  The  term  "cement"  comes  from  the  fact  that 
this  paper  was  originally  used  in  making  sacks  to  hold  Portland 
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cement.  When  suitably  impregnated  with  an  insulating  varnish  it 
is  extensively  used  as  an  insulating  material,  both  by  itself  and  as 
a  support  for  built-up  mica,  being  made  in  thicknesses  of  from  13 
to  30  mils.  It  has  a  dielectric  strength  after  treatment  of  about 
I  000  volts  per  mil  in  the  weights  commonly  used. 

Kraft  Papers,  made  from  chemical  wood  pulp,  are  coming  into 
common  use  as  wrapping  paper.  In  insulation  work  they  are  used 
as  substitutes  for  rope  cement  paper.  They  are  brown  in  color 
and  are  all  made  by  the  same  general  process,  but  slight  variations 
in  the  quality  of  the  original  wood  fiber  and  in  the  process  of  di- 
gesting and  beating  produce  important  differences  in  the  finished 
product,  so  that  they  do  not  all  lend  themselves  to  insulation  work. 
The  best  of  these  papers  come  from  Sweden  and  Germany. 

Parchment  w'as  the  term  originally  applied  to  sheepskin  or 
goatskin  which  had  been  treated  to  make  it  suitable  for  use  as  a 
paper.  This  was  a  high  grade  material  but  was  also  very  ex- 
pensive. Early  in  the  paper  making  industry  it  was  discovered  that 
by  treating  a  fine  cotton  paper  with  acid,  it  could  be  converted  into 
a  strong  waterproof  sheet  slightly  resembling  the  treated  sheepskin. 
It  is  this  "vegetable  parchment"  which  generally  passes  under  the 
name  of  parchment  paper.  Its  application  in  insulation  work  is 
limited  to  cases  where  its  non-absorptive  qualities  are  needed,  such 
as  preventing  shellac  or  varnish  from  passing  through  a  coil  or  piece 
of  apparatus  and  cementing  it  to  the  support  on  which  it  is  being 
built. 

Fullerboard  or  pressboard,  is  a  dense  cardboard-like  material 
ranging  in  thickness  from  seven  to  125  mils.  It  is  made  up  prin- 
cipally from  rag  stock  and  when  it  comes  from  the  paper  machine 
is  a  soft  board  resembling  cheap  cardboard  or  blotting  paper  in  den- 
sity. This  is  then  passed  through  an  extremely  heavy  calendering 
process  and  compressed  down  into  the  dense  board  which  is  known 
as  fullerboard. 

When  suitably  varnished,  fullerboard  has  a  dielectric  strength  of 
about  500  volts  per  mil  in  thicknesses  under  25  mils,  running  dow^n 
to  as  low  as  200  volts  per  mil  in  the  heavier  sheets.  The  thinner 
sizes  are  used  between  turns  and  as  cells  or  as  filler  in  transformer 
and  armature  coils.  The  thicker  sheets  are  used  as  washers  in  all 
classes  of  electrical  apparatus. 

Fish  Paper  is  made  from  pure  rag  stock  which  is  passed 
through  a  treating  process  much  the  same  as  the  parchment  paper, 


WINDING  OF  DYNAMO-ELECTRIC  MACHINES    201 

coming  out  a  hard,  dense,  fiber-like  paper,  possessing  considerable 
mechanical  strength.  It  must  be  very  thoroughly  washed  after  the 
treatment,  the  washing  and  curing  process  being  extremely  impor- 
tant from  the  insulation  standpoint,  since  a  small  percentage  of  the 
chemicals  used  in  the  process,  if  allowed  to  remain  in  the  sheet,  will 
so  rot  it  that  it  becomes  very  stiff  and  brittle,  losing  its  mechanical 
strength  and  therefore  its  value  as  an  insulation. 

These  papers,  when  properly  cured,  are  not  affected  by  heat  to 
as  large  an  extent  as  most  of  the  other  forms,  and  for  this  reason, 
and  on  account  of  their  great  mechanical  strength,  they  are  exten- 
sively used  as  protective  cells  in  armature  slots.  Considerable  care 
must  be  exercised  in  handling  them,  however,  as  these  papers  do  not 
possess  such  great  flexibility  as  the  more  common  papers. 

Elard  Fiber  is  a  very  dense,  hard,  stiff  material  possessing 
great  mechanical  strength  and  considerable  insulation  strength.  It 
is  made  from  cotton  stock  which  is  passed  through  a  treatment  of 
zinc  chloride.  This  causes  a  chemical  change,  producing  a  homo- 
geneous mass.  As  in  the  fish  paper  the  washing  process  here  is 
very  important,  the  zinc  chloride  producing  disastrous  results  if  not 
tlioroughly  removed.  The  washing  and  curing  of  some  of  the 
thicker  sheets,  say  three-quarters  to  one  inch  thick,  requires  many 
months. 

The  hard  fibers  are  used  in  electrical  apparatus  wherever  an 
insulating  material  of  exceptional  mechanical  strength  is  required, 
such  as  wedges  in  armature  slots  and  coil  braces,  and  as  bushings 
around  brush  arms,  etc. 

ASBESTOS* 

As  stated  above,  one  of  the  great  disadvantages  of  the  use  of 
any  material  formed  from  organic  fibers  lies  in  the  fact  that  such 
materials  will  carbonize  and  lose  both  their  mechanical  and  their 
dielectric  strength  at  comparatively  low^  temperatures.  Where  op- 
eration at  higher  temperatures  is  essential,  asbestos  in  the  form  of 
cloth  or  paper  is  sometimes  used.  Unfortunately  the  asbestos  fiber 
is  so  short  and  lacking  in  mechanical  strength  that  it  cannot  be  made 
into  thin  cloth  or  paper  without  the  addition  of  some  longer  fiber. 
As  this  must  necessarily  be  an  organic  fiber  the  resulting  fabric  is 
more  or  less  subject  to  the  same  objections  as  the  pure  cotton  cloth. 
An  idea  of  the  amount  of  adulteration  in  asbestos  cloth  can  be  ob- 


^See  article  on  "Asbestos,"  by  Mr.  H.  R.    Edgecomb    in    the    Journal    for 
Jan.,   1911,  page  82. 
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tained  by  noting  the  difference  in  mechanical  strength  before  and 
after  heating  it  to  red  heat.  i\nuther  feature  which  hmits  the  use 
of  asbestos  cloth  is  its  low  dielectric  value  and  the  difficulty  of 
thorough  impregnation,  as  the  fibers  themselves  do  not  readily 
absorb  varnish.  Consequently  asbestos  cannot  be  used  where  high 
dielectric  value  is  desired. 


Where  insulation  must  maintain  high  dielectric  strength  at 
high  temperatures,  mica  is  the  only  material  that  is  at  all  suitable. 
It  forms  an  ideal  material  from  these  standpoints,  but  owing  to  its 
poor  mechanical  properties  is  limited  in  its  applications.  Mica  is 
an  anhydrous  silicate  of  aluminium  and  potassium  or  sodium  which 
crystalizes  in  laminated  form  and  may  be  split  along  its  axis  into 
very  thin  sheets.  It  is  a  very  widely  distributed  mineral,  being 
found  in  varying  quantities  in  practically  every  country  in  the 
world.  Deposits  which  are  free  from  conducting  material,  however, 
are  not  so  numerous,  being  confined  to  a  few  localities,  among  which 
the  principal  ones  are  in  India,  Canada  and  the  United  States.  Of 
the  mica  that  is  mined  even  in  these  places,  only  about  five  percent 
is  available  for  the  building  of  sheet  insulation,  the  rest  of  it  being 
too  badly  broken  to  be  of  any  use.  This  broken  portion  is  ground 
still  finer  and  is  used  in  making  decorative  paint,  in  heating  appa- 
ratus as  a  heat  insulator,  as  a  filler  for  various  moulded  composi- 
tions, and  for  various  other  purposes. 

Mica  as  it  comes  from  the  mines  for  use  in  making  sheet  is  split 
up  into  flakes  which  are  graded  No.  i  and  No.  2.  The  No.  i  split- 
tings are  from  .0005  to  .001  inch,  and  the  No.  2  from  .001  to  .002 
inch  thick.  The  No.  i  splittings  are  used  in  making  up  the  flexible 
sheet  by  sticking  them  on  one  side  of  a  sheet  of  paper  or  cloth  with 
some  suitable  varnish  in  such  a  manner  that  all  joints  are  staggered. 
These  built  up  sheets  are  called  "Jap.  paper  and  Mica,"  "Fish  paper 
and  Mica,"  "Treated  Cloth  and  Mica,"  etc.,  depending  on  the  sup- 
porting sheet.  They  are  used  principally  as  insulation  on  generator 
and  motor  coils  which  must  withstand  high  voltages,  and  are  liable 
to  be  subjected  to  high  temperatures. 

The  No.  2  splittings  are  built  up  in  the  same  way  on  some  cheap 
supporting  paper.  They  are  then  placed  in  a  press  and  heated 
under  heavy  pressure,  driving  the  solvent  out  of  the  varnish  used 
and  forming  a  hard,  rigid  sheet.  This  material  is  called  mica  plate, 
and  can  be  made  in  any  thickness.  It  is  used  for  commutator  insu- 
lation, and  in  any  place  where  heavy  pressures  must  be  withstood. 


ARTIFICIAL  RESPIRATION 

PRONE  PRESSURE    METHOD    OF    RESUSCITATION    FROM    ELECTRIC  SHOCKS 
AND  DROWNING 

CHAS.  A    LAUFFER,  M.  D  , 
Medical  Director,  Relief  Department,  Westinghouse  Electric  and  Manufacturing  Company 

THE  immediate  effect  of  contact  with  an  electric  current  of 
sufficient  voltage  is  a  suspension  of  respiration.  This  sus- 
pended animation  may  consist  merely  of  a  suspension  of 
the  respiratory  function,  or,  in  the  severer  shocks  of  longer  contact 
or  higher  voltage,  there  may  he  a  suspension  of  both  the  cardiac  and 
respiratory  functions. 

In  those  occasional  cases  where  the  heart  action  has  ceased, 
there  will  be  no  possibility  of  restoring  the  respiratory  action  by  the 
methods  of  artificial  respiration.  Yet  the  artificial  respiration 
should  be  begun  immediately  and  should  be  persisted  in,  at  least 
until  a  physician  is  summoned  to  ascertain  with  his  stethoscope  if 
the  heart  is  beating.  While  the  heart  beats,  there  is  hope.  But  the 
lieart  may  be  beating  in  the  absence  of  a  radial  pulse ;  hence,  even 
when  no  pulse  is  felt,  the  fellowworkmen  are  not  justified  in  ceas- 
ing in  their  efforts  at  resuscitation. 

There  must  be  no  delay ;  the  eft'orts  must  begin  the  instant 
the  patient  is  freed  from  the  contact.  A  piece  of  dry  board,  or  dry 
clothing;  a  rope,  or  clothing  improvised  as  a  rope,  will  enable  a 
comrade  to  rescue  him  from  the  circuit.  The  man  nearest  to  him 
must  know  how  to  perform  artificial  respiration  for  him  until  the 
rhythm  of  his  respiration  is  reestablished.  He  must  have  the 
oxygen  of  the  air,  or  his  heart  will  cease  beating.  There  is  no  time 
to  remove  belts  and  neckties  and  to  open  shirt  fronts ;  this  can  be 
done  by  another  during  the  act  of  resuscitation. 

For  its  simplicity  and  superior  utility,  we  prefer  the  "Prone 
Pressure"  method  of  artificial  respiration,*  illustrated  in  Fig.  i.  The 
three  essentials  of  this  method  to  be  remembered  and  practiced  in 
anticipation  of  an  emergency,  are : — ■ 

I — The  man  is  laid  upon  his  stomach,  face  turned  to  one  side, 
so  that  the  mouth  and  nose  do  not  touch  the  ground. 

II — The  operator  kneels,  straddling  the  patient's  hips ;  or 
kneels  by  either  side  of  the  hips,  facing  the  patient's  head. 


"See  Journal  American  Medical  Association,  Vol.  LI,  Xo.  lo,  and  Collier's, 
Vol.   41,  No.  25. 
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III — The  operator  places  his  spread  hands  upon  the  lower  ribs 
of  the  patient  and  throws  his  own  body  and  shoulders  forward,  so 
as  to  bring  his  weight  heavily  upon  the  lower  ribs  of  the  patient. 

The  operator's  downward  pressure  should  occupy  about  three 
seconds,  then  his  hands  are  suddenly  removed.  Squeezing  the  chest 
in  this  manner  forces  the  air  out  of  the  lungs.  On  release  of  the 
pressure  the  elasticity  of  the  chest  walls  causes  them  to  expand,  and 
the  lungs  are  refilled  with  fresh  air. 

This  act  should  be  repeated  indefinitely  at  the  rate  of  about 
twelve  times  a  minute — the  danger  is  that  in  the  excitement  of  the 
occasion,  the  rate  will  be  too  rapid.     If  the  operator  is  alone  with 


the  patient,  he  can  adjust  the  rate  of  the  artificial  respiration  by  his 
own  deep  regular  breathing;  if  more  persons  are  present,  a  watch 
can  be  used  to  advantage  to  regulate  the  rate.  In  all  cases  the 
efforts  at  resuscitation  should  be  continued  until  the  arrival  of  the 
physician.  Any  evidence  of  returning  breathing  should  encourage 
the  operator  to  continue  his  efiforts.  It  often  requires  one-half  hour 
to  two  hours ;  in  cases  of  drowning,  especially,  it  is  advisable  to 
keep  at  it,  for  recoveries  have  resulted  after  three  hours  of  continu- 
ous artificial  respiration.  The  physician  can  determine  if  the  heart 
is  beating,  and  whether  or  not  continued  efforts  at  resuscitation 
would  be  futile.  The  victim  should  have  the  benefit  of  the  doubt 
if  any  exists. 
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An  operator  can  learn  to  become  expert  by  practicing  on  his 
friends — and  they  on  him — until  he  knows  what  constitutes  the  es- 
sentials in  the  art  of  artificial  respiration.  By  this  method  even  a 
child  can  operate  on  an  adult  and  maintain  sufificient  inflow  and  out- 
flow of  air  (tidal  air)  to  supply  him  with  as  much  air  as  he  would 
secure  were  he  able  to  breathe  voluntarily. 

The  prone  position  of  the  patient  allows  the  tongue  to  fall  for- 
ward, and  permits  water  and  mucus  to  escape  from  the  mouth ;  for 
this  reason  the  prone  pressure  method  is  the  ideal  method  of  resus- 
citating the  drowning,  for  there  is  no  loss  of  time  in  first  pressing 
out  the  water,  as  by  the  old  method.  Edema  of  the  lungs  (accumu- 
lation of  blood  stained  serum  in  the  air  vesicles  and  bronchioles) 
sometimes  complicates  the  profound  collapse  of  electrical  shock; 
hence  this  method,  as  it  allows  the  blood-stained  mucus  to  flow  out, 
is  to  be  preferred.  Furthermore,  as  an  operator  can  work  without 
exhaustion  for  an  imlimited  length  of  time  by  this  method,  there  is 
no  need  of  team  work  and  working  in  relays,  as,  for  example,  with 
the  Sylvester-Laborde  method. 

If  the  operator  is  alone,  the  artificial  respiration  is  his  chief 
concern  and  ofifers  the  only  hope  for  the  victim ;  yet,  if  there  are 
others  to  assist,  there  are  measures  supplemental  to  the  artificial 
respiration  that  may  be  carried  out. 

I — Aromatic  Spirits  of  Ammonia,  on  gauze  or  cotton  held  near 
the  nose,  stimulates  the  respiratory  function — is  even  more  useful 
than  oxygen — yet  is  valuable  only  as  an  adjunct  to  the  other 
measures. 

II — A  dash  of  cold  water  in  the  face. 

Ill — Spanking  the  buttocks. 

Should  the  respiratory  function  continue  in  abeyance,  the  phys- 
ician, upon  his  arrival,  may  render  great  assistance  by  the  hypoder- 
mic administration  of  Atropine  Sulphate  gr.  i/ioo  and  Strychnine 
Sulphate  gr.  1/30,  which  can  be  repeated  at  his  discretion,  or  he  can 
stretch  the  sphincter  ani. 

No  liquid  should  be  given  by  the  mouth  to  a  patient  in  shock, 
or  with  suspended  activity  of  the  reflex  nerve  centers  from  any 
cause:  if  given  under  these  conditions  it  is  more  liable  to  enter  the 
lungs  than  the  stomach. 

Electrical  accidents,  as  encountered  in  the  industrial  applica- 
tions of  electricity,  may  be  classified  as:  first,  flash  injuries,  em- 
bracing burns  of  the  eyes  and  the  skin,  and  second,  contact  injuries. 
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embracing  suspended  animation  and  burns  often  of  a  severe  char- 
acter. The  even  brief  consideration  of  these  several  types  of  injuries 
is  not  within  the  scope  of  the  present  article,  and,  as  they  require 
the  attention  of  the  surgeon,  it  is  understood  that  the  patient  for 
whom  artificial  respiration  has  been  done,  if  he  be  simultaneously 
burned  by  the  contact,  will  subsequently  need  the  surgeon's  care,  as 
tlie  licaling  of  such  electrical  burns  is  in  some  cases  quite  tedious. 

In  the  language  of  E.  A.  Schafer,  Professor  of  Physiology  in 
the  University  of  Edinburgh,  the  prone  pressure  method  of  artificial 
respiration  "proves  to  be  completely  efficacious  and  capable  of 
effecting  an  air  exchange  greater  than  that  produced  in  normal 
respiration."  This  conclusion  was  reached  after  all  other  known 
methods  had  been  experimented  with  and  found  inferior,  in  the  in- 
vestigations carried  out  under  the  auspices  of  the  Royal  iMedical  and 
Chirurgical  Society  of  London  of  whose  committee  Professor 
Schafer  was  chairman. 

The  prone  pressure  method  has  received  quite  universal  recog- 
nition and  in  England  has  been  officially  adopted  by  the  Royal  Hu- 
mane Society,  the  Royal  Life  Saving  Society,  and  the  Coastguard 
.Service.  One  can  acquaint  himself  with  the  method  in  ten  minutes, 
and  such  serious  consequences  result  from  delay  in  case  of  sus- 
l)cnded  respiration  tliat  ignorance  is  inexcusable,  especially  among 
electrical  men.  The  practice  of  the  Westinghouse  Electric  &  Man- 
ufacturing Company  in  holding  weekly  classes  of  instruction  in  the 
art  of  artificial  respiration  in  order  that  all  employees  may  familiar- 
ize themselves  with  tlie  method  may  well  be  followed. 


THE   JOURNAL  QUESTION  BOX 

Our  readers  arc  invited  to  use  this  deparfiiu'Jit  for  obtaining  information 
on  ekeirieal  and^  vieehanical  subjects.  The  topics  sliould  be  of  general  in- 
terest and  of  the  kind  tliat  can  be  treated  briefly.  Each  inquiry  slionld  be 
aciompanicd  by  a  stamped  return   envelope. 

Address  all  questions  to  The  Journal  Question  Box,  care  of  The  Electric 
Journal,  Box  gii,  Pittsburgh,  Fa. 


525 — Cost  of  Illuminants — Refer- 
ring to  "Historical  Exhibit  of 
Lamps,"  in  the  Journal  for 
Dec,  1910,  p.  983,  in  which  is 
given  a  list  of  various  illumi- 
nants with  cost  per  candle-hour, 
please  advise  on  what  rates  for 
gas  and  electricity,  respectively, 
these    costs    are    based.  s.  r.  1. 

These  costs  are  based  on  the 
regular  rates  for  residence  service 
which  obtain  in  Rochester,  where 
the  exhibit  was  presented,  viz.,  95c 
per  M.  cubic  feet  for  gas,  and  8c 
per  kw-hr  for  electricity,       h.  w.  p. 

526 — Instantaneous  Direction  of 
Currents  in  Three-Phase  Sys- 
tems— In  determining  the  in- 
stantaneous direction  of  currents 
in  a  three-phase — three-wire  and 
a  three-phase — four-wire  system, 
would  you  ignore  the  neutral  in 
the  second  case  and  take  it  as  in 
the  first  instance,  i.  e.,  the  mid- 
dle phase  acting  as  a  return  for 
the  other  two  phases?  c.  b.  p. 

In  tracing  out  directions  of 
current  in  three-phase — three-wire 
circuits  it  is  not  necessary  to  deal 
with  instantaneous  currents.  The 
only  necessary  assumption  is  that 
the  current  (at  100  percent  power- 
factor)  in  one  of  the  lines  having 
a  series  transformer,  is  nearly  in 
phase  with  the  e.m.f.  from  that  line 
to  the  one  that  has  no  series  trans- 
former. For  the  purposes  of  the 
diagram  it  is  properly  assumed  that 
the  current  is  exactly  in  phase  with 
the  voltage  and  the  connections  be- 
tween these  two  lines  may  be  treat- 
ed as  simply  as  if  the  circuit  were 
for  direct-current,  assuming  that 
the  line  without  a  transformer  is 
the  return  line.  For  three-phase — 
four-wire  circuits,  however,  it  is 
necessary  to  consider  the  instan- 
taneous direction  or  phase  relation 
between  the  various  currents  and 
e.m.f.'s.  See  section  on  "Assump- 
tions Regarding  Positive  Direction 
of   Currents,  in   "Meter  and  Relay 


Connections,"  p.  260,  May,  1908, 
and  article  on  "Vector  Diagrams 
Applied  to  Polyphase  Connections," 
June,  1908,  p.  341.  H.  w.  B. 

527 — Error  in  Wattmeter  Measure- 
ment Due  to  Phase  Relations — 

Will  the  power  measured  by  a 
wattmeter  whose  current  connec- 
tions are  made  through  series 
transformers  on  the  primary  side 
of  the  power  transformer  and 
whose  potential  connections  are 
made  through  shunt  transform- 
ers on  the  secondary  side  be  as 
accurate  as  when  both  current 
and  voltage  connections  are  made 
on  the  secondary  side?  In  the 
case  in  question,  the  power 
transformers  are  in  three-phase 
— two-phase  connection  and  the 
meter  shunt  transformers  are 
similarly  connected,  as  shown  in 
Fig.  527   (a).  R.N.  A. 
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Fig.  527    (a) 

One  of  the  meter  transformer 
connections  should  be  reversed  as 
shown  by  dotted  lines  at  x  in  the 
diagram  in  order  to  give  correct 
relation  between  the  currents  in 
the  voltage  and  current  windings 
of  the  wattmeter.  The  wattmeter 
will  then  register  correctly,  pro- 
vided the  50  percent  and  86.6  per- 
cent taps  are  correctly  made  on 
the  wattmeter  shunt  transform- 
ers, if  the  power-factor  is  high  and 
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the  load  is  small.  Increase  of  load 
increases  the  impedance  drop  which 
causes  a  displacement  between  the 
primary  and  secondary  voltages  of 
the  power  transformers  from  their 
normal  phase  relation  to  each  other 
which  in  turn  causes  a  correspond- 
ing phase  displacement  between  the 
primary  and  secondary  currents 
from  their  normal  phase  relation 
to  each  other.  With  decrease  of 
power-factor  of  the  load  the  effect 
of  the  change  of  phase  relations 
noted  above  is  increased.       h.  w.  b, 

528 — Application  of  Direct-Current 
and   Alternating-Current   Motors 

— The  following  tive  t3'pes  of 
motors  are  on  hand:  Series, 
shunt,  compound  direct-current, 
three-phase  induction  motor  and 
single-phase  motor.  The  power 
circuit  is  no  volts,  60  cycle  al- 
ternating-current. For  what  use 
is  each  of  the  above  types  of  mo- 
tors best  suited?  Which  would 
be  most  suitable  under  the  fol- 
lowing conditions:  a — Starting 
under  no  load,  load  being  applied 
after  speeding  up;  b — Starting 
under  load;  f— Operating  with 
constant  load  at  constant  speed; 
d — Operating  under  condition  of 
greatly  varying  load  at  constant 
speed;  e — Operating  with  con- 
stant load  at  varying  speed. 

\v.  s. 

Direct-current  motors,  such  as 
those  of  the  three  types  mentioned, 
are  suitable  for  operation  only  on 
direct-current  circuits.  A  three- 
phase  motor  is  suitable  for  oper- 
ation on  a  three-phase  alternating- 
current  circuit.  A  single-phase 
motor  is  suitable  for  operation  on 
a  single-phase  circuit  or  on  one 
phase  of  a  polyphase  circuit.  In 
the  latter  case  attention  must  be 
given  to  the  question  of  balancing 
of  total  load  on  the  respective 
phases  if  the  best  operating  condi- 
tions are  to  be  effected.  The  volt- 
age of  the  circuit  on  which  a  given 
motor  is  operated  must,  of  course, 
be  approximately  the  same  as  that 
for  which  the  motor  is  designed. 
Specific  information  regarding  the 
applicability  of  various  types  of 
motors,  both  alternating  and  di- 
rect-current, is  given  in  various  ar- 


ticles which  have  appeared  in  the 
Journal  and  referred  to  in  The 
Seven    Year    Topical    Index, 

The  following  may  be  stated 
briefly  regarding  the  five  oper- 
ating conditions  named  in  the 
questions :  a — direct-current, — shunt 
or  compound;  alternating-current, — 
single-phase  or  polyphase  squirrel 
cage  induction  motor,  synchronous 
motor,  b — direct-current, — series  or 
compound;  in  the  latter  case  the 
series  field  maj'  be  cut  out  if  con- 
stant speed  is  desired  with  varying 
load;  alternating-current,  —  poly- 
phase induction  motor  with  phase- 
wound  secondary  or  with  high  re- 
sistance squirrel  cage  secondary, 
single-phase  series  motor,  c — direct- 
current, — series,  shunt  or  compound; 
alternating-current,  —  squirrel  cage 
induction  motor,  either  single  or 
polyphase,  or  synchronous  motor 
if  suitable  starting  arrangements 
are  provided  and  it  is  not  required 
to  start  under  considerable  load; 
otherwise  as  in  b.  d — direct-current, 
— shunt ;  alternating-current, — squir- 
rel cage  polyphase  induction  mo- 
tor, e — direct-current, — adjustable 
speed  shunt  or  compound  motor; 
alternating  -  current,  —  multi  -  speed 
polyphase  induction  motor  for  sev- 
eral definite  speeds  only;  poly- 
phase induction  motor  with  phase- 
wound  secondary  (very  inefficient 
for  any  great  speed  reduction.) 

M.  W.  B.  &  ;\.  C.  L. 


CORRECTIONS 

In  the  article  by  Mr.  G.  M.  Eaton 
in  the  Dec,  1910  issue  the  cuts  of 
Figs.  ID  and  11,  p.  946,  were  inter- 
changed. 

Referring  to  page  986,  Dec,  1910, 
the  sixteen  lines  adjacent  to  Fig.  4 
should  reac^  as  follows: — "In  this 
instance  the  100  000  volt  range 
comes  exactly  correct,  but  the 
50000  volt  range  gives  46000  volts 
for  full  scale.  By  reference  to  the 
curve  it  may  readily  be  seen  that 
the  meter  will  give  fairly  accurate 
readings  for  voltages  as  low  as 
10  000  volts,  which  gives  a  deflec- 
tion of  ten  percent  of  the  length 
of  the  scale  when  the  50000  volt 
range  is  used." 
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The  characteristic  features  of  the  new  switch- 
An  Ideal         board     installation     of     the     Congressional     Heat, 

Modern  Light  and  Power  Plant  at  Washington,  which  par- 
Switchboard  ticularl}'  impress  one  in  reading  the  article  by 
Installation  ^fessrs.  Sanderson  and  Turpin  in  this  issue  are 
the  adaptability,  flexibility  and  serviceability  of  the 
switching  equipment  in  meeting  the  needs  and  requirements  of 
such  an  important  and  special  application.  Continuity  of  service 
has  been  given  first  consideration  in  laying  out  this  plant  and  its  sub- 
stations, and  was  one  of  the  prime  objects  influencing  the  selection 
of  the  design  of  measuring,  controlling  and  protective  devices. 

It  is  important  to  note  the  neat,  and  even  artistic,  appearance 
and  arrangement  of  the  entire  installation.  The  particular  type 
of  high-tension,  electrically  operated,  solenoid  type  of  oil  circuit 
breaker  which  was  employed  lends  itself  readily  to  a  uniform 
and  compact  construction,  as  does  also  the  detail  apparatus  for 
operating  the  high-tension  bus-bars,  including  the  sectionalizing, 
knife  blade  disconnecting  switches  and  the  high-tension  current 
and  voltage  transformers.  On  the  panels,  one  is  particularly  im- 
pressed by  the  uniformity  in  design  of  the  indicating  meters,  with 
the  full,  open  face  and  the  clear,  distinct  marking  of  the  dials,  which 
is  very  easily  obtained  because  of  the  unusual  length  of  the  scales. 
The  adaptability  of  the  switching  equipment  is  clearly  shown  in 
the  various  illustrations. 

Because  of  the  foresight  and  careful  attention  to  details  from 
the  standpoint  of  application  to  actual  service  conditions,  which 
are  embodied  in  all  of  this  apparatus,  it  was  feasible  to  use  stand- 
ard equipment  throughout.  xA.n  important  feature  of  the  power 
station  switchboard  equipment  is  that  the  high-tension  circuit 
breakers,  meter  transformers,  insulators  and  supports  for  the  high- 
tension  bus-bars  and  wiring  on  the  lower  floor  are  arranged  so  as 
to  be  completely  separated  from  the  low-tension  control  equipment, 
which,  with  the  necessary  meters  and  low  voltage  wiring,  is  mount- 
ed in  the  gallery  immediately  above.  It  will  be  noted  that  the 
panels  contain  all  the  instruments  for  measuring  the  power  gen- 
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erated  and  distributed,  and  all  the  control  switches  for  the  various 
machines  and  circuits ;  thus,  from  this  vantage  point,  the  switch- 
board chief  can  operate  the  entire  system.  Considering  the  power 
to  be  handled,  the  compactness  and  simplicity  of  the  whole  arrange- 
ment is  remarkable. 

A  possible  complication,  which  might  have  resulted  from  the 
necessity  of  having  practically  two  complete  and  separate  stations 
in  one,  is  easily  avoided,  because  the  switching  equipment  and 
controlling  devices  readily  lend  themselves  to  any  multiplicity  of 
combinations,  thus  emphasizing  their  flexibility. 

The  service  rendered  by  the  equipment  must  be  sure  and  posi- 
tive, and  for  this  reason  it  has  been  selected  from  the  standpoint  of 
mechanical  ruggedness  and  ample  carrying  capacity,  which  insures 
the  serviceability  of  the  switches  and  circuit  breakers  for  handling 
all  reasonable  conditions  of  load — and  unusual  conditions  in  case 
of  accident  on  any  part  of  the  system.  All  the  apparatus  fur- 
nished has  clearly  demonstrated  its  ability  to  fulfill  these 
requirements,  not  only  in  this  particular  installation,  but  through 
satisfactory  service  in  other  stations  of  equal  or  larger  capacity. 

K.  E.  Van  Kuran 


There  are  three  sources  of  abnormal  potential 
Potential  stress  in  a  transformer.  First — the  type  of  stress 
Stresses  in  perhaps  most  dangerous  and  least  capable  of  cal- 
Transiormers  c^ji^tion,  which  occurs  between  turns  or  between 
layers  of  a  transformer  winding  due  to  the  impinging  of  a  moving 
charge  against  the  windings.  Such  charges  usually  come  from  the 
line  and  are  caused  by  static  or  electro-magnetic  disturbances  on  the 
line.  Stresses  of  this  kind  have  been  discussed  in  a  descriptive 
way  at  different  times  but  no  accurate  calculation  of  their  magni- 
tude has  ever  appeared.  Second — Potential  stresses  between 
coils  and  between  windings  and  ground  due  to  the  action  of  the 
windings,  insulation,  iron,  etc.,  as  condensers.  These  stresses  have 
been  generally  recognized.  The  article  in  this  issue  entitled  "Elec- 
trostatic Stresses  and  Ground  Connections,"  by  Mr.  Fortescue, 
gives  an  analysis  of  their  characteristics  and  by  means  of  potential 
diagrams  makes  plain  the  relative  and  possible  values  of  such 
stresses. 

Two    noteworthy   facts   appear   from    Mr.    Fortescue's    paper. 
One  is  that  potential  stresses  due  to  capacity  are  by  far  the  most 
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important  as  relating  to  the  insulation  of  the  low  voltage  side  of  a 
transformer  and  are  then  of  chief  importance  when  the  ratio  of 
transformation  is  large.  The  other  is  that  if  the  relation  of  the 
windings  is  such  that  the  adjacent  coils  have  potentials  of  the  same 
polarity  induced  in  them,  the  maximum  sum  of  the  potentials  due 
to  normal  e.  m.  f.  and  to  induced  static  potential  from  adjacent 
windings  will  be  very  materially  less  than  if  the  relation  of  the 
windings  is  the  reverse. 

The  first  point  is  of  importance  in  indicating  when  special 
provision  against  these  capacity  stresses,  such  as  by  grounding  the 
low  voltage  neutral,  etc.,  should  be  resorted  to.  An  example  of 
this  point  is  that  of  a  11  000  to  220  volt  transformer.  Should  either 
side  of  the  high-tension  circuit  break  to  ground  the  maximum  stress 
on  the  high-tension  winding  would  be  but  11 000  volts.  The  insulation 
of  the  low-tension  or  220  volt  winding,  however,  which  has  often 
been  assumed  to  be  stressed  to  a  maximum  of  but  220  volts,  may  in 
reality  be  subject  to  a  much  higher  stress,  even  as  high  as  one- 
half  of  the  high-tension  voltage.  This  has  a  direct  application  to 
service  distribution,  as  excessive  static  stress  may  appear  in  certain 
cases  on  the  lighting  circuits  with  even  a  2  200  volt  primary  and 
become  much  more  serious  in  case  the  primary  voltage  is  as  high  as 
II  000,  as  sometimes  occurs.  Polyphase  grouping  of  transformers 
introduces  a  new  problem  and  may  still  further  augment  the  pos- 
sible danger. 

The  second  point  referred  to  has  an  important  bearing  on  the 
insulation  test  which  should  be  required  between  high  and  low 
tension  windings  and  between  low  tension  windings  and  ground. 
This  second  question,  that  of  polarity  of  windings,  is  of  chief  im- 
portance when  the  voltages  are  high  and  the  ratios  low.  For 
example,  in  a  66  000  to  6  600  voltage  transformer,  whether  the 
test  is  based  on  the  high-tension  rating  or  on  the  sum  of  both  the 
high  and  low  voltages  is  not  of  vital  importance.  If  however  the  ratio 
is  66  000  to  33  000,  it  makes  a  great  difference  whether  the  polarity 
is  positive  or  negative,  that  is,  whether  adjacent  windings  develop 
e.m.f.s  of  the  same  sign  and  therefore  have  a  relative  stress  which 
is  due  to  the  difference  of  their  values,  or  whether  they  develop 
e.m.f.s  of  opposite  polarity  giving  relative  stresses  due  to  their 
sum.  With  the  assumptions  in  the  article,  a  single-phase,  unground- 
ed neutral  system  with  transformer  ratios  of  66  000  to  33  000  would 
give,  in  case  of  a  high-tension  ground,  a  stress  between  high-ten- 
sion and  low  at  the  terminals  of  adjacent  groups  of  the  respective 
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windings  equal  to  66  ooo  volts  with  positive  polarity,  or  33  ooO 
volts  with  negative  polarity.  The  relative  polarity  may  have, 
therefore,  a  marked  influence  on  the  desirable  or  necessary  insula- 
tion tests  of  the  transformer. 

A  third  form  of  stress  will,  we  understand,  be  discussed  in  a 
later  paper,  by  Mr.  J.  S.  Peck.  The  stresses  described  by  Mr. 
Peck  are  of  purely  electro-magnetic  origin  and  are  caused  by 
faulty  or  disturbed  connections  of  the  windings  of  different  trans- 
formers. While  these  stresses  are  liable  to  be  excessive  under 
particular  conditions,  they  do  not  often  occur  in  practice. 

With  the  extremely  high  voltages  now  coming  into  use,  the 
information  given  by  INIr.  Fortescue  and  Mr.  Peck  is  important 
as  it  serves  to  indicate  safe  and  unsafe  ways  of  winding  and  con- 
necting transformers.  R.  P.   Jackson 


The  recent  mid-year  convention  of  the  American 
Mid=year        Institute    of    Electrical    Engineers,    organized    and 
Convention      very  successfully  conducted  by   the  Pittsfield  and 
A.  I.  E.  E.       Schenectady    Sections,    demonstrates    the    growing 
strength  and  activity  of  the  sections,  and  indicates 
the  new  part  they  promise  to  take  in  the  activities  of  this  national 
society.    As  distances  in  this  country  are  so  great  that  only  a  small 
proportion  of  the  members  attend  the  annual  convention,  local  con- 
ventions held  in  different  localities  fill  a  distinct  need.     A  southern 
convention  held  in  Charlotte  about  a  year  ago,  was  followed  soon 
after  by  one  on.  the  Pacific  coast.     The  average  enrollment  at  the 
three  local  conventions  has  exceeded  that  of  either  of  the  last  two 
annual  conventions.     The  local  conventions  are  not  strictly  local, 
the  enrollment  at  the  one  last  month  including  twenty-five  percent 
of  members   from  a  distance,  representing  fifteen  states  and  two 
foreign  countries. 

The  papers,  discussions  and  general  interest  in  the  two  local 
conventions  which  have  been  held  in  the  East,  have  been  about  on  a 
par  with  the  sessions  of  the  annual  convention. 

Of  special  interest  at  the  recent  convention  were  papers  relating 
to  high-tension  operation  and  to  transformer  construction.  In 
quite  a  number  of  the  papers  oscillograph  records  took  a  prominent 
place,  thus  indicating  present  methods  of  investigation  and  the  new 
field  which  this  instrument  has  opened  up.     The  device  described 
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by  Mr.  Creighton  for  suppressing  an  arc  over  an  insulator  between 
a  high-tension  wire  and  ground,  has  been  put  under  practical  tests 
on  the  circuits  of  the  Southern  Power  Company.  These  tests  were 
described  in  a  paper  by  Messrs.  Burkholder  and  Marvin.  The 
object  is  to  extinguish  the  arc  before  it  has  time  to  do  any  damage. 
The  method  is  to  short-circuit  the  arc  between  wire  and  ground  by 
the  closing  of  an  oil  switch  in  the  station  by  means  of  an  automatic 
relay.  The  current  is  thus  diverted  from  the  arc  to  the  switch, 
whereupon  the  arc  ceases ;  the  current  through  the  switch  is  then 
immediately  interrupted  by  the  opening  of  the  switch. 

Mr.  Nicholson  of  the  Niagara,  Lockport  &  Ontario  Power 
Company  described  a  somewhat  similar  method  which  he  had  de- 
vised and  employed,  in  which  the  arc  is  suppressed  by  diverting  the 
current  through  a  fuse  instead  of  a  circuit-breaker.  He  found 
that  a  short-circuit  on  a  60  000  volt  line  could  be  made  and  broken 
in  five  cycles,  or  one-fifth  of  a  second,  which  is  so  short  a  tire 
that  synchronous  apparatus  upon  the  circuit  was  unaffected. 

These  two  reports  of  tests  which  have  been  going  on  simultan- 
eously and  independently  indicate  a  substantial  advance  in  power 
transmission  by  preventing  the  interruptions  to  service  which  flash- 
overs  on  the  line  have  caused.  This  weakness  has  been  one  of  the 
most  serious  in  power  transmission  work,  for  although  station 
apparatus  might  be  made  immune  to  the  efifects  of  lightning  and 
static  disturbances  by  the  use  of  lightning  arresters,  in  case  of  a 
flash-over  on  an  insulator  there  has  apparently  been  no  practical 
means  of  preventing  a  momentary  interruption  to  service  or  more 
serious  consequences  if  a  remote  insulator  be  destroyed.  \Mien 
an  arc  over  a  high-tension  insulator,  possibly  100  miles  from  the 
power  station,  can  be  instantly  suppressed  by  comparatively  simple 
apparatus  in  the  station  and  a  short-circuit  on  a  transmission  sys- 
tem removed  so  quickly  as  not  to  affect  the  operation  of  sensitive 
apparatus,  a  notable  advance  has  been  made. 

In  the  session  devoted  to  transformers,  nearly  all  of  the  time 
was  given  to  the  self -protection  of  transformers  from  high 
temperatures  on  the  one  hand  and  from  mechanical  injury,  re- 
sulting from  short-circuits,  on  the  other. 

In  the  consideration  of  the  cooling  of  transformers  by  various 
methods,  it  is  interesting  to  note  that  air-blast  transformers  seem 
to  have  dropped  out  of  view.  Air  currents  were  not  even  consider- 
ed as  an  auxiliary  in  connection  with  self-cooling  transformers. 
Artificial  ventilation   applied  to  the  exterior  of  transformer  cases 
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or  to  small   rooms   in  which   transfoniiers  are   located   could   aid 
materially  in  maintaining  low  temperatures. 

The  second  topic  relating  to  mechanical  injury  to  transformers 
due  to  the  mechanical  forces  produced  by  reaction  between  the 
currents  in  the  coils  when  these  currents  are  excessive,  has  be- 
come important  owing  to  the  increase  in  the  size  of  generating 
stations  and  to  the  low  inductance  of  large  transformers,  all  of 
which  tend  toward  excessive  current  in  the  transformer  coils 
when  there  is  a  short-circuit  on  the  secondary  circuit.  These  forces 
are  liable  to  distort  and  injure  the  coils  unless  they  are  rigidly 
supported. 

Instead  of  striving  now  to  secure  the  best  possible  inherent 
regulation,  a  reasonable  amount  of  inductance  in  generators  and  in 
transformers  or  in  an  external  choke  coil  is  advocated  as  a  means 
of  limiting  the  current  on  short-circuit.  Experience  has  shown 
that  not  only  transformers  but  oil  switches  and  lightning  arresters, 
which  have  given  years  of  satisfactory  service  in  fairly  large  plants, 
have  failed  on  very  large  power  systems,  due  to  excessive  short- 
circuit  current.  The  question  naturally  arises  whether  such  a  fail- 
ure should  be  classed  as  defective  design.  Surely  the  designer  for 
present  conditions  cannot  be  expected  to  provide  against  the  most 
severe  conditons  which  growth  in  generators  and  generating  sta- . 
tions  may  bring  about.  It  is  important,  however,  that  the  de- 
signer should  know  definitely  the  conditions  which  are  to  be  met 
and  should  be  able  to  predict  what  his  apparatus  will  do  under 
these  conditions.  Chas.  F.  Scott 


The  operation  of  steam  power  stations  for  high- 
Steam  est  economy  may  involve  other  features  than  low 
Power    Plant    steam  consumption  of  the  prime  movers.     Several 
Economy       points,  frequently  lost  sight  of,  are  brought  out  in 
Mr.  Dreyfus'  article  in  the  present  issue ;  certain 
of  these  merit  special  attention.     Evidence  is  given  under  "Oper- 
ating Conditions,"  for  example,  that  the  highest  possible  economy 
of  the  prime  mover  itself  does  not  necessarily  achieve  the  highest 
over-all  plant  economy.     Moreover,  the  turbine  or  engine  with  the 
lowest  steam  consumption  may  not  actually  possess  the  highest  ef- 
ficiency   as    a    heat    transforming    mechanism.      Manifestly,     the 
actual   steam   consumption   of   the   main   unit   in   any  power  plant 
has     to    be     carefully     considered     in     the     endeavor     to     obtain 
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low  operating  costs,  but  the  investment,  maintenance  and  operative 
features  must  be  correspondingly  and  adequately  reckoned 
with.  There  are  obvious  economic  limits  in  operating  con- 
ditions, and  the  gain  through  low  steam  consumption  of 
the  main  unit  may  be  counterbalanced  by  the  other  items. 
It  is  beyond  question,  in  this  country,  where  coal  seldom  exceeds 
$3.00  per  ton,  and  more  especially  in  the  larger  stations,  that 
in  a  plant  designed  for  200  pounds  steam  pressure  and  200  to  300 
degrees  superheat,  the  increase  in  maintenance  and  operating  costs, 
over  the  use  of  175  pounds  pressure  and  100  degrees  superheat, 
would  more  than  offset  the  saving  at  the  coal  pile,  although  in  the 
one  case  the  water  rate  would  be  12  and  in  the  other  14  pounds 
per  kilowatt-hour.  Similarly,  the  attempt  to  maintain  high  vacuum 
may  easily  neutralize  any  gain  in  steam  consumption. 

In  analyzing  the  results  of  tests  on  steam  turbines  and  engines, 
too  great  care  cannot  be  given  to  keeping  in  mind  the  range 
throughout  which  the  unit  is  working  or,  in  other  words,  the  en- 
ergy which  is  available  to  be  converted  by  the  unit  into  useful 
work.  Thus,  an  engine  operating  non-condensing  with  a  water 
rate  of  20  pounds  per  brake  horse-power,  when  operating  between 
150  pounds  steam  pressure  and  atmospheric  pressure,  has  a  better 
efficiency  than  an  engine  with  a  water  rate  of  14  pounds  per  brake 
horse-power,  but  operating  condensing  from  150  pounds  pressure 
to  28  inches  vacuum.  Hence,  if  use  can  be  found  for  the  steam 
after  leaving  the  engine  which  is  operating  non-condensing,  the  over- 
all economy  of  the  station  may  be  improved.  Thus,  operating 
the  unit  non-condensing  and  utilizing  the  exhaust  for  heating  or 
industrial  purposes,  is  more  advantageous  than  operating  condens- 
ing merely  to  effect  a  lower  steam  consumption. 

The  question  often  arises  as  to  why  performances  obtained  in 
the  United  States  are  not  comparable  with  the  1 1.9  or  12  pounds  per 
kilowatt-hour  which  are  quoted  in  European  tests.  As  pointed  out 
by  Mr.  Dreyfus,  these  figures  mean  nothing  unless  accompanied 
by  a  statement  of  the  operating  conditions.  The  rate  of  11.9  pounds 
per  kilowatt-hour,  quoted  in  the  A.  E.  G.  Rummelsburg  tests, 
means  that  only  65  percent  of  the  available  heat  energy  is  trans- 
formed into  useful  mechanical  work,  whereas  the  rate  of  14.57 
pounds  per  kilowatt-hour,  obtained  on  the  City  Electric  Company's 
machine  in  San  Francisco,  shows  69  percent  efficiency  ratio,  i.  e.,  an 
improvement  of  six  percent,  notwithstanding  its  steam  consump- 
tion is  22  percent  greater.  W.  B.  Flanders    ,. 


SWITCHBOARD  OF  CONGRESSIONAL  HEAT, 
LIGHT  AND  POWER  PLANT 

WASHINGTON.  D.  C. 
C.  H.  SANDERSON  and  M.  C.  TURPIN 

IN  no  Other  class  of  apparatus  has  the  remarkable  development  in 
the  field  of  electrical  apparatus  during  the  last  few  years  been 
more  clearly  exemplified  than  in  that  of  switchboards.  From 
a  crude  structure  having  mounted  thereon  all  of  the  control 
devices  then  in  use,  such  as  knife  switches  with  possibly  some  form 
of  lightning  protection  and  a  few  meters,  the  switchboard  has 
expanded    through    the    various    stages    of    progress    until    it    has 


FIG.    I — VIEW   OF   GENER.'XTING    ST.MION    S\VITCHBO.\RD 

Showing  high-tension  concrete  structure  and  low-tension  control  panels. 

reached  its  present  state  of  excellence  and  appears  as  an  elaborate 
structure  of  masonry  and  marble  built  in  two  or  more  sections  on 
as  many  elevations  and  arranged  for  the  control  of  high  voltage 
apparatus  which  may  be  located  at  some  distant  point. 

A  most  interesting  example  of  this  progress  in  the  growth  of 
switchboard  manufacture  is  furnished  in  the  history  of  the  plants 
which  have  been  supplying  electric  energy  to  the  group  of  public 
buildings  on  Capitol  Hill  at  Washington.     The  first  electric  plant 
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was  installed  in  the  Senate  wing  of  the  Capitol  in  1887  and  con- 
sisted of  two  W'estinghouse  "650  light,"  i  000  volt,  133  cycle  alter- 
nators. Later,  two  "350  light"  n  achines  were  installed  in  the  wing 
devoted  to  the  House  of  Representatives. 

The  switchboard  which  was  used  for  the  control  of  this 
equipment,  when  compared  with  modern  switchboards,  well  illus- 
trates the  rapid  progress  made  in  the  manufacture  of  electric 
apparatus.  It  consisted  of  tongue  and  grooved  three-inch  by 
four-inch  flooring.  The  framework  was  put  together  face  down- 
ward on  the  floor  near  the  final  location  of  the  completed  switch- 
board and  the  wiring  was  then  mounted  on  the  rear  of  the  board. 
The  board  was  then  securely  nailed  against  the  wall,  leaving  no  in- 
tervening space.  There  were  no  bus-bars ;  solid  copper  wires  were 
used,  each  machine  being  connected  directly  to  the  lighting  cir- 
cuits through  the  necessary  knife  switches. 

The  increasing  use  of  electricity  as  an  illuminant  led  naturally 
to  requests  for  additional  lights,  with  the  result  that  the  two  plants 


FJC.     _' — SKLICII     SIIOWIXG     LOCATION     OF     GENERATING     STATION, 
SUB-STATIONS    AND   PUMP   HOUSE 

were  soon  overloaded.  In  1895  the  old  belt-driven  n-achines  in 
both  plants  were  replaced  by  direct-connected  engine-driven 
generators,  and  standard  marble  panel  switchboards  were  installed. 
The  two  boards  were  connected  by  three  feeders,  each  consisting  of 
nine  No.  ooco  wires.  This  connection  was  made  to  enable  either 
plant  to  assist  the  other  in  case  of  accident  or  repairs.  Additional 
generating  units,  switchboard  panels,  and  bus-bars  were  added  from 
time  to  time  to  take  care  of  the  rapidly  increasing  load. 

One  particularly  noteworthy  fact  about  the  plant  which  reflects 
credit  on  the  management  is  that,  notwithstanding  all  the  changes 
and  additions  made  from  time  to  time,  no  interruption  of  service 
ensued.  On  three  different  occasions  it  was  necessary  to  move  the 
switchboards  in  order  to  install  new  ones,  and  so  well  planned  and 
carefully  executed  were  these  undertakings  that  at  no  time  was 
there  any  break  in  the  continuity  of  service. 
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In  the  basement  of  the  Congressional  Library,  which  is  un- 
doubtedly the  finest  building  of  its  kind  in  this  country  and  prob- 
ably in  the  world,  a  generating  plant  was  installed  to  furnish  steam 
and  electricity  for  the  building.  The  generators  were  of  the  130 
volt  Siemens-Halske  outside  commutator  type,  driven  by  Ball 
engines.  The  switchboard  consisted  of  six  white  marble  panels 
with  the  usual  equipment  of  switches,  meters,  and  automatic  carbon 
circuit-breakers.  Five  boosters  for  raising  the  voltage  on  the  long 
heavy  feeders  were  installed. 
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FIG.    3 — DIAGRAM    OF    MAIN    STATION    SWITCHBOARD   CONNECTIONS 

Upon  the  erection  of  the  handsome  office  buildings  of  the 
Senate  and  the  House  of  Representatives  at  either  end  of  the 
Capitol  building,  the  question  of  supplying  heat,  light  and  power 
was  naturally  a  very  prominent  one.  After  careful  analysis  of  the 
costs,  it  was  decided  to  build  a  central  generating  plant  and  furnish 
current  and  steam  heat  to  the  two  new  buildings  and  also  to  the 
Capitol  and  Congressional  Library,  thereby  eliminating  the  three 
existing  plants  in  the  latter  buildings. 
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Inasmuch  as  the  two  older  buildings  were  wired  for  no  volt 
direct  current,  having  numerous  motors  of  this  type  installed,  it 
was  decided  to  generate  alternating-current  and  transmit  it  to  sub- 
stations, one  of  which  would  be  located  in  each  of  the  four 
buildings,  and  at  each  of  these  points  install  motor-generator  sets 
to  deliver  no  volt  direct  current.  In  this  manner  a  similarity  of 
equipment  could  be  maintained  throughout  the  system.  As  prac- 
tically all  of  the  load  on  the  generating  station  consisted  of  motors, 
and  the  maximum  distance  of  transmission  was  nearly  one  mile, 
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FIG.  4 — DIAGRAM   OF  CONNECTIONS   OF  TYPICAL  SUB-STATION   SWITCHBOARD 

6  600  volt,  25-cycle  generating  equipment  was  installed.  An  ad- 
ditional reason  for  choosing  this  frequency  and  voltage  was  that 
they  coincide  with  the  local  system  of  the  Potomac  Electric  Power 
Company.  This  arrangement  is  of  mutual  advantage  to  the  Gov- 
ernment and  to  the  local  company,  as  each  plant  can  furnish  cur- 
rent to  the  other  when  desired.  The  main  and  sub-station  boards 
are  each  equipped  with  a  switch  through  which  connection  can  be 
made  to  the  circuits  of  the  local  power  company.     The  Potomac 
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Electric  Power  Company  furnished  energy  to  operate  the  sub-sta- 
tions previous  to  the  completion  of  the  main  station,  and  energy 
has  also  been  supplied  to  the  local  company  by  the  Government 
plant  at  a  time  when  it  was  desired  to  make  repairs  in  the  Bennings 
Power  Plant. 

The  generating  equip, r.ent  consists  of  four  2  000  k.v.a.  single- 
flow  turbines  and  generators  operating  at  a  steam  pressure  of  175 
pounds  and  under  a  vacuum  of  from  28  to  29  inches.  Field  excita- 
tion is  normally  furnished  from  exciters  direct-connected  to  the  tur- 
bines ;  a  storage  battery  floats  acrosss  the  exciter  bus-bars  for  use 


FIG.    5 — REAR   VIEW    OF    MAIN    STATION    PANEL    BOARD 

Showing  low-tension  wiring  and  rheostats. 
in  emergencies.  Water  for  boiler  feed  and  condensing  purposes 
is  pumped  from  the  Anacostia  branch  of  the  Potomac  River  by  one 
of  two  20-inch  centrifugal  pumps  installed  in  a  pump  house  at  the 
river.  These  pumps  are  driven  by  250  hp,  6  600  volt  vertical  type 
induction  motors  controlled  entirely  from  the  main  station  switch- 
board. The  power  for  the  pumps  is  supplied  through  duplicate 
sets  of  three-phase  cables  from  the  power  house. 

Perhaps  no  feature  in  the  design  of  the  entire  system  better 
illustrates  the  precautions  taken  to  provide  continuity  of  service 
than  the  switchboards  in  the  generating  and  sub-stations.  The 
wiring  scheme  of  the  stations  is  given  in  the  diagrams,   Figs.  3 
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and  4 ;  there  are,  however,  several  features  which  are  not  so  readily 
apparent. 

MAIN    GENERATING    STATION 

The  switching  equipment  divides  the  station  into  two  equal 
parts  of  two  2  000  k.v.a.  units  each.  Each  of  these  parts  may  he 
operated  as  a  separate  and  distinct  station.  One-half  of  each  of  the 
main    6  600    volt,    three-phase    bus-bars    is    termed    the    "lighting 


FI(-..   6 — DETAIL  FRONT  VIEW  OF  HIGH-TENSION   CONCRETE  STRUCTURE 

Showing  electrically   operated   oil   circuit-breakers,   bus-bars   and 
voltage  transformers. 

bus"  and  the  other  half  the  "power  bus,"  each  supplying  one  of 
the  duplicate  feeders  to  each  of  the  sub-stations  and  the  pump 
house.  Either  half  of  the  station  is  of  sufficient  capacity  to  furnish 
energy  to  the  entire  system  when  occasion  demands.  All  four 
generators  may  supply  all  their  energy  to  either  the  lighting  bus- 
bars or  the  power  bus-bars,  but  power  load  may  be  kept  entirely 
distinct  from  the  lighting  load  by  operating  the  two  halves  of  the 
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station  separately,  thus  eliminating  any  objectionable  fluctuation  of 
the  lights.  It  is  obviously  a  simple  matter  to  supply  the  output 
of  energy  of  either  half  of  the  station  to  the  local  company  without 
in  any  way  interfering  with  the  supply  to  the  Capitol  buildings. 

The  switching  equipment  consists  of  two  parts ;  the  nineteen 
panel  white  Italian  marble  switchboard  and  the  high-tension  bus- 
bar and  circuit  breaker  concrete  structure.  The  panel  switchboard 
contains  all  the  measuring  instruments,  controllers  for  the  electric- 
ally operated  circuit 
breakers,  rheostats, 
and  the  main  knife 
switches  and  carbon 
circuit  breakers  for 
the  exciters,  storage 
battery  and  auxiliary 
low  voltage  feeder 
circuits.  The  high- 
tension  structure,  lo- 
cated on  the  engine 
room  floor,  is  built 
of  standard  cinder 
concrete  reinforced 
l)y  one-quarter  inch 
steel  rods.*  It  con- 
tains electrically  op- 
erated oil  circuit 
breakers  with  discon- 
necting switches,  the 
current  transformers 
and  the  oil  insulated 
potential  transform- 
ers with  their  pri- 
mary fuses.  All  instrument  and  control  wiring  leaving  the  switch- 
board is  carried  in  loricated  iron  conduit.  The  location  of  the 
switchboard  immediately  above  the  high-tension  structure,  as  shown 
in  Fig.  I,  greatly  simplifies  the  conduit  system.  The  electrically 
operated  oil  circuit  breakers  consist  of  three  separate  poles,  each 
mounted  in  its  own  compartment,  as  shown  in  Fig.  6,  and  inter- 
connected both  electrically  and  mechanically.     The  bus-bars  consist 


FIG.    7— DETAIL    REAR    VIEW    OF    HIGH-TENSION    CON- 
CRETE  STRUCTURE 

Showing    current    transformers,    disconnecting 
switches  and  conduit  wiring. 


*For  description  of  the  design  and  method  of  building  this  structure, 
see  article  by  Mr.  W.  R.  Stinemetz  on  "High-Tension  Concrete  Switch- 
board Structures,"  in  the  JouKNAt  for  May,  1910,  p.  27i^ 
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of  bare  copper  rod  supported  from  beneadi  by  small  porcelain  petti- 
coat insulators  (See  Fig.  6). 

The  four  generator  panels  are  located  at  the  center  of  the 
switchboard  with  the  exciter  panels  on  the  right  and  the  high- 
tension  feeder  panels  on  the  left.  The  auxiliary  feeder,  storage 
battery  and  motor-driven  booster  panels  are  at  the  right  of  the  ex- 
citer panels.  This  arrangement  divides  the  switchboard  into  two 
logical  halves.  The  center  of  the  switchboard  is  opposite  the  mid- 
dle bay  of  the  gallery  which  is  extended  to  provide  room  for  the 
operator's  desk.  The  operator  is  thus  nearest  to  that  portion  of 
the  board  which  requires  the  most  attention. 

A  set  of  low-tension  bus-bars  is  installed  to  supply  the  local 
three-phase,  four-wire  lighting  and  power  circuits,  and,  as  in  the 
case  of  the  high-tension  switchboard  circuits,  these  are  segregated 
by  means  of  disconnecting  switches  into  power  and  lighting  bus- 
bars. Each  half  is  fed  through  a  group  of  three  step-down  trans- 
formers protected  by  an  automatic  oil  circuit-breaker,  A  storage 
battery  of  74  cells,  having  a  capacity  of  300  amperes  for  eight 
hours,  is  installed  in  the  basement  and  floats  across  the  ex- 
citer bus-bars,  thus  insuring  uninterrupted  excitation.  The  exciters 
are  protected  against  excessive  battery  discharge  by  means  of  car- 
bon circuit  breakers  equipped  with  reverse  current  relays  which 
are  set  to  trip  the  breakers  at  20  percent  reversal  of  current. 

The  switching  scheme  for  excitation  is  double  throw  through- 
out, in  keeping  with  the  plan  of  having  practically  two  separate 
plants.  For  charging  the  battery  a  motor-driven  booster  is  pro- 
vided. This  booster  consists  of  a  125  volt  direct-current  motor 
direct-connected  to  an  interpole  direct-current  generator  having  a 
rating  of  676  amperes  at  65  volts.  The  set  is  located  on  the  engine 
room  floor  immediately  behind  the  high-tension  concrete  structure 
and  is  controlled  from  the  gallery  directly  above. 

In  addition  to  the  field  excitation,  direct-current  energy  is  em- 
ployed for  the  operation  of  the  crane,  ash  handling  machinery 
and  machine  shop  motors  and  also  for  the  emergency  lighting  cir- 
cuits in  the  main  station  and  each  of  the  sub-stations.  These 
emergency  circuits  are  fed  by  separate  pairs  of  cables  from  the 
main  switchboard  and  comprise  about  one-fourth  of  the  entire  light- 
ing in  each  station.  They  are  controlled  by  solenoid  switches  which 
operate  automatically  on  the  principle  of  a  no-voltage  relay.  At  the 
sub-stations,  the  solenoids  and  emergency  circuits  sre  connected  to 
the  bus-bars.    Should  the  direct-current  voltage  fail  for  any  reason, 
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the   solenoid  plunger   drops,  causing  the  emergency   circuit   to  be 
transferred  to  the  storage  battery. 

The  emergency  lighting  at  the  main  station  is  connected  nor- 
mally to  the  alternating-current  lighting  bus-bars,  and  the  solenoids 
of  the  emergency  switches  receive  their  energy  from  the  direct - 
current  bus-bars  through  the  contacts  of  an  alternating-current  no- 
voltage  relay.  The  emergency  circuit  is  thus  automatically  trans- 
ferred to  the  storage  battery  should  the  alternating-current  voltage 
fail.  At  no  time  will  there  be  any  possibility  of  any  of  the  stations 
being  in  darkness  due  to  failure  of  the  generating  or  transmission 
svstem. 


FIG.    8 TYPICAL    SUB-STATION    PANEL    SWITCHBOARD 

Control  of  Pumps — The  operation  of  the  induction  motors  in- 
stalled in  the  pump  house  is  controlled  entirely  from  the  main 
switchboard  at  the  generating  station,  as  noted  above.  The  com- 
plete connections  are  shown  in  Fig.  3.  The  same  pair  of  auto- 
transformers  is  used  for  starting  both  motors,  the  complete  opera- 
tion of  starting  the  motor  and  connecting  it  to  the  6  600  volt  bus- 
bars being  accomplished  by  means  of  a  single  five-position  control- 
ler designed  specially  for  the  purpose.  The  first  position  trips  the 
main  oil  circuit  breaker  if  it  is  closed  when  the  operation  of  start- 
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ing  the  motor  is  begun ;  the  second  closes  the  auxiHary  oil  circuit 
breakers,  applying  the  starting  voltage  through  the  auto-transform- 
ers; the  third  is  "starting"  position,  the  auxiliary  circuit-breaker 
closing  coils  being  disconnected  from  their  source  of  power  but 
the  circuit  breakers  remaining  closed ;  the  fourth  simultaneously 
trips  the  auxiliary  circuit  breaker  and  closes  the  main  breaker 
connecting  the  motor  to  the  main  bus-bars;  the  fifth  or  "'ofit'"'  posi- 
tion opens  the  closing-coil  circuit  of  the  main  breakers.  Red  and 
green  indicating  lamps,  which  indicate  whether  the  cycle  of  opera- 
tion is  being  properly  performed,  are  provided  for  both  starting  and 
running  breakers.  The  controller  is  provided  with  a  ratchet  which 
prevents  reverse  operation,  thus  eliminating  the  possibility  of 
throwing  the  motor  directly  on  full  voltage.  It  is  also  provided  with 
a  spring  which  automatically  returns  it  to  the  "off"  position.  The 
pump  house  is  provided  with  the  proper  equipment  of  oil-break  and 
disconnecting  switcbiCS  so  that  either  motor  may  be  connected  to 
either  of  the  duplicate  feeder  cables  from  the  plant.  No  attendant 
is  required  in  this  station  as  normally  the  motors  arc  controlled 
from  the  main  switchl)oard.  The  oil  switches  and  other  auxiliar}' 
apparatus  in  the  pump  house,  such  as  switches  for  the  lighting  cir- 
cuits and  five  horse-power  motor  in  the  sump  pit,  are  mounted  on 
a  black  marine  finished  slate  panel  switchboard. 

SUB-STATIONS 

The  four  sub-stations,  at  the  Capitol,  Congressional  Library, 
and  the  House  and  Senate  office  buildings,  as  well  as  the  pump 
house,  are  each  connected  to  the  main  station  by  duplicate  sets  of 
three-conductor,  paper  insulated  lead-covered  cables  laid  in  vitrified 
tile  conduits.  The  sub-stations  are  equipped  with  motor-generator 
sets  each  consisting  of  one  6  600  volt  synchronous  motor  direct- 
connected  to  and  mounted  on  a  common  bed  plate  with  one  400 
kw,  125  volt  compound  wound  direct-current  generator  and  an 
induction  motor  for  starting.  The  Capitol  sub-station  has  five 
motor-generator  sets ;  the  House  office  building,  four ;  the  Senate 
office  building  and  Congressional  Library,  three  each. 

The  wiring  diagram  for  all  the  sub-stations  is,  except  for  the 
number  of  machines,  the  same  as  that  shown  in  Fig.  4.  The  high- 
tension  switchboard  panels  and  the  oil  circuit  breaker  and  bus-bar 
structures  for  the  sub-stations  are  of  the  same  general  design  as 
those  for  the  main  station.  The  main  alternating-current  bus-bars 
are  sectionalized  by  means  of  an  oil  circuit  breaker  and  its  dis- 
connecting switches  so  that,  as  in  the  main  station,  each  sub-station 
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may  be  operated  as  two  independent  stations  or  as  a  unit.  Here 
again,  with  two  complete  sets  of  bus-bars,  any  or  all  machines  can 
be  connected  to  deliver  current  to  either  the  lighting  or  the  power 
bus-bars.  The  motor-generator  sets  may  be  started  from  either  half 
of  the  alternating-current  bus-bars  by  means  of  the  starting  motors, 
or  if  desirable  any  set  may  be  started  from  either  of  the  direct- 
current  bus-bars. 

In  the  summer  time  when  the  load  is  light  the  Capitol  sub- 
station will  be  used  as  a  distributing  station  and  the  others  will 


FIG.    9 — INTERIOR  VIEW   OF   GENERATING    STATION    SHOWING 
TURBO-GENERATORS  AND  CONDENSERS 

Bay  of  switchboard  gallery  at  right, 
be  shut  down.     To  overcome  the  line  drop  due  to  direct-current 
distributed  in  this  manner  a  booster  set  will  be  installed. 

The  Congressional  power  plant  is  under  the  supervision  of  Mr. 
Elliott  R.  Woods,  Superintendent  of  Grounds  and  Buildings,  and 
under  the  immediate  supervision  of  Mr.  C.  P.  Gliem,  chief  elec- 
trical engineer,  to  whom  much  credit  is  due  for  many  .of  the  ad- 
vantageous engineering  features  adopted  in  this  well  equipped  sta- 
tion. The  engineering  work  was  done  by  Westinghouse,  Church, 
Kerr  &  Company.  The  Westinghouse  Electric  &  Manufacturing 
Company  furnished  the  generating  and  sub-station  equipment, 
switchboards  and  motors. 
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HISTORY  OF  THE  AIR  BRAKE- 

ITS  CONCEPTION,  INTRODUCTION  AND  DENELOPMENT 
GEORGE  WESTINGHOUSE 

Y  first  idea  of  braking  apparatus  to  be  applied  to  all  of 
the  cars  of  a  train  came  to  me  in  this  way;  a  train  upon 
which  I  was  a  passenger  between  Schenectady  and  Troy 
in  1866  w^as  delayed  a  couple  of  hours  due  to  a  collision  between 
two  freight  trains.  The  loss  of  time  and  the  inconvenience  arising 
from  it  suggested  that  if  the  engineers  of  those  trains  had  had 
some  means  of  applying  brakes  to  all  of  the  wheels  of  their  trains, 
the  accident  in  question  might  have  been  avoided  and  the  time 
of  my  fellow-passengers  and  myself  might  have  been  saved. 

The  first  idea  which  came  into  my  mind,  which  I  afterwards 
found  had  been  in  the  minds  of  many  others,  was  to  connect  the 
brake  levers  of  each  car  to  its  draft-gear  so  that  an  application  of 
the  brakes  to  the  locomotive,  which  would  cause  the  cars  to  close 
up  toward  the  engine,  would  thereby  apply  a  braking  force  through 
the  couplers  and  levers  to  the  wheels  of  each  car.  Although  the 
crudeness  of  this  idea  became  apparent  upon  an  attempt  to  devise 
an  apparatus  to  carry  the  scheme  into  effect,  nevertheless  the  idea 
of  applying  power  brakes  to  a  train  was  firmly  planted  in  my  mind. 

Shortly  afterwards,  wdiile  I  was  in  Chicago,  the  superintendent 
of  the  Chicago,  Burlington  &  Quincy  Railroad,  Mr.  A.  N.  Towne, 
invited  me  to  inspect  what  was  then  considered  an  ideal  passenger 
train,  namely,  the  Aurora  Accommodation.  I  accepted  this  invita- 
tion and  while  looking  over  the  train  which  was  fitted  with  a  chain 
brake,  I  was  introduced  by  Mr.  Towne  to  Mr.  Ambler,  the  inventor 
of  that  brake.  The  Ambler  brake,  as  was  explained  to  me,  con- 
sisted of  a  windlass  on  the  locomotive  which  could  be  revolved  by 
pressing  a  grooved  wheel  against  the  flange  of  the  driving-wheel 
to  wind  up  a  chain  which  extended  beneath  the  entire  train  over  a 
series  of  rollers  attached  to  the  brake  levers  of  each  car  and  so 
arranged  that  the  tightening  of  the  chain  caused  the  brake  levers  to 
move  and  thereby  apply  the  brake  shoes  to  the  wheels.  I  ventured 
to  say  to  Mr.  Ambler  that  I  had  been  working  upon  a  brake  myself, 
but  was  immediately  informed  by  him  that  there  was  no  use  working 
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upon  the  brake  pro])lem,  because  be  bad  devised  the  only  feasible 
plan,  which  was  fully  protected  by  patents.  Mr.  Ambler's  opinion 
and  advice,  however,  proved  to  be  an  incentive  to  a  more  energetic 
pursuit  of  the  subject. 

As  an  improvement  on  Mr.  Ambler's  plan,  I  considered  the  use 
of  a  long  cylinder  to  be  placed  under  the  locomotive,  the  piston 
of  this  cylinder  to  be  so  connected  to  the  chain  that  it  could  be 
drawn  tight  by  the  application  of  steam  from  the  locomotive  boiler 
with  a  force  which  could  be  more  accurately  controlled  than  was 
possible  with  the  windlass  arrangement.  A  short  study  of  this 
idea  showed  that  it  would  be  impossible  to  have  a  cylinder  long 
enough  to  operate  a  chain  brake  upon  more  than  four  or  five  cars, 
whereas  trains  of  ten  and  twelve  passenger  cars  were  frequently 
run  upon  the  important  railways. 

My  next  thought  was  the  placing  of   a  steam  cylinder  under 
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Commonly  known   as  the  "Straight   Air"   brake. 

each  car  with  a  pipe  connection  extended  from  the  locoaiotive  be- 
neath its  tender  and  under  each  car,  with  flexible  connections  of 
some  sort,  not  then  thought  out,  so  that  steam  could  be  trans- 
mitted from  the  locomotive  through  the  train  pipe  to  all  of  the  cyl- 
inders ;  but,  as  in  the  case  of  the  attempt  to  improve  the  chain 
brake,  it  required  but  little  time  with  some  experimentation  to  dis- 
close the  fact  that  it  would  be  impossible,  even  in  warm  weather, 
to  successfully  work  the  brakes  upon  a  number  of  cars  by  means 
of  steam  transmitted  from  the  locomotive  boiler  through  pipes  to 
brake  cylinders. 

Shortly  after  I  had  reached  this  conclusion,  I  was  induced 
by  a  couple  of  young  women  who  came  into  my  father's  works  to 
subscribe  for  a  monthly  paper,  and  in  a  very  early  number,  prob- 
ably the  first  one  I  received,  there  was  an  account  of  the  tunneling 
of  Mount  Cenis  by  machinery  driven  by  compressed  air  conveyed 
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through  3  000  feet  of  pipes,  the  then  depth  of  that  tunneh  This 
account  of  the  use  of  compressed  air  instantly  indicated  that  brake 
apparatus  of  the  kind  contemplated  for  operation  by  steam  could 
be  operated  by  means  of  compressed  air  upon  any  length  of  train, 
and  I  thereupon  began  actively  to  develop  drawings  of  apparatus 
suitable  for  the  purpose  and  in  1867  promptly  filed  a  caveat  in  the 
United  States  Patent  Office  to  protect  the  invention.  In  the  mean- 
time, I  had  removed  from  Schenectady  to  Pittsburg,  where  I  met 
Mr.  Ralph  Baggaley,  who  undertook  to  defray  the  cost  of  construct- 
ing the  apparatus  needed  to  make  a  demonstration. 

At  that  time  no  compressed  air  apparatus  of  importance  had 
within  my  knowledge  been  put  in  operation.  The  apparatus  needed 
for  a  demonstration  was,  however,  laboriously  constructed  in  a 
n^achine  shop  in  Pittsburg,  being  finally  completed  in  the  Sum- 
mer or  early  Autumn  of  1868.  This  apparatus  consisted  of  an 
air  pump,  a  main  reservoir  into  which  air  was  to  be  compressed 
for  the  locomotive  equipment,  and  four  or  five  cylinders  such  as 
were  to  be  put  under  the  cars,  with  the  necessary  piping,  all  so 
arranged  that  their  operation  as  upon  a  train  could  be  observed. 
Railway  officials  of  the  Pennsylvania  and  Panhandle  railroads  were 
then  invited  to  inspect  the  apparatus  and  witness  its  operation. 
As  a  result,  the  Superintendent  of  what  was  then  known  as  the 
Panhandle  Railroad,  Mr.  W.  W.  Card,  oft'ered  to  put  the  Steuben- 
ville  accommodation  train  at  my  disposal  to  enable  me  to  make  a 
practical  demonstration.  The  a])paratus  exhibited  was  removed 
from  the  shop  and  applied  to  this  train,  which  consisted  of  a  loco- 
motive and  four  cars.  Upon  its  first  run  after  the  apparatus  was 
attached  to  the  train,  the  engineer,  Daniel  Tate,  on  emerging 
from  the  tunnel  near  the  Union  Station  in  Pittsburg,  saw  a  horse 
and  wagon  standing  upon  the  track.  The  instantaneous  application 
of  the  air  brakes  prevented  what  might  have  been  a  serious  accident, 
and  the  value  of  this  invention  was  thus  quickly  proven  and  the 
air  brake  started  upon  a  most  useful  and  successful  career. 

In  the  development  and  introduction  of  the  air  brake.  I  was 
controlled  by  the  apparent  fact  that  the  apparatus  would  have  to 
be  uniform  upon  all  cars  to  provide  for  the  convenient  change  of 
the  composition  of  trains.  It  also  was  most  obvious,  in  view  of  the 
crying  demand  for  some  better  means  for  stopping  trains,  that  some 
power  brake  would  inevitably  be  universally  applied  to  all  of  the 
cars  and  engines  upon  all  railways.  These  ideas  naturally  involved 
a  further  one,  namely,  the  importance  of  having  all  of  the  brake 
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apparatus  made  by  one  company,  so  as  to  insure  absolute  uniformity 
and  consequent  interchangeability,  and  this  led  to  the  formation  of 
the  Westinghouse  Air  Brake  Company  early  in  1869. 

The  essential  parts  of  the  air  brake  as  first  applied  were : 

An  air-pump  driven  by  a  steam  engine  receiving  its  supply  from 
the  boiler  of  the  locomotive; 

A  main  reservoir  on  the  locomotive  into  which  air  was  com- 
pressed to  about  60  to  70  lbs.  pressure  per  square  inch ; 

A  pipe  leading  from  the  reservoir  to  a  valve  mechanism  con- 
venient to  the  engineer; 

Brake  cylinders  for  the  tender  and  each  car ; 

A  line  of  pipe  leading  from  the  brake  valve  under  the  tender 
and  all  of  the  cars,  with  a  pipe  connection  to  each  brake  cylinder. 

Flexible  hose  connections  between  the  cars  provided  with 
couplings  having  valves  which  were  automatically  opened  when  the 
two  parts  of  the  couplings  were  joined  and  automatically  closed 
when  the  couplings  were  separated,  so  that  the  valve  of  the  coup- 
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FIRST  FORM   OF   HOSE  COUPLING  WITH   CHECK  VALVES 

As  used  with  the  straight  air  brake  of  1869. 

ling  at  the  end  of  the  train  was  always  closed  and  prevented  the 
escape  of  air  when  introduced  into  the  brake  pipe. 

The  piston  of  each  cylinder  was  attached  to  the  ordinary  hand- 
brake lever  in  such  a  manner  that  when  the  piston  was  thrust  out- 
ward by  the  admisssion  of  compressed  air,  the  brakes  were  applied. 
When  the  engineer  had  occasion  to  stop  his  train,  he  admitted  the 
air  from  the  reservoir  on  the  locomotive  into  the  brake  cylinders 
through  the  train  pipe.  The  pistons  of  all  cylinders  were,  it  was 
then  supposed,  simultaneously  moved  to  set  all  of  the  brakes  with 
a  force  depending  upon  the  amount  of  air  admitted  through  the 
valve  under  the  control  of  the  engineer. 

.  To  release  the  brakes,  the  handle  of  the  brake  valve  was 
moved  so  as  to  cut  oflf  communication  with  the  reservoir  and  then 
to  open  a  passage  from  the  brake  pipe  to  the  atmosphere,  permitting 
the  air  which  had  been  admitted  to  the  pipes  and  cylinders  to 
escape. 

The  success  of  the  apparatus  upon  the  first  train  was  followed 
by  an  application  of  an  equipment  to  a  train  of  §ij?  gars  on  the 
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Pennsylvania  Railroad,  and  in  September,  1869,  this  train  was 
placed  at  the  disposal  of  the  Association  of  Master  Mechanics 
representing  numerous  railways,  which  association  was  then  in 
session  at  Pittsburg.  The  train  was  run  to  Altoona  and  the  air 
brakes  were  used  exclusively  for  controlling  the  speed  of  the  train 
on  the  eastern  slope  of  the  Alleghenies,  and  special  stops  were  made 
at  the  steepest  portions  of  the  line  in  such  an  incredibly  short  dis- 
tance (as  we  all  thought  then)  as  to  firmly  establish  in  the  minds 
of  all  present  the  fact  that  trains  could  be  efficiently  and  suc- 
cessfully controlled  by  means  of  brakes  operated  by  compressed 
air. 

The  next  event  of  importance  was  the  application  of  the 
brakes  in  November,  1869,  to  a  longer  train  of  ten  cars  upon  the 
Pennsylvania  Railroad,  which  was  taken  to  Philadelphia  for  the 
purpose  of  demonstrating  to  the  directors  of  that  railway  the 
success   of   the   apparatus. 

The  apparatus  was  then  transferred  to  a  train  consisting  of  a 
new  locomotive  and  six  new  cars,  and  this  train  was  run  to 
Chicago  over  the  Ft.  Wayne  Railroad,  and  a  number  of  tests  were 
immediately  afterwards  made  upon  the  tracks  of  the  Chicago  & 
Northwestern  Railway.  The  outcome  of  these  demonstrations 
was  immediate  orders  for  equipment. 

Works  were  built  in  Pittsburg  for  the  manufacture  of  the 
apparatus  and  were  fitted  with  the  best  tools  obtainable.  Standards 
were  adopted  and  adhered  to  in  the  parts  of  the  apparatus  which 
required  uniformity  in  construction  in  order  to  insure  interchange 
of  the  rolling  stock  so  fitted  upon  various  roads. 

It  soon  developed  that  it  took  considerable  time  to  apply  the 
brakes  with  full  force  and  a  longer  time  to  release  them,  and  that 
in  the  event  of  a  break-in-two  of  a  train  (a  frequent  occurrence  in 
those  days)  the  rear  section  would  be  uncontrolled,  and  when  this 
occurred  upon  an  ascending  gradient,  the  rear  detached  section 
might  run  away  with  disastrous  results.  To  overcome  this  diffi- 
culty a  new  development  was  necessary,  the  outcome  of  which  was 
what  has  since  been  known  as  the  automatic  air  brake. 

In  the  automatic  air  brake  equipment  there  were  the  same 
air-pump,  reservoir,  train  pipe  and  brake  cylinder,  but  in  addition 
to  these  there  were  two  important  features  added  to  the  tender  and 
each  car  equipment ;  the  first,  an  auxiliary  reservoir,  and  the  second, 
a  triple  valve  or  device  interposed  between  the  brake  pipe,  brake 
cylinder   and  auxiliary   reservoir.     This   triple  valve  was   so   con- 
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structed  that  when 
air    was     admitted 
to    the    train    pipe, 
an  opening  was  es- 
tabhshed     between 
the  train  pipe  and 
auxihary    reservoir 
whereby    the   train 
pipe  and   reservoir 
were  hlled  with  air 
u  n  (I  e  r     pressure. 
The      vah'e      also 
opened    a    passage 
from      the      brake 
cyhnder  to  the  at- 
mosphere.     This 
was     the      normal 
condition     of     the 
apparatus     w  h  e  n 
the     brakes     were 
oft".     To  apply  the 
brakes,    the     engi- 
neer   discharged    a 
nortion  of   the   air 
from      the       traii; 
pipe,       whereupon 
the      triple      valve 
closed  the  connec- 
tion   between     the 
brake  pipe  and  the 
reservoir    and    be- 
tween    the     brake 
cylinder     and     the 
atmosphere      a  n  d 
then  opened  a  pas- 
sage from  the  aux- 
iliary reservoir    to 
the  brake  cylinder, 
the  piston  of  which 
was     moved     out- 
wardlv   bv   the   air 
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from  the  auxiliary- 
reservoir  so  as  to 
apply  the  brakes. 
The  restoration  of 
the  pressure  within 
the  brake  pipe  re- 
leased the  brakes 
and  re-charged  the 
reservoir.  This 
development  occur- 
red during  1872 
and   1873. 

The  automatic 
brake  was  at  that 
time  supposed  to 
be  instantaneous 
in  its  action  in  ap- 
plying the  brakes, 
and  almost  instan- 
taneous in  releas- 
ing them.  In  the 
event  of  the  es- 
cape of  air  from 
the  train  pipe  by 
its  ru]:)ture  or  Ijy 
the  separation  of 
the  train,  the  air 
stored  in  the  aux- 
iliary reservoirs 
instantly  and  auto- 
matically applied 
the  brakes  to  all 
parts  of  the  train 
and  they  could 
only  be  released 
by  either  repairing 
the  damage  and 
restoring  the  pres- 
sure, or  by  means 
of  special  release 
valves  operated  by 
the  trainmen. 
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The  automatic  brake  having  proved  itself  vastly  superior  to 
the  plain  or  straight  air  brake  first  described,  it  soon  became  a 
standard,  but  during  the  transition  period  an  automatic  brake  was 
easily  converted  into  a  plain  brake  by  a  manually  operated  special 
valve  arranged  in  the  casing  of  the  triple  valve.  The  gradual 
increase  in  the  length  of  freight  trains  and  the  numerous  accidents 
due  to  lack  of  brake  control  early  suggested  that  automatic  air 
brakes  should  be  made  a  part  of  the  equipment  of  all  freight 
trains. 

In  1885  the  Master  Car  Builders  appointed  a  committee  to 
report  upon  the  feasibility  of  the  application  of  brakes  to  freight 
trains,  and  this  committee  inaugurated  what  are  now  known  as 
the  Burlington  (la.)  brake  trials  made  in  1886  and  1887.  There 
were  presented  two  trains  fitted  with  air  brakes,  one  fitted  with  a 
vacuum  brake  and  one  with  the  brake  operated  by  means  of  attach- 
ments to  the  drawbars  similar  to  the  conception  first  referred 
to.  Each  of  these  trains  had  fifty  cars.  These  tests  proved  the  in- 
adequacy of  the  type  of  automatic  air  brake  then  presented  by  the 
Westinghouse  Air  Brake  Company,  as  well  as  the  inadequacy  of  all 
the  other  brakes  then  tested. 

It  becoming  apparent  that  the  lack  of  success  at  Burlington 
was  due  to  the  comparatively  slow  application  of  the  brakes  upon 
the  rear  portion  of  the  train,  the  effect  of  which  was  to  cause  most 
serious  shocks  almost  like  collisions,  a  new  development  was  im- 
peratively needed  in  order  to  insure  the  successful  handling  of 
freight  trains  of  fifty  cars. 

As  a  part  of  the  automatic  air  brake  passenger  equipment, 
I  had  developed  in  the  '70s  a  system  of  train  signalling  involving 
the  use  of  a  second  train  pipe  which  is  now  in  general  use  upon  all 
the  railways.  This  signaling  apparatus  had  a  sensitive  valve  de- 
vice connected  to  a  small  reservoir  upon  the  locomotive  and  these 
were  so  arranged  that  when  compressed  air  was  admitted  through 
a  small  opening  into  the  signaling  pipe,  both  the  pipe  and  reservoir 
were  charged  to  a  low  pressure  (at  the  present  time  to  45  lbs.). 
By  opening  a  valve  at  any  point  in  the  train  to  permit  a  small 
quantity  of  air  to  escape  from  the  signal  pipe,  the  delicate  valve 
referred  to  was  caused  to  move  so  as  to  admit  air  from  its  auxiliary 
reservoir  to  blow  a  whistle  located  in  the  cab  of  the  locomotive.  It 
was  found  upon  experimentation  that  when  the  valve  in  any  car 
remote  from  the  engine  would  be  opened  and  closed  as  many  as 
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five  times,  the  whistle  would  be  blown  an  equal  number  of  times, 
the  first  time  being  after  the  last  escape  of  air ;  that  is  to  say,  there 
were  set  in  motion  five  distinct  waves  of  air  each  capable  of  doing 
work. 

During  these  developments  it  was  found  that  the  waves  of 
air  within  the  brake  pipe  travelled  as  rapidly  as  sound,  i.  e., 
about  I  100  feet  a  second. 

Being  fully  impressed  with  the  idea  that  if  the  wave  of  air 
which  was  utilized  for  signalling  could  be  made  to  operate  the 
triple  valves  upon  the  cars,  there  would  then  be  an  almost  in- 
stantaneous application  of  the  brakes  upon  the  front,  rear  and 
other  portions  of  the  train,  this  idea,  with  hard  work  and  a  large 
number  of  experiments,  shortly  produced  what  is  now  known  as  the 
quick-action  automatic  brake.  The  Westinghouse  train  was  left 
at  Burlington  in  order  that  the  new  triple  valves  with  the  quick 
action  attachment  could  be  applied  and  further  experiments  made. 
The  valves  as  developed  for  this  emergency  proved  to  be  successful 
and  the  tests  made  with  this  train  after  their  application  were 
eminently  satisfactory  to  the  railway  officials.  This  train,  drawn 
by  two  locomotives,  was  frequently  run  at  speeds  above  fifty  miles 
an  hour  and  the  tests  were  witnessed  by  all  of  the  prominent  rail- 
road people  of  the  country.  The  wide  publicity  given  to  these  tests, 
coupled  with  a  public  demand  for  the  adoption  of  means  to  prevent 
accidents,  brought  about  the  enactment  of  a  law  by  Congress  oblig- 
ing the  railways  to  apply  brakes  and  also  automatic  couplers  to  all 
freight  trains  in  the  United  States.  The  quick  action  automatic 
brake  was  operated  like  the  first  automatic  brake  for  ordinary  train 
movements;  the  quick  action  resulted  only  when  it  was  necessary 
to  apply  the  brakes  for  an  emergency. 

No  sooner  had  the  quick  action  automatic  brake  been  developed 
to  operate  successfully  on  trains  of  fifty  cars  than  new  conditions 
were  presented.  Steel  freight  cars  carrying  enormous  loads  had  in 
the  meantime  been  developed  and  freight  locomotives  had  been 
increased  in  capacity,  so  that  trains  were  often  composed  of 
seventy  to  eighty  cars  and  more  recently  some  trains  have  had 
as  high  as  one  hundred  cars.  This  possibility  had,  however,  been 
foreseen  and  experiments  were  constantly  being  carried  on  to  so  im- 
prove the  apparatus  that  it  could  be  used  to  control  trains  of  any 
practical  length,  and  these  experiments  also  had  in  view  the  more 
nearly  instantaneous  action  of  the  brakes  for  ordinary  service  pur- 
poses  than   was  possible  with  the   automatic  brake   or   with   the 
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quick  action  brake.     The  result  was  a  most  important  development. 

The  present  improved  triple  valve  has  the  emergency  feature, 
but  it  also  has  what  is  known  as  the  quick-service  application 
feature,  that  is  for  ordinary  purposes  the  air  is  admitted  to  all  of 
the  brake  cylinders  so  quickly  that  the  longest  freight  train  can 
be  handled  with  almost  the  precision  obtainable  in  the  control  of 
passenger  trains  of  from  six  to  twelve  cars. 

In  the  matter  of  the  development  of  the  brakes  for  operation 
upon  passenger  trains,  nothing  that  skill  and  perseverance  could 
suggest  has  been  omitted  in  securing  the  highest  degree  of  per- 
fection. The  requirements  during  the  past  few  years,  by  reason  of 
the  greater  weight  of  cars  and  locomotives  and  of  the  higher 
speeds  at  which  they  are  run,  have  necessitated  the  re-designing  of 
all  of  the  passenger  train  brake  apparatus,  including  the  method 
of  attaching  the  brake  shoes  to  the  cars  and  the  levers  and  connec- 
tions for  bringing  these  shoes  to  bear  with  the  required  pressure 
upon  the  wheels.  For  the  purpose  of  insuring  the  highest  efficiency 
every  wheel  of  a  passenger  train,  including  those  under  the  locomo- 
tive, is  now  acted  upon. 

During  the  past  twelve  months,  most  elaborate  tests  of  the 
latest  form  of  apparatus  for  passenger  service  have  been  carried 
out  under  the  direction  of  officials  of  several  railways  and  of  the 
Westinghouse  Air  Brake  Company,  in  order  to  prove  the  opera- 
tiveness  of  the  new  constructions  and  their  capability  to  insure 
the  highest  degree  of  efficiency. 

From  the  very  beginning  of  its  operations,  the  Brake  Com- 
pany has  maintained  a  strong  staff  of  experienced  engineers,  some 
of  whom  are  located  in  each  of  the  large  railway  centers  and  whose 
services  are  always  at  the  command  of  the  railways.  It  is  the 
duty  of  one  or  more  of  these  trained  men  to  proceed  to  the  scene 
of  any  accident  that  may  have  occurred  in  order  to  ascertain  the 
cause,  to  report  thereon  and  to  render  such  aid  and  cooperation  to 
the  railway  officials  as  will  tend  to  avoid  a  like  accident  if  in  any 
manner  the  brake  can  contribute  to  that  end. 

The  Air  Brake  Company  has  always  had  in  its  works,  for 
experimental  purposes,  sets  of  brake  cylinders,  pipes  and  coup- 
lings, representing  the  apparatus  upon  trains  of  various  lengths,  so 
that  tests  and  demonstrations  could  be  readily  made  for  all  sorts  of 
purposes,  including  educating  or  informing  railway  officials  who 
came  to  seek  information.  To  more  effectively  spread  this  in- 
formation,  the  company  about   fifteen  years   ago  constructed   and 
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equipped  a  special  instruction  car  in  which  were  arranged  fifty 
sets  of  brake  cylinders  and  pipes  equivalent  to  like  apparatus  upon 
a  freight  train.  Operative  models  of  all  parts  of  the  apparatus  were 
shown  in  section.  This  car,  in  charge  of  experienced  instructors, 
was  moved  from  place  to  place,  and  engineers,  firemen,  conductors 
and  other  train  employees  in  general  visited  it  to  familiarize  them- 
selves not  only  with  the  operation  of  the  brake  but  with  its  con- 
struction. The  records  show  that  to  December  i,  1910,  the  instruc- 
tion car  had  travelled  over  113  000  miles. 

At  a  banquet  given  in  Washington  to  the  members  of  the 
International  Railway  Congress  in  May,  1905,  a  diplomat,  in  speak- 
ing on  the  subject  of  the  importance  of  railway  brakes,  said  he  felt 
safe  in  saying  the  air  brake  had  saved  more  lives  than  any  general 
had  ever  lost  in  a  great  battle. 

I  have  spoken  of  four  chief  developments.  It  has  been  neces- 
sary, in  order  to  avoid  disastrous  consequences,  that  each  develop- 
ment should  be  of  such  a  kind  that  cars  fitted  with  newer  apparatus 
could  operate  with  little  inconvenience  with  cars  fitted  with  earlier 
apparatus.  As  it  stands  today,  scarcely  any  of  the  old  type  of 
brake  and  the  first  type  of  automatic  brake  are  in  use,  but  should 
a  car  fitted  with  the  first  form  of  automatic  brake  be  found  and 
put  into  a  train  with  the  more  modern  apparatus,  such  older 
apparatus  would  be  found  to  operate  fairly  well  with  the  more  per- 
fect form.  The  prevailing  idea  in  the  development  and  introduction 
of  the  brake  has  therefore  been  an  adherence  to  such  uniformity 
of  apparatus  that  the  interchange  of  traffic  over  various  roads  could 
go  on  uninterruptedly. 

My  story  would  be  incomplete  without  a  reference  to  the  splen- 
did assistance  which  the  railways  of  this  and  many  other  countries 
have  rendered.  They  have  been  lavish  in  providing  those  facilities 
for  making  the  thousands  of  tests  which  were  necessary  to  progress 
in  the  developments  I  have  recited.  To  name  the  railways  and  to 
merely  state  chronologically  the  tests  of  brakes  which  have  been 
made  during  forty  years  would  require  several  volumes. 


MOTOR  APPLICATIONS  IN  THE  TEXTILE  INDUSTRY 

ALBERT  WALTON 

THE  history  of  the  introduction  of  the  small  motor  into  the 
textile  industry  is  very  interesting.  The  industry  is  an 
old  one;  ideas  have  become  fixed  and  textile  machinery 
has  been  rigidly  standardized.  Mills  have  been  running  for  over 
a  century  with  but  few  radical  changes  in  management  or  ma- 
chinery. The  power  equipment  increased  in  size  and  efificiency, 
but  remained  for  generations  the  same  in  type  and  method  of 
application.  A  large  engine,  usually  located  near  the  center  of 
the  long  five  or  six  story  building,   drives  through   ropes  or  belt 
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FIG.    I — 208   SPINDLE,  RING   SPINNING  FRAMES 

Driven  by   S-hp   squirrel-cage  motors 

a  jack  shaft  on  each  floor  from  which  the  power  is  distributed 
by  heavy  belts  and  shafting  to  the  multitude  of  machines.  Units 
of  a  thousand  or  two  thousand  horse-power  were  the  order  of  the 
day.  A  new  growth  meant  a  new  mill,  practically  a  duplicate  of 
the  first.  Father,  son  and  grandson  operated  mills  in  hereditary 
succession  and  inherited  with  the  property  the  ideas  that  were 
in  vogue  when  they  entered  the  active  management.  Eminently 
successful  in  production  and  in  financial  return,  it  was  not  easy 
to  show  wherein  an  advantage  would  accrue  by  any  change, 
especially  such  a  radical  one  as  the  introduction  of  a  new  method 
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of  power  distribution.     To  the  operator  accustomed  to  units  of  a 
thousand  horse-power  and  reahzing  the  advantages  of  these  large 


FTC.    2 — riCKER    ROOM— CELT    DRIVE 


FIG.    3 — PICKER    ROOM — INDIVIDUAL    MOTOR    DRIVE 

installations,   a   motor   of   two  hundred  horse-power   seemed   like 
retrogression.    Adding  to  this  the  natural  suspicion  of  so  mys- 
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terious  a  force  as  electricity,  a  state  of  mind  was  produced  hardly 
to  be  realized  in  this  day  of  the  small  motor. 

About  twenty  years  ago  a  mill  was  equipped  throughout 
with  electric  drive,  receiving  power  from  a  water  wheel  station. 
Motors  of  fifty  to  one  hundred  and  fifty  horse-power  were  in- 
stalled and  operated  successfully.  The  advantages  of  separation 
of  departments  and  independence  of  operation  were  at  once  ap- 
parent and  for  fifteen  years  the  system  grew  in  favor  with  but 
little  change.  It  was  know-n  as  the  group  system  and  was  emi- 
nently satisfactory,  the  ability  to  grow  in  any  direction  and  by 
any  increment  being  a  potent  factor  in  its  development. 


4 — PICKKR   DRIVEN    BY   TEXTILE    MOTOR    WITH    SPECIAL   BEARING 

Showing  same  room  as  Fig.  2,  after  the  change  to 
individual    drive. 

The  item  of  power  saving  was  at  first  erroneously  claimed 
by  engineers  as  a  prime  consideration,  but  it  was  soon  found  that 
although  there  were  many  virtues  to  the  drive  not  possessed  by 
the  more  cumbersome  engine  drive  this  was  not  among  them. 
Results  from  many  reliable  tests  agree  that  a  large  mill  can  trans- 
mit its  power  by  belt  and  shaft  with  a  loss  not  exceeding  twenty- 
two  percent  of  the  total.  While  the  use  of  motors  on  the  group 
system  provided  the  desirable  flexibility  and  independence,  it 
still  retained  a  large  part  of  the  old  mechanical  losses.  The  heavy 
belts  or  ropes  from  flywheel  to  jack  shaft  and  jack  shaft  to  line 
shafts  were  replaced  by  the  electric  system  consisting  of  gen- 
erators, wires  and  motors.    The  losses  eliminated  were  replaced 
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by  greater  ones  making  a  net  loss  in  efficiency  of  power  transmis- 
sion. Overbalancing  this,  however,  was  the  well  known  excel- 
lence of  the  drive  viewed  from  other  sides.  The  development  of 
the  steam  turbine  further  accentuated  these  advantages  and 
placed  electric  drive  on  a  firm  basis. 

About  six  years  ago  a  long  series  of  investigations  was  made 
bearing  on  the  use  of  small  motors  driving  directly  on  the  machines 
themselves  without  intervening  transmission  devices.  After  many 
vicissitudes  and  in  the  face  of  a  complete  apathy  on  the  part  of 
conservative  mill  operators  and  not  a  little  active  opposition  from 


FIG.    5 — WORSTED    SPINNING   FRAMES 

Driven  by  5-hp  motors, 
machinery  manufacturers,  a  great  amount  of  data  and  information 
was  secured  tending  to  show  that  the  use  of  direct  drive  was  em- 
inently desirable.  Eventually  the  special  textile  motor  was  brought 
out  to  meet  the  needs  of  the  situation  and  demonstration  drives 
were  placed  here  and  there  among  the  mills.  The  success  was  im- 
mediate and  gratifying;  there  was  every  reason  why  it  should  be. 
Textile  machinery  is  run  at  high  rotative  speeds  and  an  absolutely 
steady  and  uniform  rate  of  rotation  is  demanded  for  best  pro- 
duction. 

In  the  cotton  mills  the  spinning  frame  drives  were  first  de- 
veloped as  the  high  speed  of  the  driving  cylinder  or  drum  was  con- 
ducive to  direct  connection  to  alternating-current  motors.     Fig.   i 
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shows  the  final  development  of  this  very  successful  application. 
Twenty  motors  of  five  horse-power  capacity  are  shown  driving  ring 
spinning  frames  of  208  spindles  each,  spinning  No.  26  yarn  for 
sheetings.  The  motor  is  controlled  by  a  special  enclosed  switch 
mounted  on  the  end  of  the  spinning  frame  and  operated  from  any 
point  along  the  frame  by  one  of  the  handles  plainly  visible  above 
each  machine.  As  cotton  lint  is  as  inflammable  as  gunpowder,  the 
fire  risk  had  to  be  considered.  It  was  not  difficult  with  induction 
motors  and  oil  immersed  switches  to  eliminate  this  danger  abso- 
lutely and  no  trouble  has  ever  arisen  from  this  source.  The  com- 
pactness of  the  drive  is  well  illustrated   in  this  view  but  only  a 


FIG.    6 — WORSTED   LOOMS 

Driven  by  i-hp  textile    motors. 
visit  to  the  room  itself  could  give  an  idea  of  the  remarkable  uni- 
fc  rmity  of  speed  resulting.    With  turbine  power  back  of  the  motors 
they  do  not  vary  one  percent  from  the  normal  speed. 

The  pickers — the  first  machines  to  work  the  raw  cotton— 
afiford  another  example  of  an  extremely  compact,  neat  drive  that 
has  been  developed  along  somewhat  similar  lines.  The  old  stan- 
dard method  of  driving  these  machines  mechanically  is  well  illus- 
trated in  Fig.  2.  The  forest  of  superstructure  with  its  dirt  and  in- 
efficiency, obstruction  of  light  and  high  cost  of  upkeep  has  been 
eliminated  by  the  direct  drive  shown  in  Fig.  3,  a  view  in 
the  same  room  from  the  same  spot  after  the  change  to  individual 
drive  was  made.    In  this  case  instead  of  inserting  the  motor  shaft 
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into  the  revolving  element  of  the  machine  as  was  done  with  the 
spinning  frames,  the  heavy  beater  shaft  is  inserted  into  the  rotor 
of  the  motor.  There  are  180  of  these  machines  so  driven  in  this 
one  mill,  probably  the  largest  installation  of  its  kind  in  the  world. 
A  special  motor  with  an  ultra-heavy  bearing  was  designed  for  the 
purpose.  This  bearing,  which  forms  an  integral  part  of  the  motor 
frame,  is  bolted  to  the  picker  frame,  replacing  the  picker  bearing. 
The  motor  secondary  is  mounted  directly  on  the  beater  shaft  with- 
out cutting  or  altering  the  shaft  in  any  way,  since  it  must  be  turned 
end  for  end  occasionally  to  bring  the  reverse  edges  of  the  blades 
into  play.    As  shown  in  Fig.  4,  no  outer  motor  bearing  is  necessary. 


FIfi.    7 — SILK    LOOM    DRIVEN    THROUGH    SHOCK- ABSORBING    FRICTION 
CLUTCH  BY  ONE-HALF   HORSE-POWER  MOTOR 

Perhaps  most  surprising  of  all  the  developments  in  the  cotton 
mill  is  that  of  an  individual  drive  on  a  heavy  cotton  loom  weaving 
fabric  for  automobile  tires.  One  hundred  and  forty  of  these  looms 
are  thus  driven  in  a  Massachusetts  mill.  Here  the  parts  are  re- 
ciprocating and  the  rotative  speeds  are  low  but  the  benefits  from  a 
perfectly  uniform  speed  are  most  marked,  much  less  breakage  of 
loom  parts  occurring  on  account  of  the  possiblity  of  making  much 
closer  speed  adjustments. 

Although  the  principal  effort  in  developing  these  drives  was 
originally  expended  in  the  cotton  mill  field  it  has  become  no  less 
popular  in  the  wool,  worsted  and  silk  mills.     Fig.  5  shows  four 
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motors  which  form  part  of  a  large  installation  of  motor-driven 
worsted  spinning  frames.  Here  the  driven  shaft  speed  is  relatively 
low  and  a  Morse  silent  chain  transmits  the  power  from  a  motor  on 
a  bedplate  on  the  floor.  The  great  length  of  these  machines  is 
made  evident  by  this  illustration,  the  power  per  foot  of  floor 
space  being  relatively  small.  These  motors  have  an  efficiency  of 
about  90  percent  and  are  good  illustrations  of  the  latest  textile 
motor  practice.  Owing  to  the  immense  amount  of  lint  and  dust  in 
such  a  room  ah  ordinary  ventilated  type  of  motor  would  not  be  suc- 


FIG.    8 — MOTOR-DRIVEN    SILK    WARPERS 

cessful.  There  are  many  variations  of  this  drive,  some  using 
gears  and  others  short  heavy  belts,  the  belts  and  chains  apparently 
giving 'the  best  results. 

The  drive  for  a  group  of  heavy  worsted  looms  comprising  part 
of  180  similar  applications  is  shown  in  Fig.  6.  The  advantages  of 
this  method  for  an  apparently  difficult  drive  are  so  great  as  to 
make  it  only  necessary  to  show  a  sample  drive  in  actual  operation 
to  insure  an  appreciation  of  its  merits.  It  has  been  one  of  the  most 
successful  applications  yet  made,  although  owing  to  the  bulk  and 
weight  of  the  reciprocating  parts  it  seemed  the  most  unpromising. 

Owing  to  the  importance  of  good  speed  regulation  the  loom 
has  presented  in  all  branches  of  the  industry  an  exceptional  op- 
portunity to  display  the  good  points  of  small  motor  drive.     The 
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silk  industry  was  the  first  to  realize  this,  partly  because  a  yard  of 
their  product  was  so  much  more  valuable  that  improvements  in 
weaving  were  of  more  importance,  and  partly  because  oil  drippings 
from  overhead  shafting  cannot  so  easily  be  removed  as  from  cot- 
ton or  worsted.  In  any  event  an  immense  number  of  silk  mills 
now  consider  this  the  standard  drive  and  will  install  no  other. 
Motor-operated  silk  looms  are  frequently  driven  through  a  shock 
absorbing  gear,  the  motor  having  a  very  high  starting  torque  and 
starting  and  stopping  with  the  loom.  Perhaps  a  more  effective 
drive  still  is  that  shown  in  Fig.  7,  where  a  high  speed  motor  is 


FIG.  9 — SILK  WINDING  MACHINES 

Driven  by  one-half  horse-power  motors  geared  to  cross  shafts, 
geared  to  a  large,  friction  clutch  which  disengages  from  the  loom 
upon  stopping,  thus  effectually  removing  all  shock  from  both 
motor  and  loom.  A  textile  type  switch  controlling  the  motor 
circuit  is  simultaneously  and  automatically  opened,  so  that  power 
consumption  stops  when  the  loom  ceases  operation. 

An  illustration  of  motor-driven  warpers  is  given  in  Fig. 
8.  Many  of  the  smaller  winding  machines  also  are  now  being 
motor-driven,  Fig.  9  giving  an  idea  of  the  cleanliness  and  neatness 
of  a  typical  installation. 

A  hydro-extractor  or  centrifugal  drier  has  always  presented 
one  of  the  most  difficult  problems  for  belt  or  motor  drive.  The 
inertia  of  the  basket  is  very  great  in  proportion  to  the  amount  of 
power  required  to  keep  it  running  after  acceleration   is  complet- 
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ed.  Fig.  10  affords  an  excellent  idea  of  the  most  recent  develop- 
ment in  this  field.  The  use  of  a  motor  with  a  wound  secondary 
and  a  suitable  controller  has  solved  the  problem  to  a  nicety.  Many 
of  these  are  being  installed  in  silk  and  worsted  mills  where  most 
excellent  results  are  being  obtained. 

Illustrations  of  similar  drives  could  be  multiplied  without 
number,  but  enough  have  been  shown  to  demonstrate  the  broad 
field  which  has  already  developed.  Few  textile  mill  electrifications 
are  now  considered  without  a  careful  study  of  the  possibilities  of 
individual  motor  drive,  and  one  cotton  mill  is  now  under  way  in 
which  the  largest  motor  used  will  be  of  20  horse-power  capacity. 

There  is  scarce- 
ly a  branch  of 
the  textile  in- 
dustry, fro  m 
the  ribbon  fac- 
tories to  the 
heavy  carpet 
mills,  which 
does  not  pre- 
sent instances  of 
motor  drive,  and 
the  indications 
are  that  the  ex- 
pansion has  on- 
ly started.  With 
the  high  efficien- 
cies now  obtain- 
able in  the  tex- 
tile motor  all 
the      economies 

of  the  old  engine  drive  are  equalled,  as  only  the  losses 
in  the  generator  and  motors  are  to  be  reckoned  with.  An 
infinite  flexibility  and  independence  is  secured,  a  well-nigh 
ideal  speed  regulation,  cleanliness,  safety,  neatness,  freedom  of 
light  distribution,  ease  of  additional  growth  and  expansion — all 
these  and  many  more  are  advantages  that  are  making  themselves 
felt.  The  time  is  confidently  expected  when  the  use  of  the  in- 
dividual motor  for  all  the  machines  of  a  textile  mill  will  be  as 
standard  practice  as  was  the  old  one  thousand  horse-power  engine 
of  twenty  years  ago. 


FIG.    10 — FORTY-TWO  INCH  CENTRIFUGAL  DRIER 

Driven  by  7.5  horse-power  motor. 


SOME  STEAM  TURBINE  CONSIDERATIONS* 

EDWIN    D.    DREYFUS 

FROM  the  standpoint  of  power  production,  the  present  age  is 
veritably  a  steam  turbine  era.  While  the  gas  engine,  hy- 
draulic turbine  and  reciprocating  steam  engine  may  each  in 
turn  possess  the  greater  advantage  for  certain  conditions,  in  the 
majority  of  instances  present  economic  considerations  dictate  the 
use  of  the  steam  turbine  for  power  generation. 

The  remarkable  growth  of  the  turbine  industry  is  particularly 
noteworthy.  With  but  few  exceptions,  the  turbine  has  displaced 
the  reciprocating  engine  in  all  important  steam-electric  stations.  It 
is  making  rapid  inroads  even  in  marine  work— the  stronghold  of 
the  reciprocating  steam  engine — and  by  reason  of  the  higher  ef- 
TABLE  I 

TURBINE   SPEEDS   FOR  ELECTRIC   GENERATORS 


Poles      2 

4 

6 

8 

10 

60  cycle   3600 
25  cycle    1500 

1800 
750 

1200 

900 

720 

ficiencies  made  possible  in  marine  application  by  the  use  of  reduc- 
tion gears,  it  is  safe  to  predict  that  the  future  power  in  marine 
vessels  will  be  mainly  supplied  by  turbines.  Other  developments 
under  way  point  toward  the  possible  use  of  reversible  and  variable 
speed  turbines  geared  to  shafting,  in  which  field  the  reciprocating 
engine  has  been  so  successfully  applied,  as  well  as  in  condenser 
and  boiler  feed  service.  Compactness  and  simplicity  are  the  de- 
siderata, and  these  are  the  distinguishing  features  of  the  turbine. 

The  intent  of  this  paper  is  to  show  some  important  improve- 
ments in  construction  that  have  developed  in  recent  years  with 
extended  experience.  High  efficiencies  and  excellent  operating  per- 
formance have  directly  followed  the  introduction  of  the  advanced 
designs,  and  these  also  merit  attention. 

ROTATIVE  SPEEDS 

Turbines  are  essentially  high  speed  machines,  the  speed  of  ro- 
tation being  determined  in  electric  service  by  the  generator.  The 
revolutions  per  minute  which  have  been  used  for  alternating-cur- 
ent  work  are  shown  in  Table  I. 


*From  a  paper  read  before  the  Engineers'  Society  of  Pennsylvania,  Dec. 
12,  1910. 
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Small  machines  of  the  reaction  type  of  550  kw  and  under 
have  been  designed  to  run  at  3  600  r.p.m.  for  60  cycles  ever  since 
the  turbine  became  a  commercial  product.  Limitations  in  the  elec- 
trical art  previously  confined  the  rotative  speed  to  within  i  800 
r.p.m.  for  sizes  above  500  kw.     However,  improvements  in  design 


FIG.    I — SEMI-DOUBLE-FLOW  TURBINE,   10  000  KW  CAPACITV,  75O  R.P.M. 

and  construction  now  permit  the  use  of  higher  speeds  for  the  ma- 
chines of  larger  capacity.  Turbines  of  2  500  kw  are  operating 
satisfactorily  at  3  600  r.p.m.,  and  it  is  to  be  expected  that  4  000  kw 
turbines  of  the  same  rotative  speed  will  soon  be  produced. 

In   the  generator  the   design   of   the   rotor   and   the   character 


FIG.   2 — DOUBLE-FLOW     TURBINE,    10  OOO    KW    CAPACITY,    I  8oO    R.P.M. 

Figs.  I  and  2  are  reduced  to  the  same  relative  scale 
of  the  materials  have  been  modified  to  possess  a  large  factor  of 
safety  over  and  above  the  centrifugal  stresses  produced.  Generator 
rotors  of  the  through  shaft  type  have  been  largely  superseded  in 
high  speed  work  by  designs  having  the  shaft  bolted  to  the  ends  of 
the  field  disc  by  means  of  a  non-magnetic  coupling  in  two-pole 
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machines,  and  integral  with  either  half  of  the  rotor  in  four-pole 
machines,  the  whole  securc-l  by  through  bolts.  In  the  high  speed 
turbine  the  problem  of  mechanical  strength  is  simpler,  in  a  measure, 
than  in  the  low  speed  turbine.  The  maximum  blade  or  peripheral 
speeds  are  practically  the  same  in  both  machines,  but  naturally  with 
the  smaller  masses  of  the  higher  speed  machines,  there  is  more 
surety  of  homogeneity  of  metal,  and  consequently  the  rotor  of 
smaller  diameter  could,  if  desired,  be  made  to  withstand  higher 
strains.     The  spindle  also  becomes  about  30  percent  shorter. 

Coincident  with  the  improvement  in  mechanical  construction, 
a  betterment  in  economy  of  three  to  five  percent  has  resulted,  due 
to  altered  distribution  of  steam  and  more  favorable  blade  lengths. 
A  conception  of  the  change  in  dimensions  of  the  turbine  may  be 
obtained  by  comparing  Figs,  i  and  2,  which  show  longitudinal 
sections  of  10  000  kw  turbines  of  750  and  i  800  r.p.m.,  respectively, 


TABLE  II— TEST  RESULTS  OF  1  000  KW  TURBINES 
AT  1  800  AND  3000  R.P.M. 
150  lbs.  gauge,  100  degrees  F.  superheat  and  28  in.  vacuum   (30  in.  bar). 


Date  of 
Test 

Feb. 
'07 

Tan. 
'07 

Avg. 

Aug.  i  Aug. 
1    '09       '00 

Avg.           Percent 

Improvement 

R.P.M. 

1800 

1800 

i  3600    3600 

Half  Load 
Full  Load 

20.4 
I7-T5 

1993 
17.50 

20.17 
17.33 

19.58    19.00    19.29            4-4 
16.79    16.30  '  16.55  1           4-5 

reduced  to  the  same  relative  scale.  An  example  of  the  improve- 
ment in  efficiency  actually  accomplished  is  furnished  by  tests  of  four 
I  000  kw  turbines  for  the  United  States  Navy  Yards,  authenticated 
by  a  government  representative.  In  Table  II  are  included  the 
final  results  obtained  wuth  two  machines  of  i  800  and  two  of  3  600 
r.p.m.,  respectively.  The  gain,  both  in  regard  to  dimensions  and 
efficiencies,  applies  to  larger  units  as  well  as  to  the  i  000  kw  ma- 
chines compared. 

Modern   rotor  constructions  are   shown   in   Figs.  3,  4  and  5, 

The  improvements  in  the  general  design  of  the  turbine  have 

kept  pace  with  those  of  the  spindle  already  noted.     In  the  early 

machines   the   cylinders   were   made   with   rib   and   web   reinforce- 

types,  enhancing  as  it  does  the  mechanical  merits  of  the  machines. 

CONSTRUCTION 

giving  the  high  speed  single-flow  spindle,  the  semi-double-flow  and 
the  straight  double-flow  Parsons  designs.  These  views  evidence 
the  marked  uniformity  of  section  obtaining  in  the  latest  high  speed 
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ments  and  with  equalizer  passages  and  turbine  supports  cast  as  an 
integral  part  of  the  casing.  Material  of  different  thicknesses  at 
certain  parts,  and  the  varying  temperature   occurring  in  the   tur- 


FIG.    3 — SINGLE-FLOW    SPTNDLE 

bine  did  not  encourage  uniformity  of  cylinder  expansion  nor  facili- 
tate the  production  of  the  casting.  Such  features  were  mainly 
accountable  for  the  troubles  at  first  experienced.  The  early  de- 
signs  v.ere   constantly   improved   until   the   construction    shown   in 


FIG.  4 — SEMI-DOUBLE-FLOW   SPINDLE 

Fig.  6  was  developed  within  the  past  two  years.  The  excellence 
of  the  arrangement  is  quite  obvious  in  that  the  cylinder  cover  and 
base  are  entirely  symmetrical  and  not  encumbered  by  external  ports. 
Furthermore,  independent  supports  are  provided  for  the  exhaust 
passages,  permitting  them  to  expand  and  contract  freely  without 


FIG.   5^D0UBLE-FL0W   SPINDLE 

disturbing  the  alignment.  The  important  features  are  shown  in 
the  illustration,  Fig.  y,  of  two  i  ooo  kw  units  at  the  Dartmouth 
Manufacturing  Company,  Dartmouth,  Mass.     These  machines  are 
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equipped  with  combined  automatic  throttle  and  globe  valves  which 
insure  that  the  automatic  stop  is  in  good  operating  condition  at 
all  times,  as  the  various  valve  parts  must  be  capable  of  perform- 
ing their  respective  functions  before  the  machine  can  be  started. 
A  tachometer  is  provided  (visible  in  Fig.  7  at  the  end  of  the  shaft) 
which  serves  as  a  useful  indicator  in  starting  up  and  shutting  down. 
The  preceding  discussion  applies  especially  to  the  smaller  sizes. 
When  large  capacities  are  encountered  a  different  problem  arises. 
The  size  of  the  exhaust  port  becomes  disproportionately  large  as 
compared  with  the  turbine  cylinder,  necessitating  a  casting  that  is 


m%^' 


FIG.    6 — IMPROVED    SINGLE-FLOW    CYLINDER    CONSTRUCTION 

difficult  to  make,  and  naturally  a  division  of  the  large  volume  of 
steam  at  the  low  pressure  end  suggested  itself  to  the  designer. 

In  these  large  machines  the  distance  between  bearings  is  an- 
other item  that  the  designer  must  contend  with  in  dealing  with  bend- 
ing moments  and  stresses.  It  would  be  impractical  to  place  two 
reaction  machines  end  to  end  and  divide  the  flow  in  opposite  direc- 
tions through  the  two  smaller  elements.  One  of  the  solutions,  then, 
was  to  substitute  for  the  longest  and  least  efficient  section  of  such 
a  combined  machine  a  short  impulse  wheel  of  about  equal  efficiency. 
In  doing  this,  the  unit  was  shortened  by  over  30  percent  as  com- 
pared with  the  single-flow  design.  Another  advantage  secured  for 
large  turbines  is  the  elimination  of  two  of  the  dummy  pistons  of 
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the  reaction  type  turbine,  as  the  two  low  pressure  sections  equaHze 
their  end  thrust,  and  the  impulse  section,  with  all  of  the  expansion 
taking  place  in  the  nozzles,  requires  no  counterbalancing.  For  the 
low  speeds  obtaining  in  25  cycle  work,  the  intermediate  stage  is 
retained  as  a  single-flow  element  in  order  to  provide  the  best  blade 
lengths.  A  representative  section  of  this  type  of  machine  is  given 
in  Fig.  I.  A  feature  of  interest  is  the  scheme  employed  to  divide 
the  steam  between  the  two  equal  low^  pressure  stages  at  opposite 
ends  of  the  spindle.  To  pass  this  large  volume  of  steam  through 
external  passages  would  have  required  cumbersome  ports  secured  to 
the  cylinder.  This  was  ingeniously  avoided  by  arranging  steam 
passages  in  the  rotor  so  that  the  steam  to  the  low  pressure  blading 
would  conveniently  flow  as  indicated  by  the  arrows. 


FIG.    7 — TWO    I  000    KW    SINGLE-FLOW    STF.AM    TUDRINE   GENERATOR    UNITS, 
3  600  R.    P.    M. 

Dartmouth  Manufacturing  Corporation,  Dartmouth,  Mass. 

As  previously  indicated,  developments  in  the  art  have  permit- 
ted the  use  of  higher  rotative  speeds  and  consequently  more  efficient 
blading.  Therefore,  for  such  speeds  as  are  employed  in  60  cycle 
work,  a  straight  double-flow  design  lends  itself  admirably.  These 
improvements  have  resulted  in  a  turbine  of  the  type  shown  in  sec- 
tion in  Fig.  2,  which  afifords  an  exceptionally  symmetrical  structure. 
The  subdivision  of  the  steam,  which  is  of  relatively  small  volume 
after  it  issues  from  the  impulse  wheels,  is  very  simply  accomphshed 
by  means  of  a  short  passage  around  the  nozzle  blocks.  An  exterior 
view  of  a  double-flow  turbine  is  presented  in  Fig.  8. 

This  composite,  or  hybrid  design  was  first  conceived  in  this 
country.     It   is   now   rapidly  growing  to  be   a   leading   type   here, 
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while  abroad  it  is  also  gaining  favor  in  a  very  marked  manner.  The 
general  results  of  nozzle  and  blade  experiments  range  from  95  to 
98  percent  efficiency,  while  that  of  single  buckets  may  vary  from 
70  to  85  percent.  While  this  salient  fact  has  not  been  sufficiently 
regarded  in  the  past,  it  was  pertinently  considered  in  an  engineering 
paper  by  Mr.  C.  H.  Smoot,  before  the  National  Electric  Light  As- 
sociation, June,  1909,  and  the  disadvantage  of  several  velocity  drops, 
using  a  number  of  buckets  in  series  for  absorbing  the  energy  of  a 
large  expansion  range,  was  manifested.  Reaction  turbines  have  spe- 
cially constructed  blade  formation  which  provides  the  same  results 
as  nozzles,   i.   e.,   expansion  takes   place   in  both   the   rotating  and 


FIG.    8 10  000   K.V.A.    DOUBLE-FLOW    TURBINE   AND   GENERATOR,    I  800  R.P.M. 

Metropolitan  Street  Railway  Company,  Kansas  City,  Mo. 
Stationary  elements.  In  the  impulse  type  the  area  of  the  steam  pas- 
sage through  the  buckets  is  practically  constant.  With  reaction 
blades  varying  cross-section  of  the  steam  passages  is  established  in 
precisely  the  same  manner  as  with  nozzles.  This  feature  is  illus- 
trated in  the  upper  part  of  Fig.  9,  and  is  a  contributing  factor  in 
the  high  efficiency  records  attained  with  the  reaction  steam  turbine. 
Only  when  these  blades  are  of  relatively  short  lengths  do  they  be- 
come of  uneconomical  proportion  with  respect  to  the  leakage  an- 
nulus.  The  blades  are  shortest  in  the  high  pressure  stage,  and, 
therefore,  the  use  of  the  impulse  wheel  in  this  part  of  the  turbine 
does  not  detract  from  the  efficiency.  Moreover,  the  use  of  the 
impulse  section,  utilizing  a  high  pressure  and  high  heat  drop,  rC' 
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Stecial    Parsons    Blading 


moves  the  wide  difference  of  temperature  and  pressure  within  the 
cyHnder,  which  grows  in  importance  with  large  units. 

The  dift'erence  between  the  two  types  of  blading  which  have 
been  placed  in  the  one  machine  will  be  directly  observed,  as  the 
impulse  buckets  are  of  much  heavier  section  by  reason  of  the  high- 
er velocities  involved,  necessitating  a  wider  face  and  greater  depth 
of  blade.    A  shroud  is  required  to  maintain 
the  steam  in  the  blade  passage,  which  in  the 
reaction  blading  is  neither  necessary  nor  de- 
sirable, inasmuch  as  it  would  not  serve  a 
similar  function.    Owing  to  the  heavier  sec- 
tion of  the  impulse  blades,  and  due  to  the 
/  L-..^       /]  L,^  fact  that  they  usually  run  at  higher  speeds, 

Jj  '-^   Jl  --^         greater  provision  must  be  made  for  safely 
securing  them  to  the  rotor.  Evidently,  there 
exists  little  if  any  difference  in  the  mechan- 
ical integrity  of  the  two  types ;  in  fact,  the 
.J I  ^-^  IJl  -^^         conservatism  is  probably  greater  in  the  re- 
/         ^  _J  action  blading.    Extensive  records  prove  an 

equal  element  of  safety  in  operation,  not- 
withstanding the  prejudiced  criticisms  of 
the  small  radial  clearances  employed.  It  is 
to  be  remembered  that  such  clearances  al- 
low amply  for  all  distortion  which  may 
bring  the  spindle  and  cylinder  in  contact, 
and  more  liberality  in  design  is  unwar- 
ranted. 


'A 


Rateau  Buckets  and  NoAles 


i 

I 


Curtis  Buckets  and  Nozzles 


APPLICATION 


FIG.  9 — TYPICAL  NOZZLE 
AND  BLADE  CONSTRUCTION 

Upper  view,  reaction  blad- 
ing; lower  views,  im- 
pulse nozzles  and  buck- 
ets 


The  turbine  was  for  many  years  confined 
entirely  to  direct  driving  of  generators,  but 
has  recently  come  into  favor  for  boiler 
feed,  exciter  and  condenser  service.  The 
same  considerations  which  have  governed 
the  selection  of  turbines  for  main  units  apply  with  equal  force  to  the 
selection  of  exciter  sets,  and,  inasmuch  as  the  installation  of  steam 
driven  auxiliaries  has  been  found  to  be  most  economical  in  the  ma- 
jority of  power  plants,  this  type  of  machine  is  being  installed  with 
greater  frequency.  The  general  compactness  of  a  turbine  driven  ex- 
citer is  illustrated  in  Fig.  lo,  which  shows  an  arrangement  occupy- 
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ing  the  minimum  of  floor  space.     Similar  units  have  been  installed 
for  isolated  plants  and  also  for  train  lighting. 

In  the  trend  toward  the  displacement  of  reciprocating  ma- 
chinery by  the  rotative  type,  a  unique  and  important  condenser 
has  been  devised  with  auxiliaries  of  the  rotating  type  which  accom- 
odate themselves  to  turbine  drive  by  virtue  of  their  operating 
speeds.  This  type  of  condenser  is  manufactured  under  the  Leblanc 
patents  which  relate  to  the  removal  of  air  from  the  condenser  body 
or  chamber  by  sheets  of  water  projected  from  the  air  pump  runner. 
This  construction*  possesses  many  advantages  other  than  the  par- 


FIG.    lO — 150    KW   TURBINE-DRIVEN    EXCITER 

ticular  point  mentioned  in  this  connection  ;  i.  e.,  that  it  advantageous- 
ly employs  turbine  drive. 

To  complete  the  station  equipment  with  all  turbine  driven  ap- 
paratus, it  is  only  necessary  to  provide  boiler  feed  pumps  of  this 
class.  With  the  better  knowledge  of  the  theory  of  centrifugal 
pumps,  and  with  more  skill  in  their  design,  it  has  become  feasible 
to  furnish  boiler  feeders  of  the  type  shown  in  Fig.  11,  to  deliver 
against  200  to  300  lbs.  pressure.  This  boiler  feed  pump  is  of  the 
three  stage  type,  running  at  650  r.p.m.  and  delivering  500  gallons 
per  minute  against  200  lbs.  pressure  per  sq.  in.  It  requires  a  tur- 
bine of  no  hp  which  is  designed  to  operate  at  165  lbs.  boiler  pres- 


*See  article  on  the  Leblanc  Condenser  by   Mr.    R.    N.    Ehrhart,   in   the 
Journal  for  July,  1910,  p.  526. 
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sure  and  exhaust  against  atmospheric  pressure.  It  is  safe  to  pre- 
dict that  within  a  short  time  the  use  of  the  turbine  will  be  further 
extended  by  the  recent  advent  of  a  practical  reduction  gear,  the 
invention  of  Melville  and  Macalpine.*  The  high  speed  turbine  with 
this  reduction  gear  has  made  its  entry  into  marine  service,  and  it 
is  reasonable  to  expect  that  in  the  near  future  it  will  be  the  prin- 
cipal motive  power  on  marine  vessels.     This  particular  reduction 


FIG.     II — TURBINE-DRIVEN     BOILER    FEED    PUMP 

Rating,  no  hp  at  165  lbs.  boiler  pressure;  650  r.p.m. 
Pumps  500  gal.  per  min.  against  200  lbs.  pressure. 

gear  also  permits  the  best  selection  of  turbine  and  direct-current 
generator  speeds  for  the  most  satisfactory  performance  and  best 
efficiencies  in  both  elements. 

(To  he  continued.) 


*See  article,  "Broadening  the  Field  of  the  Marine  Steam  Turbine,"  bv 
Mr.  George  Westinghouse  in  the  Journal  for  January,  1910. 


WEIGHT  TRANSFER  IN  ELECTRIC   CARS  AND 
LOCOMOTIVES 

G.    M.     EATON 

WHEN  the  axles  of  an  electric  locomotive  or  car  are  inde- 
pendently driven,  that  is,  when  each  axle  is  driven  by  its 
own  motor,  it  is  well  recognized  that  under  maxinuni 
tractive  effort  conditions  the  wheels  on  certain  of  the  axles  will 
slip  on  the  rails  in  advance  of  the  other  wheels.  The  fundamental 
principles  acting  to  produce  this  result,  ho  v.  ever,  are  not  so  gener- 
ally understood  and  a  brief  explanation  will  show  the  iinportance  of 
giving  due  consideration  to  this  as  a  feature  of  design  in  order  to 
obtain  maximum  adhesion  and  reduce  the  liability  of  slipping  of  the 
wheels. 

The  simplest  case  may  be  illustrated  by  a  mine  haulage  locomo- 
tive in  Fig.  I.     Assume  that  the  locomotive  is  standing  still  and  is 
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FIG.     I — MINE     HAULAGE    LOCOMOTIVE    EXERTING     DRAW-BAR 
PULL    AT    STANDSTILL 

I — locomotive;  2 — trailing  load;  3 — dravir  bar;  4 — top  of  the  run- 
ning rail;  5  and  6 — the  driving  motors;  7  and  8 — pinions  on  the  end 
of  the  armature  shafts,  engaging  with  9  and  10  which  are  gears 
mounted  on  the  axles ;  //  and  12 — pairs  of  driving  wheels ;  13 — body 
or  frame  work  of  the  locomotive. 

exerting  its  maximum  draw  bar  pull  in  the  direction  A.  The  draw 
bar  pull,  as  it  is  applied  to  the  locomotive,  may  be  represented  in 
location  and  direction  by  B.  The  wheels  are  then  exerting  an  equal 
force  at  the  rails  and  the  rail  reaction  on  the  locomotive  is  repre- 
sented by  C  =C/2  -]-C/2  which,  under  the  conditions  noted,  is 
equal  to  B.  It  should  be  noted  that  B  is  less  than  the  tractive  effort 
of  the  motors  by  the  amount  necessary  to  overcome  the  static  inter- 
nal friction  of  the  locomotive.  The  two  forces  B  and  C  then  con- 
stitute a  couple  wdiich  is  tending  to  produce  an  anti-clockwise  rota- 
tion of  the  entire  locomotive.  To  maintain  equilibrium  there  must 
be  an  equivalent  couple  tending  to  produce  an  opposite  rotation  of 
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the  entire  locomotive.  It  is  evident  that  the  only  points  where  such 
a  couple  can  exist  are  the  points  of  contact  between  the  wheels  and 
rails  and  the  forces  are  represented  by  E  and  F  which  are  equal. 
That  is  to  say,  a  part  of  the  weight  on  the  wheels  12  is  being  used 
to  maintain  equilibrium  and  is  not  available  for  adhesion,  while 
the  rails  are  exerting  on  the  wheels  ii  a  force  in  addition  to  their 
normal  share  of  weight  and  this  force  as  well  as  the  weight  is 
available  for  adhesion.  If  W  \s,  the  weight  of  the  locomotive  and  if 
in  repose  this  weight  is  equally  divided  between  the  two  axles,  it 
will  be  seen  that  unJjr  maximum  tractive  conditions  the  rail  pres- 
sure on  the  wheels  //  equals    —     -\-  F  and  on  the  wheels   12 


equals 


W 


The   value   of   E   and 


F   may 

E  X  G  or  E 


be    determined 
B   X   D 


from  the  equation  of  equilibrium  B  X  D 

where  D  is  the  distance  of  the  line  of  application  of  the  draw  bar 


^  ^J 


FIG.   2 — MINE   HAULAGE  LOCOMOTIVE 

Accelerating, 
pull  above  the  rails  and  G  is  the  wheel  base  of  the  locomotive. 
The  expression  E  yC  G  will  be  referred  to  as  the  transfer  couple. 
Then  with  an  equal  coefficient  of  friction  between  the  rail  and  each 
set  of  wheels  it  is  evident  that  if  the  motors  5  and  6  are  taking  an 
equal  current  the  wheels  12  will  be  the  first  to  slip. 

It  will  be  noted  that  in  this  discussion  no  attention  has  been 
given  to  the  method  of  mounting  the  motors.  Given  a  constant 
weight  distribution  in  repose  on  the  two  axles  with  various  motor 
arrangements,  it  makes  no  difference  where  the  motors  are  hung 
or  how  they  connect  to  their  axles,  except  that  the  connection  must 
be  such  as  to  produce  an  equal  pull  at  the  wheel  tread  with  equal 
current  in  the  motors.  The  only  factors  necessary  in  determining 
the  value  of  E  or  F,  termed  the  weight  transfer,  are  the  draw  bar 
pull,  the  height  of  the  draw  bar  above  the  rail  and  the  wheel  base. 
This  is  because  the  draw  bar  and  the  wheel  contacts  with  the  rails 
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are  the  only  points  at  which  external  disturbing  forces  acting  upon 
the  entire  locomotive  can  be  applied.  Such  factors  as  gear  tooth 
pressure,  axle  bearing  pressures,  etc.,  are  strictly  internal  forces 
producing  internal  stresses  in  the  locomotive  framing,  etc.,  but 
having  no  effect  upon  the  equilibrium  of  the  locomotive  as  a  whole. 
They  are,  in  other  words,  "boot  strap"  forces. 

If  the  locomotive  service  is  such  that  the  maximum  draw  bar 
pull  is  demanded  in  only  one  direction  it  is  evident  that  the  most 
advantageous  use  of  the  adhesion  can  be  obtained  by  making  the 
normal  or  repose  weight  on  the  wheels  12  equal  to  -^  -j-  E  and  upon 
the  wheels  11  equal  to—  —  F.    Then  under  the  maximum  tractive 


conditions,  each  pair  of  wheels  would  have  a  weight  of 


W 


mailable 


for  adhesion  and  theoretically  both  wheels  would  slip  at  the 


FIG.    3 — MINE   HAULAGE  LOCOMOTIVE 

Standing  on  grade. 

instant.  When,  however,  as  is  usually  the  case,  the  maximum  effort 
is  demanded  in  both  directions  it  is  evident  that  this  arrangement 
would  be  unsatisfactory. 

A  very  easy  way  of  making  use  of  the  total  adhesion  at  all 
times  is  to  connect  the  two  axles  by  quartered  side  rods  as  in  a 
steam  locomotive,  and  mining  locomotives  and  electric  cars  have 
been  built  embodying  this  principle.  The  two  motors  and  the  two 
axles  then  become  a  rotative  unit  and  individual  slippage  can  not 
occur.  Another  method  of  preventing  the  wheels  12  from  slipping 
prematurely  would  be  to  reduce  the  percentage  current  passing 
through  the  motor  6,  and  this  has  been  done  on  some  experimental 
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locomotives.    It  has  proven,  however,  to  be  an  unjustifiable  compli- 
cation. 

When  the  locomotive  is  accelerating,  the  conditions  are  some- 
what different.  The  forces  acting  under  these  conditions  are  indi- 
cated in  Fig.  2.  Assuining  the  tractive  effort  of  the  motors  to  be 
the  same  as  before,  it  will  be  noted  that  the  rail  reaction  upon  the 
wheels,  viz.,  C,  is  less  than  C  in  Fig.  i,  due  to  the  fact  that  the  trac- 
tive effort  of  the  motors  is  partly  expended  in  producing  accelerated 
rotation  of  the  armatures,  gears,  wheels,  etc.,  and  in  overcoming  the 
total  running  friction  of  the  locomotive.  If  it  is  assumed  that  one 
half  of  the  energy  used  in  producing  accelerated  rotation   is  ex- 


FIG.    4 — OUTLINE   OF    MAXIMUM    TRACTION    CAR   SHOWING    HOW 
SLIPPING    OF    DRIVING    WHEELS    OCCURS 

I — Car  body;  2  and  3 — truck  frames;  4  and  5 — pairs  of 
driving  wheels ;  6  and  7 — pairs  of  idle  leading  and  trailing 
wheels;  8  and  9 — driving  motors,  hung  outside  of  the 
truck  wheel  base  for  the  double  purpose  of  securing  a 
short  truck  wheel  base  and  to  throw  a  larger  share  of 
the  weight  upon  the  driving  wheels  4  and  5  than  upon  the 
idle  wheels  6  and  7.  The  gears  and  pinions  are  as  out- 
lined  under  Fig.    i. 

pended  on  the  arniature  and  that  the  other  half  is  absorbed  by 
the  gear  and  wheels,  then  the  forces  producing  this  accelerated  ro- 
tation will  produce  no  weight  transfer.  In  the  case  of  gearless 
motors  a  slight  weight  transfer  is  produced  by  the  forces  which 
cause  accelerated  rotation,  but  as  the  transfer  is  comparatively 
small,  it  will  not  be  of  particular  interest  to  outline  the  method  of 
computation.  (It  should  be  noted  that  the  relative  effects  of  the 
internal  friction  of  the  locomotive  under  the  static  conditions  of 
Fig.  I  and  the  accelerating  condition  of  Fig.  2  have  been  omitted 
from  the  discussion.) 

The  tractive  effort  of  the  motors  during  acceleration  is 
further  expended  in  overcoming  the  inertia  of  advance  of  the  entire 
locomotive.    The  force  exerted  by  the  inertia  of  advance  is  repre- 
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sented  by  H,  Fig.  2,  which  acts  at  the  center  of  gravity  of  the 
entire  locomotive.  The  draw  bar  pull  B'  is  then  the  remainder  of 
the  tractive  effort.  The  equation  of  equilibrium  of  advance  is  C  = 
B'  +  H  and  the  equation  of  equilibrium  of  rotation  of  the  entire 
locomotive  is  E'  X  G  =  B'  X  D  +  H  X  J-  The  expression 
H  yC  J  will  be  referred  to  as  the  inertia  couple. 

When  the  locomotive  is  on  a  grade  as  in  Fig.  3  there  is  a 
weight  transfer  to  the  down  hill  wheels  due  to  the  grade  itself,  the 
weight  IV  being  divided  upon  the  wheels  11  and  12  in  the  ratio  of 
L  to  K ;  however,  under  conditions  practicable  for  adhesive  opera- 
tion this  transfer  is  very  small.  For  instance,  the  transfer  due  to  a 
ten  percent  grade  with  a  locomotive  of  the  type  shown  in  Fig.  3, 
whose  center  of   gravity   is   distant   from  the   rail   by   an   amount 


FIG.     5 DIAGRAM     OK     MAXIMUM     TRACTION     CAR 

EXERTING     DRAW-BAR     PULL     AT     STANDSTILL 


equal  to  say  one-fourth  of  the  rigid  wheel  base,  would  be  approxi- 
mately 2.5  percent  of  the  total  locomotive  weight. 

When  running  up  a  grade  the  rail  reaction  upon  the  wheels 
must  not  only  overcome  the  entire  running  friction  of  the  loco- 
n  otive  and  the  inertia  for  any  acceleration,  but  it  must  also 
actually  lift  the  locomotive  up  the  grade.  The  force  expended  in 
lifting  the  locomotive  itself  constitutes  a  loss  of  draw  bar  pull  and 
this  force  produces  no  weight  transfer.  To  prove  this  fact,  con- 
sider the  locomotive  as  a  single  unit  of  mass,  standing  at  rest  on 
the  grade.  The  weight  supported  on  the  wheels  71  in  Fig  3  may 
be  represented  by  ab  =  'L,  and  the  weight  on  the  wheels  12  by 
dc=^K.  Draw  ac  and  df  perpendicular  to  the  rails  and  draw  be 
and  cf  parallel  to  the  rails.  Then  ac  and  df  represent  the  normal 
pressure  on  the  rails,  and  be  and  cf  represent  the  reactions  parallel 
to  the  rails  "exerted  at  the  points  of  wheel  and  rail  contact"  to  the 
forces  which  hold  the  locomotive  from  running  down  the  grade, 
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or  to  lift  it  up  the  grade.  Since  these  reactions  are  exerted  at  the 
rail  they  can  form  no  couple,  as  they  are  directly  opposed  to  the 
forces  which  the  rails  exert  on  the  wheels.  Therefore,  as  stated, 
the  forces  which  lift  the  locomotive  up  the  grade  produce  no  weight 
transfer. 

If  there  is  acceleration  the  analysis  is  the  same  as  under  Fig. 
2.  The  method  of  calculating  the  weight  transfer  due  to  the  trac- 
tive efifort  under  the  conditions  of  Fig.  3  is  therefore  the  same  as 
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FIG.    6 — ARTICULATED   TRUCK   LOCOMOTIVE   IN    WHICH    TRACTIVE   EFFORT   IS 
TRANSMITTED   THROUGH   TRUCK   FRAMES 


7 — Cab;  2  and  j — truck  frames;  4,  3,  6  and  7 — pairs  of  driving 
wheels;  8,  9,  10  and  // — motors;  12 — a  center  pin  of  the  usual  type; 
7? — a  center  pin  arranged  so  that  instead  of  mating  with  an  integral  part 
of  the  truck  frame  it  engages  with  14,  which  is  a  shoe  arranged  to  slip 
longitudinally  relative  to  the  truck  frame  3,  but  restrained  transversely 
by  15  and  16  which  are  guides  forming  an  integral  part  of  .?;  ly  and 
75 — couplers  carried  directly  on  the  truck  frame;  ig — a  heavy  link  pin- 
ned at  its  ends  to  the  truck  from  2  and  .?,  preferably  at  the  same  height 
above  the  rail  as  the  couplers;  this  link  is  made  with  a  slotted  hole  for 
the  pin  at  one  end  so  that  it  can  act  as  a  draw  bar  between  the  two 
trucks  but  cannot  be  subjected  to  heavy  compression  resulting  from 
bumping  actions;  20  and  21 — solid  buffers  which  receive  the  bumping 
strains.  ^^  *j 

that  outlined  under  Figs,  i  and  2,  excej3t  that  the  draw  bar  pull 
is  decreased  by  the  amount  necessary  to  lift  the  locomotive,  viz., 
20  pounds  per  ton  (2000  lbs.)  of  locomotive  weight  for  each  per- 
cent of  grade. 

Street  cars  equipped  with  maximum  traction  trucks  give  a  very 
practical  illustration  of  the  slipping  of  individual  pairs  of  wheels. 
A  car  of  this  description  is  outlined  in  Fig.  4.  No  exact  details  of 
motor  mounting  are  given  because,  as  before  stated,  such  details 
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have  no  bearing  upon  the  immediate  discussion.  To  reduce  the 
problem  to  its  fundamental  elements  the  discussion  will  be  based 
on  Fig.  5.  In  order  to  parallel  the  discussion  under  Fig.  i,  assume 
that  the  motor  car  i  is  coupled  to  the  trailer  2  and  is  exerting  its 
maximum  tractive  effort  at  a  standstill.  The  draw  bar  reaction 
on  the  motor  car  body  is  then  represented  by  B,  while  N  and  P 
represent  the  center  pin  pull  exerted  upon  the  car  body.  Equilib- 
rium of  advance  is  expressed  by  the  equation  B  =  N  -[-  P>  -^  and 
P  being  equal.  If,  as  indicated,  the  draw  bar  and  the  center  pins 
are  not  at  the  san-.e  level  there  will  be  a  transfer  of  weight  from 
the  truck  14  to  the  truck  75  represented  by  R  and  S.  The  value  of 
the  transfer  is  derived  from  the  equation  B  X  V  ^  R  X  T  or  R  = 
-^^—^ — - —  where  T  is  the  truck  center  distance.  This  value  will 
usually  be  so  small  as  to  be  negligible;  R  and  5  are  equal  as  before. 
In  each  truck  there  is  a  transfer  of  weight  from  the  leading  to  the 
trailing  axle,  the  transfer  being  of  the  same  value  for  each  truck. 
In  the  arrangement  indicated,  however,  it  will  be  seen  that  the 
weight  on  the  driving  axle  of  the  leading  truck   //  is   increased, 

while  that  on  the  driving  axle  of  the  trailing  truck  is  decreased,     it 

p 
will  be  noted  that  P  =  The  value  of  the  transfer  is  derived 

2 

from  the  equation  P  X  W  =  Y  X  Z  or  Y  =  ^^^,  X  and  Y 
being  equal  as  before.  It  is  then  evident  that  under  the  assumed 
conditions  the  driving  axle  of  the  truck  ij  will  be  the  first  to  slip 
as  the  weight  transfer  R  can  not  entirely  offset  Y  and  in  fact  in 
some  cases,  (viz.,  where  B  is  applied  nearer  to  the  rail  than  N  and 
P)  acts  in  conjunction  with  Y  to  hasten  the  slipping  of  the  rear 
truck  driving  axle.  The  remedy  is  apparent,  if  the  car  is  designed 
for  operation  in  direction  A  only.  Under  such  conditions  the  driv- 
ing and  idle  axles  of  the  truck  75  should  be  interchanged.  The  only 
weight  transfer  then  tending  to  produce  premature  slipping  is  R 
which,  as  stated,  is  practically  negligible.  Again,  however,  it  is 
evident  that  for  double  ended  operation  demanding  maximum 
traction  in  both  directions  this  would  not  be  an  operative  arrange^ 
ment. 

In  view  of  the  discussion  under  Fig.  2  it  will  be  sufficiently 
clear  to  state  without  further  illustrations  that  under  accelerating 
conditions  with  a  car  arranged  as  in  Fig.  5  there  will  be  a  weight 
transfer  to  the  center  pin  of  the  truck  75  due  to  the  inertia  of  the 
car  body  acting  at  its  center  of  gravity.     The  arm  of  the  inertia 
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couple  will  be  the  vertical  distance  from  the  center  pin  to  this 
center  of  gravity.  There  will  also  be  in  each  truck  a  transfer  of 
weight  due  to  the  inertia  of  the  truck  itself,  which  may  be  analyzed 
as  outlined  under  Fig.  2. 

In  double  truck  locomotives  designed  for  heavy  pulling,  the 
weight  transfer  can  be  reduced  by  transmitting  the  tractive  effort 
directly  through  the  truck  frames  instead  of  through  the  center  pins 
and  cab.  Fig.  6  shows  a  locoiiotive  of  this  description,  this  type  be- 
ing usually  termed  an  "articulated  truck  locomotive."  Under  static 
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FIGS.     7     .^ND    8 AMERICAN     TYPE    LOCOMOTIVE 

Showing  relation  of  equalization  to  weight  transfer. 


pulling  conditions  each  truck  is  subjected  to  the  weight  transfer  due 
to  the  draw  bar  pull  developed  by  its  own  motors,  the  pull  of  the 
leading  truck,  when  the  articulation  link  is  at  the  same  height  as  the 
couplers,  being  transtnitted  directly  through  the  framing  of  the 
trailing  truck  without  producing  in  it  any  additional  weight  trans- 
fer. The  transfer  produced  is  less  than  that  existing  when  the 
couplers  are  mounted  on  the  cab,  because  in  heavy  locomotives  it  is 
seldom  or  never  practicable  (for  structural  reasons)  to  locate  the 
center  pin  as  close  to  the  rail  as  the  standard  M.C.B.  coupler  height. 
Under  accelerating  conditions  the  weight  transfer  due  to  inertia 
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can  be  derived  by  the  methods  outhned  under  Fig.  5. 

In  the  more  compHcated  wheel  arrangements  existing  in  many 
locomotives  the  same  general  principles  apply.  There  is  one  addi- 
tional feature,  however,  which  must  be  taken  into  consideration, 
viz.,  the  equalizing  system.  Instead  of  taking  the  distance  between 
the  axles  that  may  be  under  consideration  as  the  arm  of  the  trans- 
fer couple  it  is  necessary  to  employ  the  distance  between  the  cen- 
ters of  the  equalization.  This  is  outlined  in  Figs.  7  and  8.*  The 
wheels  i  and  2  are  equalized  together  as  are  also  the  wheels 
8  and  p.  The  weight  of  the  locomotive  body  is  applied  to  the 
truck  at  the  center  pin  and  the  truck  is  so  constructed  that  an 
equal  weight  is  carried  by  each  of  the  wheels  j,  4,  10  and  //.  In  this 
case  the  centers  of  equalization  are  5,  6  and  7,  and  the  arm  of  the 
transfer  couple  is  U.  In  the  case  illustrated  in  Figs.  7  and  8  with 
advance  in  the  direction  A,  an  equal  amount  of  weight  is  removed 
from  each  of  the  wheels  of  the  leading  truck  and  a  like  amount  is 
added  to  each  of  the  drivers. 

It  is  entirely  possible  to  reach  the  results  derived  by  the 
methods  outlined  in  the  preceding  discussion  by  an  analysis  of  all 
of  the  internal  forces  exerted  by  the  various  elements  of  a  particu- 
lar machine  that  may  be  under  investigation.  Such  an  analysis  is 
essential  for  a  proper  proportioning  of  the  various  details  of  the 
structure.  The  analysis  is,  however,  rather  complicated  with  cor- 
responding liability  for  error  and  it  is  always  advisable  to  check 
the  accuracy  of  the  results  thus  obtained  by  the  sole  consideration 
of  external  forces. 


*The  principles  of  equalization  are  outlined  in  an  article  in  the  Journal 
for  December,  igio,  p.  943,  reference  to  which  will  assist  in  an  understand- 
ing of  the  present  discussion  if  these  principles  are  unfamiliar.   , 


ELECTROSTATIC    STRESSES  AND  GROUND 
CONNECTIONS 

THEIR  EFFECT  ON  INSULATION  OF  TRANSFORMER  SECONDARY  WINDINGS 

C.  FORTESCUE 

[This  is  the  seventh  of  the  series  of  articles  on  the  general  subject  of 

continuity  of  service  in  transmission  systems  dealing  particularly  v^rith  static 

stresses  and  line  troubles,  and  the  proper  protection  of  transmission  systems 

from  such  troubles.] 

AGROUND  on  the  transmission  line  gives  rise  to  two  condi- 
tions of  stress  in  the  transformers,  viz.,  the  initial  or  tran- 
ient  condition,  and  the  final  or  steady  condition.  The  initial 
condition  is  caused  by  the  surges  resulting  from  the  sudden  change 
in  the  charging  currents  on  the  transmission  system,  which  create  a 
high  potential  difference  between  the  end  turns  of  the  transformers. 
The  final  or  steady  condition  of  stress  depends  on  the  electrostatic 
capacity  between  the  high  and  low-tension  windings,  and  the  electro- 
static capacity  between  the  low-tension  windings  and  ground.  The 
subject  is  of  importance,  since  failure  of  the  insulation  may  cause 
interruption  of  service  and,  in  certain  cases,  the  more  serious  ques- 
tion of  personal  safety  may  be  involved. 

^^^_^__^^^^  In  this  article  particular  attention  will  be  given 

\y/'"         ..H^'-^'^^     to  the  latter  condition.    It  will  be  shown  how  the 

^'''■'"'^     stresses  of  this  nature,  occurring  under  various 

conditions  of  operation,  may  be  calculated.    The 

FIG.    I — DIAGRAM    siuiplcst  casc  will  be  considered  first,  viz.,  that 

STATIC ""  pot'^Jtial   °^   ^   siuglc-phase   transformer  operating  on    a 

RELATIONS  BE-   singlc-phasc  circuit. 

L^D^Low-TE^sfoN       Tlic  _  relatious  between  the  liigh  and  low-ten- 
windings  and   sion  windings  and  the  iron  of  a  transformer  are 
m-^NSFORMER^^    ^  aualogous  to  those  between  the  system  of  paral- 
lel plate  condensers  illustrated  in  Fig.  i.    For  ex- 
ample, if  the  capacity  between  plate  A  and  plate  B  is  equal  to  that 
between  plate  B  and  ground,  and  if  plate  A  be  maintained  at  potential 
V  above  ground,  the  potential  of  plate  B  will  be  F  -^  2.    Again,  if 
the  capacity  between  plates  A  and  B  be  one-half  that  between  B 
and  ground,  the  potential  of  plate  B  will  be  F  -^  3.    Finally,  if  the 
capacity  between  A  and  B  be  !( i  -^-  w)  times  that  between  B  and 
ground,  the  potential  of  plate  B  will  be  F-^  (w  -f  i).    Fig.  2  shows 
the  cross-section  of  a  very  simple  type  of  transformer.     The  low- 
tension  coils  AA'  are  in  series;  likewise  the  high-tension  coil  BB' . 
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The  direction  and  relative  intensity  of  the  charging  currents  from 
high-tension  to  low-tension  windings  and  from  low-tension  winding 
to  ground  is  shown  by  the  direction  of  the  arrows  and  their  rela- 
tive density.  The  following  rule  has  been  deduced  by  simple  mathe- 
matical analysis,  for  a  symmetrically  designed  single-phase  trans- 
former operating  on  a  single-phase  circuit : — - 

The  potential  above  ground  of  the  middle  point  of  the 
low-tension  winding  is  equal  to  the  potential  above  ground 
of  the  middle  point  of  the  high-tension  winding  multiplied 
by  the  ratio  of  the  capacity  between  the  high  and  low-ten- 
sion windings  to  the  sum  of  the  capacities  between  high  and 
low-tension  windings  and  between  low-tension  winding  and 
ground. 
The  stresses  between  the  adjacent  high  and  low-tension  coils 
of  a  transformer  depend  upon  its  po- 
larity.   The  following  are  definitions  of 
what  will  be  termed  in  this  article  "pos- 
itive"    and     "negative"     polarity     of 
transformers : — 


The  polarity  of  a  transformer  is  pos- 
itive when,  on  connecting  the  adjacent 
ends  of  the  high  and  low-tension  wind- 
ings (i.  e.,  the  terminals  from  A  and  B 
in  Fig.  2)  and  impressing  an  e.m.f.  on 
the  high-tension  winding,  the  e.m.f.  be- 
tween the  remaining  ends  of  the  high 
and  low-tension  windings  is  equal  to 
the  sum  of  the  impressed  e.m.f.  and  the 
low-tenion  e.m.f. 


FIG.  2 — CROSS  SECTION  OF  SIM- 
PLE TRANSFORMER,  SHOWING 
DIRECTION  AND  RELATIVE  IN- 
TENSITY OF  INSTANTANEOUS 
CHARGING  CURRENTS  FROM 
WINDINGS  TO  GROUND  AND 
VICE   VERSA 

Conversely,  the  polarity  is  negative  when  the  resultant  e.m.f. 
is  the  difference  instead  of  the  sum. 

Polarity,  in  the  sense  here  employed,  depends  upon  the  internal 
windings  and  connections,  and  not  upon  the  external  connections. 
The  internal  polarity  is  determined  by  the  relative  direction  of  the 
windings  as  shown  in  Fig.  3  and  also  by  the  order  in  which  the 
coils  are  connected.  Beginning  at  the  adjacent  ends  of  the  pri- 
mary and  secondary  windings,  the  coils  may  be  wound  in  the 
same  direction  around  the  core  or  they  may  be  wound  in  opposite 
directions.  Again,  if  the  transformer  windings  each  contain  a  con- 
siderable number  of  coils  which  are  interlaced,  the  coils 
in  either  winding  may  be  connected  in  series  directly,  or  the  ter- 
minals of  each  may  be  reversed  before  they  are  connected  in  series. 
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The  reversing  of  the  individual  coils  in  this  way  changes  the  polar- 
ity from  one  sense  to  the  other.  In  some  cases  the  electrical  con- 
nection is  not  in  the  order  of  their  mechanical  position  which  leads 
to  a  more  complex  case,  which  is  not  here  considered. 

In  calculating  the  capacities  for  the  application  of  the  rule 
given  above,  it  will  usually  be  sufficiently  accurate  to  consider  the 
adjacent  high  and  low-tension  coils  as  parallel  plates  and  take  as 
the  total  capacity  the  sum  of  the  capacities  found  in  this  manner. 
Let  the  capacities  between  high  and  low-tension  windings,  and  low- 
tension  windings  and  ground,  be  denoted  respectively  by  C^  and  Co ; 
let  the  ends  of  the  high-tension  winding  be  denoted  by  A  and  B,  and 
the  ends  of  the  low-tension  windings  by  C  and  D,  so  that  A  and  C 

TABLE  I— EFFECT  OF  AN  ACCIDENTAL  GROUND  ON  TRANS- 
FORMER POTENTIAL  STRESSES 


;  Polarity  of  Transformers 

NoRMAi,  Operation 

Positive      1     Negative 

Maximum  value  of  higli-ten-iion  potential  above  ground 

Maximum  value  of  low-tension  potential  above  ground 

i  Maximum  differenre  between  adjacent  coils  of  high 

i                and  low-tension  windings                      

33000 
3300 

36300 

33000 
3300 

29700 

One  Terminal  Grounded* 

Potential  of  ^ 0  0 

Potential  of  A 66000  66000 

Potential  of  middle  point  of  high-tensi  )n  winding j  33000  33000 

Potential  of  middle  point  of  low-tension  winding ■  IHoOO  16500 

Potentialof  C  ..( 16500  ;  3300) 13200  19800 

Potential  of  D.  .  (16500  i  3300) 19800  l:-;200 

Potential  difference  between  B  audD '  19800  13200 

Potential  difference  between  A  andC .|  52800  46200 


*It  is  assumed  in  calculating  these  values  thatG     C\,  a  reasonable  assumption  to  make. 

are  the  ends  of  adjacent  coils  or  groups  and  B  and  D  are  ends  of 
adjacent  coils  or  groups  at  the  opposite  ends  of  both  windings.  As- 
suming, then,  that  a  66000/6  600  volt  transformer  is  operating  from 
a  66  000  volt,  single-phase  line  and  that  the  low-tension  circuit 
breakers  are  open ;  the  potential  values  in  volts  that  will  be  obtained 
at  various  points  of  the  transformer,  under  normal  operating  condi- 
tions* and  with  one  terminal  accidentally  grounded,  are  given  in 
Table  I. 

It  will  be  apparent  from  the  above  that  there  are  possibilities 
of  extremely  high  electrical  stresses  in  the  insulation  of  a  trans- 


*By  operation  "under  normal  conditions"  is  meant  operation  on  a  per- 
fectly symmetrical  system  with  an  approximately  balanced  load.  This  is  a 
reasonable   assumption    for   the  great   majority   of  transmission   systems. 
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former  when  one  end  becomes  gromided.  Fortunately  for  the  in- 
sulation of  the  low-tension  winding,  apparatus  connected  to  the 
circuit  increases  the  electrostatic  capacity  of  the  low-tension  wind- 
ing to  ground  so  that  as  long  as  there  is  a  connected  load  the 
stresses  do  not  reach  very  high  values;  however,  should  the  low- 
tension  circuit  breakers  open  while  there  is  a  grounded  high-tension 
line,  the  stresses  set  up  in  the  transformer  insulation  might  lead 
to  serious  trouble. 

Another  point  worthy  of  note  is  the  effect  of  the  relative  di- 
rection of  the  high  and  low-tension  windings,  that  is,  the  polarity 
of  the  transformers,  on  the  stresses  betwen  the  high  and  low-tension 
windings.  It  will  be  seen  that  these  stresses  are  considerably  high- 
er for  the  transformer  of  positive  polarity  that  for  the  one  of  nega- 
tive polarity,  under  all  conditions  of  operation.  It  would  be  rea- 
sonable to  require  a  cor- 
respondingly higher  test 
voltage  to  be  applied  on  the 
insulation  between  the  high 
and  low-tension  windings 
for  transformers  of  posi- 
tive polarity. 

If  one  of  the  high-ten- 
sion lines  breaks,  both  ends 
usually  go  to  ground,  but 
there  is  a  possibility  of  one 
end  remaining  ungrounded. 
Under  this  condition  the 
transformers  at  the  un- 
grounded end  of  the  transmission  line  will  have  their  high-tension 
windings  raised  to  full  line  potential  above  ground,  this  being  also, 
approximately,  the  potential  of  the  middle  point.  The  high-tension 
and  low-tension  e.m.f  .'s  are  zero,  but  the  low-tension  winding  will  be 
raised  to  a  potential  above  ground  equal  to  Vp  C^-^  ( C^  +  Co ) ,  ap- 
proximately, provided  that  there  is  no  connected  load  on  the  low- 
tension  circuit,  Vp  representing  line  potential,  and  C^  and  C,  the 
values  previously  given. 

The  remedy  for  these  troubles  is  simple.  It  consists  in  ground- 
ing the  middle  point  of  either  the  high  or  low-tension  windings.  If 
the  first  method  is  used,  the  circuit  breakers  open  when  the  high- 
tension  line  goes  to  ground  and  the  insulation  stress  between  the 
low-tension   winding   and   ground    cannot   exceed    the    low-tension 


tViliU 


FTG.  3 — SIMPLE  TRANSFORMER  SHOWING 
METHODS  OF  WINDING  THE  PRIMARY  AND 
SECONDARY  COILS  IN  ORDER  TO  OBTAIN  IN- 
TERNALLY "positive"  POLARITY  AND  "'NEGA- 
TIVE" POLARITY 
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e.m.f.  The  second  method  will  increase  the  stress  between  high 
and  low-tension  windings,  but  this  can  be  provided  for.  If  both 
windings  are  grounded  at  this  middle  point,  when  a  line  becomes 
grounded  the  breakers  open  and  thus  no  part  of  the  transformer  is 
subjected  to  a  steady  stress  above  that  occurring  under  normaf 
operation. 

There  have  been  various  schemes  used  to  overcome  this  trouble 
without  the  necessity  of  grounding  the  low-tension  circuit;  the 
ground  shield  is  perhaps  the  oldest  of  these.  It  consists  of  a  ground- 
ed conductor  interposed  between  the  high  and  low-tension  windings, 
thereby  reducing  the  capacity  between  them  to  zero.  The 
middle  point  of  the  low-tension  winding  will  therefore  always  be 
at  zero  potential  for  any  distribution,  independent  of  the  potential 
in  the  high-tension  winding.     The  great  objection  to  the  ground 


FIG.  4  FIG.   5 

POTENTIAL  DIAGRAMS  FOR  DELTA-DELTA  CONNECTED  GROUPS  OF  TRANS- 
FORMERS OPERATING  UNDER  NORMAL  CONDITIONS  ON  A  THREE-PHASE  CIR- 
CUIT. FIG.  4  APPLIES  TO  TRANSFORMERS  OF  NEGATIVE  POLARITY  AND  FIG. 
5  TO  TRANSFORMERS  OF  POSITIVE  POLARITY 

The  point  O,  at  zero  potential,  is  the  centroid  of  the  two  e.m.f. 
triangles.  Thus,  O  represents  the  point  of  mean  potential  of  the  high 
and  low-tension  windings. 

shield  is  on  account  of  the  increased  intensity  of  the  stresses  on  the 
insulation  at  its  edges  under  normal  operating  conditions.  This 
necessitates  more  insulation  than  would  be  required  to  protect  the 
same  transformer  operating  with  the  middle  of  the  low-tension 
winding  grounded  and  affords  no  better  protection. 

In  the  design  of  transformers  to  be  operated  with  ungrounded 
•circuits,  tihe  capacity  between  low-tension  winding  and  ground 
should  be  made  as  high  as  possible ;  there  should  also  be  ample  in- 
sulation between  the  high  and  low-tension  windings.  Since  the  in- 
duced potential  in  the  low-tension  winding  extends  to  the  rest  of 
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the  circuit,  and,  since  this  stress  increases  as  the  distance  between 
the  low-tension  windings  and  the  iron  becomes  greater,  the  insula- 
tion from  the  low-tension  winding  to  ground  should  preferably  not 
be  required  to  stand  a  very  much  higher  test  than  other  apparatus 
on  the  same  circuit,  unless  this  higher  insulation  strength  can  be 
attained  without  reducing  the  capacity  between  the  low-tension 
winding  and  ground. 

In  discussing  polyphase  systems  frequent  use  will  be  made  of 
what  will  be  termed  the  "potential  diagram".  If  a  point  be  taken 
as  the  point  of  zero  potential,  the  potentials  of  any  polyphase  sys- 
tem may  be  represented  by  other  points  on  the  same  plane,  if  the 
potentials  are  simple  periodic  quantities.  The  distance  of  any  one 
of  these  points  from  the  zero  will  give  the  maximum  or  effective 


FIG.   6  FIG.   7 

POTENTIAL  DIAGRAMS  FOR  DELTA-DELTA  CONNECTED  GROUPS  OF  TRANSFORM- 
ERS OPERATING  ON  A  THREE-PHASE  CIRCUIT  WITH  ONE  LINE  GROUNDED. 
FIG.  6  APPLIES  TO  TRANSFORMERS  OF  NEGATIVE,  AND  FIG.  /  TO  TRANSFORM- 
ERS  OF   POSITIVE   POLARITY 

^_is  at  zero  potential.  In  these  and  the  following  diagrams  M  is 
the  point  of  mean  potential  of  the  high-tension  windings  and  N  that  of 
the  lovv-tension  windings. 

value  of  the  potential  of  the  corresponding  point  of  the  system, 
and  the  line  drawn  between  any  two  points  will  represent  in  magni- 
tude and  direction  the  e.m.f.  or  difference  of  potential  between 
these  two  corresponding  points  of  the  system.  A  line  may  be  drawn 
through  the  zero  point,  and  the  projections  on  this  line  of  the 
vectors  representing  the  maximum  value  of  any  potential  or  e.m.f. 
will  give  their  instantaneous  value  at  any  instant,  it  being  supposed 
that  the  system  rotates  about  the  zero  point  once  every  cycle.  A 
line  drawn  from  the  point  of  zero  potential  to  the  point  of  mean 
potential  gives  the  mean  potential  of  the  system  in  magnitude  and 
phase.  For  example,  the  point  of  mean  potential  of  the  delta-con- 
nected windings  of  three  transformers  is  the  certroid  of  the  tri- 
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angle  formed  by  the  points  representing  the  potentials  of  the  ter- 
minals. If  the  low-tension  windings  are  star-connected,  the  point 
of  mean  potential  will  coincide  with  the  point  representing  the  com- 
mon connection  of  the  three  windings. 

When  the  step-down  transformers  in  a  polyphase  system  are 
independent,  the  potential  relations  of  the  high  and  low-tension 
windings  will  be  the  same  as  those  for  a  single-phase  system.  This, 
likewise,  will  be  true  if  the  secondary  windings  are  free,  but  the 
primaries  are  connected.  If  both  the  primary  and  secondary  wind- 
ings are  connected  in  groups,  the  rule  given  above  for  the  relative 


FIG.   8  FIG.  9 

POTENTIAL  DIAGRAMS  FOR  V-CONNFXTED  GROUPS  OF  TRANSFORMERS  OPERATING 
UNDER  NORMAL  CONDITIONS  ON  A  THREE-PHASE  CIRCUIT.  FIG.  8  APPLIES 
TO  TRANSFORMERS  OF  NEGATIVE,  AND  FIG.  Q  TO  TRANSFORMERS  OF  POSITIVE 
POLARITY 

The  point  O,  at  zero  potential,  is  the  centroid  of  the  triangle  ABC. 

potentials  of  the  middle  points  of  the  high  and  low-tension  winding 
of  a  single-phase  transformer  must  be  modified,  thus : — 

The  potential  of  the  point  of  mean  potential  of  the  low- 
tension  system  of  a  polyphase  group  of  transformers  is  equal 
to  the  potential  of  the  point  of  mean  potential  of  the  high- 
tension  system  multiplied  by  the  ratio  of  the  capacity  between 
high  and  low-tension  windings  to  the  sum  of  the  capacity 
between  high  and  low-tension  windings  and  the  capacity  be- 
tween low-tension  winding  and  ground. 


THREE-PHASE  SYSTEMS 


The  potentials  of  the  different  parts  of  the  high  and  low-ten- 
sion windings  of  the  three-phase  delta-delta  system  are  shown 
by  the  vector  diagram.  Fig.  4,  for  transformers  of  negative  polar- 
ity, and  Fig.  5,  for  transformers  of  positive  polarity. 
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The  same  diagram  of  external  connections  applies  to  both  po- 
larities, as  the  polarity  is  fixed  by  the  internal  windings  and  con- 
nections. It  may  be  remarked  that  the  secondary  external  connec- 
tions might  be  rearranged  so  that  the  secondary  triangle  would  be 
inverted.  This,  however,  would  produce  higher  stresses  between 
the  adjacent  ends  of  the  two  windings.  Vector  diagrams  similar 
to  Figs.  4  and  5  can  be  drawn  to  scale  for  any  particular  case,  and 
the  values  then  obtained  from  the  diagram  by  actual  measurement 
will  be  sufificiently  accurate  for  all  practical  purposes;  but  if  desired 
the  values  can  be  calculated  from  the  geometry  of  the  figure.*  Thus, 


FIG.    10  FIG.   II 

POTENTIAL  DIAGRAMS  FOR  V-CONNECTED  GROUPS  OF  TRANSFORMERS  OPERATING 
ON  A  THREE-PHASE  CIRCUIT  HAVING  THE  LINE  WHICH  IS  ATTACHED  TO  A 
THE  COMMON  POINT  OF  THE  HIGH-TENSION  WINDING  OF  THE  TRANS- 
FORMERS, GROUNDED.  FIG.  10  APPLIES  TO  TRANSFORMERS  OF  NEGATIVE,  AND 
FIG.    II   TO  TRANSFORMERS  OF  POSITIVE  POLARITY. 

A  is  at  zero  potential, 
on  the  potential  diagram  Fig.  4,  for  example,  AB,  BC  and  CA  repre- 
sent the  potentials  across  the  high-tension  windings  of  the  three  trans- 
formers ;  OA  the  potential  of  the  point  A  from  ground  potential 


*Meamng  of  Diagrams — In  the  potential  diagrams  any  line  from  the 
grounded  point,  designated  by  a  small  circle,  to  another  point  represents  in 
magnitude  and  direction  its  potential  from  the  ground.  The  letters  on  the 
potential  diagrams  correspond  to  the  terminals  on  the  diagram  of  connec- 
tions. The  relative  position  of  lettered  terminals  in  the  small  diagrams  of 
connections  indicate  the  external  connections  only.  The  internal  arrangement 
may  in  each  case  be  such  as  to  give  either  positive  or  negative  polarity.  If  in 
the  diagram  of  connections  for  Figs.  10  and  11  the  end  of  the  primary 
winding  to  which  C  is  connected  is  mechanically  adjacent  to  the  end  of  the 
secondary  winding  to  which  F  is  connected,  the  internal  polarity  is  negative, 
as  represented  in  Figure  10,  in  which  a  line  joins  C  and  F.  Conversely,  if  the 
ends  of  the  winding  to  which  C  and  D  are  connected  are  mechanically  adja- 
cent, then  positive  internal  polarity  results,  as  shown  in  Figure  11,  in  which 
a  line  connects  C  to  D,  this  line  being  a  measure  of  the  difference  of  potential 
between  the  adjacent  ends  of  the  windings. 

In  all  cases  M  represents  the  point  of  mean  potential  of  the  high  tension 
winding  and  N  that  of  the  low  tension  winding.  These  diagrams  are  based 
on  a  transformer  ratio  of  4:1. 
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(assuming  the  windings  either  ungrounded  or  grounded  at  the  nor- 
mal neutral  point  O  of  the  system),  and  OB  and  OC  the  corre- 
sponding potentials  above  ground  of  B  and  C.  Likewise,  OD,  OE 
and  OF  give  corresponding  values  for  the  points  D,  E,  and  F  of 
the  low-tension  winding. 

The  delta  system  may  be  grounded  by  means  of  a  group  of 
three  transformers  connected  star-delta,  by  a  three-phase  trans- 
former connected  star-delta,  or  by  a  three-phase  transformer  with 
interconnected  phases.  When  so  grounded  there  can  be  no  abnor- 
mal potential  on  the  low-tension  system  since  the  circuit  breakers 
will  be  released  if  a  ground  occurs  on  the  line. 


FIG.  12  FIG.  13 

POTENTIAL  DIAGRAMS  FOR  V-CONNECTED  GROUPS  OF  TRANSFORMERS  OPERATING 
ON  A  THREE-PHASE  CIRCUIT  WITH  ONE  OF  THE  LINES  ATTACHED  TO  THE 
FREE  END  OF  THE  HIGH-TENSION  WINDING  GROUNDED.  FIG.  12  APPLIES  TO 
TRANSFORMERS  OF  NEGATIVE,  AND  FIG.  I3  TO  TRANSFORMERS  OF  POSITIVE 
POLARITY 

The  point  C  is  at  zero  potential 

The  delta  connection  has  several  objectionable  features  when 
used  for  high  voltages : — 

I — Both  ends  of  each  transformer  are  exposed  to  line 
surges  and,  therefore,  there  is  twice  the  possibility  of  trouble 
from  this  cause  that  there  is  in  the  case  of  star-connection. 

2 — The  coils  are  necessarily  wound  with  a  greater  num- 
ber of  turns  of  smaller  cross-section,  and  hence  are  more 
difficult  to  support  mechanically  than  those  for  a  star-con- 
nected group. 

3 — Additional  apparatus  is  usually  required  to  obtain  the 
neutral  point  for  the  purpose  of  grounding. 
The  potential  diagrams  for  the  star-delta  system  may  be  ob- 
tained in  a  similar  manner  to  that  of  Figs.  4  and  5.    Abnormal  low- 
tension    stresses    cannot   occur    if  the    neutral    point    is    grounded. 
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In  this  system  there  will  be  no  objection  to  grounding  the  neutral, 
since  the  third  harmonic  does  not  exist  in  the  e.ni.f.  between  the 
neutral  and  the  lines  of  this  system.  The  neutral  point  may  be 
used  for  obtaining  a  lower  e.m.f.  and  a  load  can  be  taken  off  be- 
tween neutral  and  one  line  without  serious  unbalancing  in  the  delta. 

V-CONNECTED    SYSTEMS 

The  V-connection  requires  some  consideration.  Under  normal 
operating  conditions,  since  the  center  of  mean  potential  of  the  trans- 
former group  does  not  coincide  with  that  of  the  line,  a  constant 
flow  of  charging  current  through  the  line  to  ground  and  back 
through  the  transformer  windings  will  occur.     The  diagrams,  Figs. 

8,  9,  10,  II,  12  and  13,  serve  to 
illustrate  this  system.  It  is  as- 
sumed that  the  line  capacity  is 
very  large  compared  with  that 
of  the  transformer  windings. 

T-CONNECTION    USED    FOR    THREE- 
PHASE   TRANSMISSION 

This  connection,  which  is 
show  in  Fig.  14,  is  sometimes 
used  in  preference  to  a  V-con- 
nection, when  it  is  desired  to  use 

FIG.    14 — POTENTIAL   DIAGRAM    FOR   T-CON-  ' 

NECTED   GROUP  OF  TRANSFORMERS   OF  ouly  two  transfo«ners,  since  the 
NEGATIVE  POLARITY  OPERATING  UNDER  V-counection  causes  a  somewhat 

NORMAL      CONDITIONS      ON      A      THREE-  . 

PHASE  CIRCUIT  greater  distortion  in  the  second- 

O,  the  neutral  point  of  the  system,    ^^V    e.m.f 
is  at  zero  potential.  tion. 


B  c    „  A 


than    the    T-connec- 


THREE-PHASE — TWO-PHASE   CONNECTIONS 

The  potential  diagram  representing  the  conditions  in  the  case 
of  three-phase — two-phase  transformation  with  normal  conditions  of 
operation  are  given  in  Fig.  15,  with  the  usual  method  of  connecting 
the  two  transformers.  When  the  low-tension  windings  of  the  two 
transformers  are  connected  to  form  a  two-phase  group  the  stresses 
are  considerably  lessened.  In  both  the  T  and  three-phase — two- 
phase  connection  there  will  be  a  tendency  for  the  building  up  of 
excessive  stresses  in  the  neighborhood  of  the  point  H  in  the  trans- 
former winding  BH.  (See  diagrams  of  connection  of  Figs.  14  and 
15.)     These  stresses  are  due  to  the  small  impedance  offered  to  the 
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passage  of  currents  of  the  same,  frequency  when  flowing  in  oppo- 
site direction  in  the  two  parts  CH  and  AH  of  the  transformer  wind- 
ing AC.  Such  a  condition  will  be  a  maximum  when  the  line  B  is 
grounded.  The  oscillations  then  set  up  will  enter  the  transformer 
AC  at  the  points  A  and  C  and  will  be  equal  in  value  and  of  the 
same  frequency. 

SUMMARY 


m 


The  potential  from  ground  of  the  secondary  winding  of  a 
transformer  is  largely  determined  by  electrostatic  induction  from 
the  primary,  as  well  as  by  the  e.m.f.  for  which  the  secondary  is 
wound.  These  principles  are  illustrated  in  Table  II  which  is 
„_  based     on     transmission      with 

transformers  having  a  ratio  of 
10:1.  The  voltage  values  are 
given  in  terms  oi  the  high- 
tension  voltage  of  the  transform- 
ers except  in  the  case  of  the  V- 
connection,  where  the  voltage 
between  lines  is  taken  as  normal. 
The  relation  -^^^  applies 
to  the  transformer  when  the  low- 
tension  terminals  are  not  con- 
nected to  the  secondary  lines. 
When  the  transformer  is  nor- 
mally connected  to  its  load  the 
capacity  of  the  secondary  circuit 
to  earth  is  greatly  increased,  and, 
•consequently,  the  potential  of 
the  secondary  may  not  vary 
greatly  from  that  of  the  earth, 
its  value  depending  upon  the  capacity  between  the  secondary  cir- 
cuit and  ground.  In  general,  the  potential  will  be  low  when  the 
circuit  is  long.  Many  of  the  diagrams  and  tables  apply  to  the  con- 
ditions in  which  the  secondary  circuit  breaker  is  open.  This  indi- 
cates the  occasional  stresses  to  which  the  insulation  may  be  sub- 
jected, and  for  which  provision  should  be  made  either  in  the  insula- 
tion or  by  the  grounding  of  the  circuit,  o.r  both. 


FIG.  15 — POTENTIAL  DIAGRAM  OF  A 
GROUP  OF  TRANSFORMERS  OF  NEGATIVE 
POLARITY  CONNECTED  FOR  THREE- 
PHASE-TWO-PHASE  TRANSFORMATION 
AND  OPERATING  UNDER  NORMAL  CON- 
DITIONS   ON    A    THREE-PHASE    CIRCUIT 

O,  the  neutral  point  of  the  system, 
is  at  zero  potential.  The  three-phase 
lines  are  connected  to  A,  B  and  C. 
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C.  E.  CLEWELL 

TEN  YEARS  ago  factory  electric  lighting  was  limited  to  the 
carbon  filament  and  arc  lamp.  The  smaller  unit,  the  incan- 
descent lamp,  is  still  very  useful  where  the  special  placing 
of  small  lamps  is  necessary.  Likewise  the  arc  lamp  is  useful  for 
large  and  high  areas  such  as  high  bays  of  machine  shops,  foun- 
dries and  the  like.  But  neither  of  these  serves  for  those  intermed- 
iate conditions  typified  by  large  rooms  with  ceilings  from  twelve 
to  eighteen  feet  in  height.  The  small  lamps  did  not  give  enough 
light  unless  used  in  large  numbers,  clusters  often  being  employed 
which  were  in  general  expensive  and  unsatisfactory.  The  arc  lamps 
in  such  cases  required  considerable  separation  and  provided  poor 

distribution  with  usual- 
ly an  intense  light  in 
the  line  of  vision. 

Within  the  last  few 
years  the  Nernst,  Coop- 
er-Hewitt and  tung- 
sten lamps  have  been 
introduced,  with  can- 
dle-power values  lying 
between  those  of  the 
arc  and  carbon  filament 
lamps,  thus  filling  the 
gap  indicated  on  the 
chart.  Fig.  i,  which  shows  the  relative  candle-power  ranges  of  lamps 
available  for  factory  lighting  some  years  ago  as  compared  with  the 
medium  sized  units  of  the  present  day.  These  values  have  been 
taken  from  tables  and  refer  to  mean  lower  hemispherical  values. 
TJie  flaming  arc  lamp  has  not  been  included  as  it  represents  a  unit 
of  still  higher  candle-power. 

With  the  introduction  of  these  new  lamps,  broader  possibilities 
have  been  presented  in  factory  illumination.  The  use  of  units  of 
sizes  adapted  to  the  purpose  allows  results  which  it  has  been  hitherto 
impossible  to  attain  satisfactorily,  either  by  the  arc  or  carbon  fila- 
ment lamp.  The  approximate  relative  efficiencies  of  the  old  and 
new  types  of  lamps  are  indicated  in  Fig.  2.  These  efficiency  values 
have  likewise  been  taken  from  published  tables  and  apply  to  the  ap- 
proximate efficiency  in  watts  per  candle-power.    In  the  case  of  the 
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arc  lamp  the  value  applies  to  the  old  enclosed  type  of  lamp. 

It  is  evident  that  the  introduction  of  these  new  types  of  lamps 
has  made  possible  what  may  be  termed  a  new  era  in  factory  illumin- 
ation, a  distinctive  feature  of  which  is  the  scientific  installation  of 
the  light  units,  suiting  each  to  the  location  and  class  of  work  for 
which  it  is  best  adapted. 

THE  CANDLE-POWER  OF  UNITS 

Before  the  introduction  in  recent  years  of  medium  sized 
units,  the  choice  of  the  size  of  unit  for  a  given  location  was  often 
no  choice  at  all.  In  many  cases,  due  to  small  clearance  between 
cranes  and  ceilings,  or  other  conditions  making  it  necessary  to 
mount  the  lamps  very  high  above  the  floor,  but  one  size  or  type 
of  unit  was  available,  the  carbon  filament  lamp  in  the  former  and 

the   arc   lamp   in   the 
latter  case. 

For  low  ceilings  up 
to  eighteen  feet  the 
use  either  of  the  car- 
bon filament  or  arc 
lamp  resulted  usually 
in  anything  but  uni- 
form light  over  the 
working     plane,     and 

FIG    2 — CHART    SHOWING    RELATIVE   EFFICIENCIES  ,  ,  , 

OF  OLD  AND  NEW  TYPE  LAMPS  oiten  produccd  mere- 

ly a  low  general  light  which  was  practically  useless  for  the  individual 
machines.  In  such  cases  individual  lamps  had  to  be  placed  over 
the  machines.  With  this  arrangement  relatively  small  areas 
are  lighted,  and  the  metal  shades  usually  employed  only  serve  to 
accentuate  the  "spot-lighting"  effect.  Such  a  form  of  illumination  for 
factory  work  is  unsatisfactory  and  inefficient,  but  as  stated  was  in 
many  cases  the  only  available  scheme.  The  absence  of  lamps  of  the 
proper  size  is  no  longer  an  excuse  for  the  existence  of  such  con- 
ditions in   industrial  plants. 

IMPORTANCE  OF  GOOD  LIGHT  IN  FACTORY  WORK 

Adequate  light  increases  output.  A  saving  of  even  several  min- 
utes per  day  for  the  workmen  will  soon  pay  for  the  entire  cost  of 
installing  and  operating  a  suitable  factory  lighting  system.  The 
lighting  of  industrial  plants  is  one  of  the  factors  which  promotes 
efficiency.  Like  good  ventilation,  an  adequate  heating  system,  or 
cleanliness  and  neatness,  the  furnishing  of  good  light  is  a  necessary 
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item  in  maintaining  a  high  standard  of  workmanship.  In  the  early 
morning  and  late  afternoon  hours,  and  on  cloudy  days,  many  fac- 
tories are  in  practical  darkness  as  far  as  daylight  is  concerned. 
A  good  system  of  artificial  light  will  be  an  aid  in  keeping  production 
at  a  high  efficiency  throughout  the  entire  working  day.  In  like  man- 
ner the  night  turn  is  entirely  dependent  on  artificial  light.  The  im- 
portance of  factory  fighting  from  this  standpoint  cannot  be  over- 
estimated, and  tp  be  of  the  most  service  the  following  conditions 
should  be  fulfilled. 

GENERAL    REQUIREMENTS  * 

No  factory  can  afford  to  have   its  employees  working  under 


■■■■I^^K      l^B^^^HU                                                                                                            US 

PK!i#^:  ■ 

,.'-  1 

L 

1 

3 — FACTORY   LOCATION    WITH    LOW   CEILING    WHERE   60-WATT 
TUNGSTEN   LAMPS    HAVE   BEEN    A    SUCCESS 

Glare  is  not  noticeable. 


an  inadequate  light,  as  the  losses  in  output  far  overbalance  any 
economy  in  the  saving  of  energy  by  such  means.  Factory  lighting 
should  be  reliable — unsteady  or  unreliable  light  is  very  demoralizing. 

Specifically,  factory  lighting  should  provide  the  following  fea- 
tures : , 

Adequate  light  for  each  employee. 

.Good  light  everywhere  on  the  working  plane,  and,  if  possible, 
when  the  floor,  space  is  crowded  with  workmen  the  light  should  be 


*Part  of  the  following  items  in  their  specific  relation  to  machine  shops 
appear  in  substance  in  an  article  by  the  author  in  the  American  Machinist 
under  the  title,  "Machine  Shop  Lighting." 
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satisfactory  without  regard  to  the  location  of  the  work;  that  is, 
the  illumination  should  be  uniform  and  furnished  by  lamps 
mounted  Overhead.  . 

Such  illumination  as  to  make  individual  carbon  filament  lamps 
unnecessary  txcept  in  special  cases.  Sometimes,  however,  indi- 
vidual lamps  on  machines  must  be  provided. 

Illumination  provided  by  an  arfangemfent  and  size  of  units 
which  avoids' glare  due  to  light  from  an  intense  source  striking  the 
eye. 

The  preceding  requirements  should  be  fulfilled  by  a  type  of 
lamp  suitable  to  the  class  of  work  performed,  and  to  general  physi- 
cal conditions^  such  as  clearance  between  cranes  and  ceilings. 

•  THE    OVERHEAD    METHOD    OF    LIGHTING 

A  system .  6f  lighting  in  which  the  lamps  are,  niounted  above 
the  heads  of-  the  workmen  can  be  made  to  fulfill  most  if  not  all  of 
these  requirements  better  than  other  systems.  "  The  advantages  of 
this  so-called  overhead  system  as  compared  with  those  in  which  in- 
dividual carbon  filament  lamps  mainly  are  depended  upon,  are  as 
follows : 

Such  a  system  can  be  made  to  furnish  good  light  at  each  point 
of  the  working  plane,  thus  permitting  work  to  be  done  with  equal 
comfort  at  any. point. 

In  many  cases  it  can  be  made  to  furnish  a  light  of  such  quality 
as  practically  to  eliminate  the  necessity  for  individual  lamps. 

By  mounting  the  lamps  at  the  proper  height  and  making  a 
selection  of  the  proper  size,  glare  can  be  practically  eliminated. 

The  eye  is  subject  to  a  harmful  effect  from  the  use  of  a  single 
lamp  placed  directly  over  and  close  to  the  work.  The  bright  spot 
of  light  about  the  work,  if  surrounded  by  a  region  of  comparative 
darkness,  causes  the  eye  to  become  fatigued  since  the  line  of  vision 
is  continually  changing  from  the  bright  area  to  the  darker  sur- 
roundings. This  strain  on  the  eye  can  be  largely  avoided  if  the 
entire  working  surface  is  provided  with  a  uniform  light  of  moderate 
intensity. 

Economy  in  maintenance  is  secured  as  compared  with  a  sys- 
tem with  large  numbers  of  drop  lamps. 

The  appearance  is  neater  and  more  pleasing. 

A  few  instances  of  the  satisfactory  results  obtained  with  this 
method  of  lighting  will  serve  to  show  with  what  favor  it  is  viewed. 

In  one  factory  location  with  low  ceilings,  carbon  filament 
clusters  with  individual  incandescent  lamps  over  each  machine  had 
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been  in  service.  A  system  of  lOO-watt  tungsten  lamps  was  installed, 
practically  all  individual  lamps  being  removed  from  the  lathes  and 
other  machines.  The  whole  appearance  was  made  more  cheerful. 
The  manager  stated  that  the  problem  of  men  desiring  to  be  trans- 
ferred to  other  departments  on  account  of  the  darkness,  was 
solved.  Some  of  the  workmen  were  overheard  to  say  that  tools  and 
machine  parts  were  found  in  corners  which  up  to  that  time  had 
been  lost  due  to  the  dark  surroundings,  the  shop  receiving  practic- 
ally no  daylight  and  therefore  having  been  constantly  in  partial 
darkness. 

In   another   instance   where   tungsten    lamps    replaced   a    poor 


FIG.    4 — A    TWENTY-FIVE    FOOT    CEILING    WHERE    25O-WATT    TUNGSTEN 
LAMPS   'RAVE.  BEEN   USED  TO  ADVANTAGE 

system  of  very  large  units  supplemented  by  individual  lamps,  the 
superintendent  stated  that  on  many  days,  because  of  insufficient 
artificial  light  in  the  early  morning  and  late  afternoon  hours,  his 
workmen  lost  one  and  one-half  hours  per  day.  This  condition  was 
entirely  changed  by  installing  the  overhead  system.  Practically  all 
drop  lamps  were  removed.  In  still  another  factory  location  a  super- 
intendent blamed  defective  work  to  inadequate  light.  He  stated 
that  he  had  had  great  difficulty  in  retaining  a  good  class  of  help. 
Large  tungsten  lamps  transformed  the  dark  and  dingy  location  to 
one  of  cheerful  and  pleasing  appearance,  and  put  an  end  to 
complaints. 
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Another  factory  location  had  been  in  almost  complete  darkness 
as  far  as  overhead  illumination  was  concerned.  The  almost  hum- 
orous  statement  was  made  upon  the  installation  of  a  good  over- 
head system,  that  the  men  did  not  wear  out  their  shoes  as  fast  as 
formerly — meaning  that  the  matter  of  getting  around  had  been 
complicated  by  their  stumbling  against  the  loose  iron  and  material 
which  had  been  allowed  to  accumulate  when  the  light  was  so  poor. 
An  inspection  of  the  place  after  the  new  lighting  system  was  in- 
stalled showed  it  to  be  in  perfect  order  and  the  floor  space  neat  and 
clean.    Much  satisfaction  was  evidenced  by  the  workmen. 

The  substitution  of  an  overhead  system  will  promote  a  higher 
efficiency  of  production  as  well  as  greater  cheerfulness  and  a  better 
spirit   among   the   workmen,   which,    while    difficult    to   express    in 


FTG.    5 — FACTORY    LOCATION    WHERE    lOO-WATT    TUNGSTEN    LAMPS    GIVE    A 
UNIFORM   ILLUMINATION   WITH  PRACTICALLY  NO  GLARE 

money  value,  forms  a  distinct  feature  in  the  promotion  of  good  and 
efficient    workmanship. 

SELECTION    AND   INSTALLATION   OF   UNITS 

The  selection  of  units  best  adapted  to  factory  conditions  and 
their  most  advantageous  installation  are  two  essential  factors  of 
shop  lighting.  The  questions  involved  are :  proper  number  and  size 
of  units;  their  best  arrangement;  economy  in  operation;  relative 
first  cost,  and  installation  costs. 

Number  of  Lamps  per  Unit  of  Floor  Space — On  this  item 
depends  the  realization  of  a  uniform  and  satisfactory  distribution 
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of  the  light.  Care,  should  be  taken  to  choose  the  number  of  units 
per  unit  floor  space  which  will  furnish  a  sufficiently  uniform  light 
to  meet  the  .important  condition  that  work  can  be  performed  at 
any  point  on  the  floor  without  regard  to  location.  The  next  step 
will  be  that  of  selecting  a  size  and  type  of  unit  which,  with  cor- 
rect spacing,  will  furnish  light  of  sufficient  intensity.  An  example 
will  illustrate  this  point. 

A  large  area  was  to  be  lighted  and  250-watt  tungsten  lamps, 
provided  in  such  numbers  as  to  give  a  uniform  and  sufficient  light, 
seemed  desirable.  The  use  of  this  fairly  large  unit  would  have  re- 
sulted in  a  somewhat  low  first  cost  of  installation,  the  number  of 
lamps  per  unit  area  being  small.  There  were  so  many  workmen 
in  each  bay,  however,  that  men  located  at  certain  positions  with 
respect  to  the  la  r.ps  would  have  worked  to  a  disadvantage  because 
of  marked  shadows.  It  was  important  that  work  be  done  with 
ease  at  any  point  of  the  floor  space.  In  this  particular  instance 
carbon  filament  lamps  had  been  used  for  years  as  drop  lights 
over  each  bench.  With  repeated  shifting  of  the  work  a  continual 
adjustment  of  these  drop  lights  was  necessasry.  This  maintenance 
expense  was  considered  sufficiently  large  to  be  a  factor  in  the  sub- 
stitution of  an  overhead  lighting  system  and  the  subsequent  removal 
of  all  drop  lights. 

Here  the  use  of  nine  loo-watt  tungsten  lamps  per  standard 
bay  rather  than  four  250-watt  lamps,  produced  a  satisfactory 
result.  It  should  be  noted  that  the  choice  of  the  number  of  units 
per  bay  depended  on  the  furnishing  of  light  equally  good  in  direc- 
tion at  any  point  in  the  bay.  The  use  of  the  250-watt  lamps  would 
have  resulted  in  a  distribution  as  uniform  and  an  intensity  equally 
great,  without  fulfilling  the  main  requirement  in  the  matter  of 
direction,  which  in  this  case  was  the  most  important. 

Size  of  Lamps — At  present  the  size  of  units  is  a  much  larger 
factor  than  ever  before.  If  the  ceiling  height  is  low,  say  12  feet 
or  under,  the  use  of  arc  lamps  is  objectionable  because  of  their 
candle-power;  and  besides  the  glare,  the  lamps  cannot  be  used 
economically  in  sufficient  numbers  to  provide  uniform  light  distri- 
bution. Here,  medium  sized  units  have  the  advantage,  and  60-watt 
and  lOO-watt  tungsten  lamps  have  been  used  successfully.  Fig.  3 
shows  a  low  ceiling  location  where  60-w^att  tungsten  lamps  have 
given  very  satisfactory  results. 

For  bays  40  to  60  feet  in  height,  arc  lamps,  especially  of  the 
flaming  type,  have  been  used  with  success.     For  intermediate  ceil- 
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ings  from  12  to  18  feet  in  height,  lamps  of  from  80  to  300  candle- 
power  seem  best  adapted.  Figs.  4,  5  and  6  illustrate  the  application 
of  medium  sized  units  to  factory  illumination. 

Mounting  Height  of  Lamps  Above  Floor — In  factory  work  the 
mounting  height  of  lamps  will  often  be  governed  by  the  details 
of  building  construction  and  the  interference  of  cranes.  All  units 
should  be  mounted  so  as  to  be  out  of  the  range  of  vision.  This 
condition  may  be  interpreted  in  several  ways.  The  glare  from 
lamps  will  not  be  so  noticeable  to  workmen  who  constantly  look 
down  at  their  work  as  when  the  eye  is  for  the  most  part  on  the 


FIC.   6 — A   MODERATELY   HIGH   CEILING   WHERE  COOPER-HEWITT  LAMPS 
HAVE  GIVEN  GOOD  RESULTS 

Note  the  clearness  of  detail. 

horizontal.  Again  a  small  lamp  in  the  line  of  vision  will  not  be  so 
harmful  as  a  large  one.  One  solution,  when  the  lamps  must  neces- 
sarily be  mounted  low  with  respect  to  the  floor  will  be  to  use  small 
lamps  in  large  numbers.  This  is  illustrated  in  Fig.  3  where  small 
tungsten  lamps  have  been  used  on  account  of  the  low  ceiling. 
Glare  is  probably  of  less  importance  in  factory  work  than  in  offices, 
but  is  harmful  nevertheless.  The  glare  from  rays  of  excessive 
brightness  should  be  avoided  because  it  lowers  the  sensitiveness 
of  the  eye.  The  intensity  of  the  light  on  the  work,  while  possibly 
ample   otherwise,   may   seem   to   be   insufficient   due   to   this   lack 
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of  sensitiveness.  Physically  speaking  the  effect  of  glare  and  the 
subsequent  eye  strain  is  an  evil,  and  it  is  evident  that  a  workman  to 
be  of  the  most  value  should  be  surrounded  by  the  most  advantageous 
conditions  for  promoting  ease  in  his  work. 

Another  important  feature  connected  with  the  mounting  height 
is  the  furnishing  of  light  at  an  angle  so  as  to  light  the  side  of  the  tool 
or  piece  of  work.  The  point  at  which  the  tool  is  making  a  cut 
may  require  light  from  an  angle  rather  than  from  a  point  overhead. 
For  a  given  spacing  of  lamps,  the  higher  they  are  mounted  the  more 
concentrating  must  be  the  reflector  to  produce  the  highest  effi- 
ciency of  vertical  illumination  on  the  working  surface.  This  verti- 
cal illumination  may  not,  however,  be  the  greatest  feature  of  im- 
portance. One  way  to  secure  more  light  on  the  side  of  machines  is 
to  lower  the  lamps  and  use  more  broadly  distributing  reflectors  than 
otherwise,  so  that  the  light  is  directed  sidewise  as  well  as  vertically 
downward.  On  the  other  hand  if  the  lamps  are  mounted  too  low 
they  become  objectionable  by  being  in  the  line  of  vision  when  a 
man  looks  up  from  his  work.  Thus,  in  one  instance  where  the 
maximum  possible  mounting  height  was  13  ft.  6  in.,  it  was  found 
desirable  to  place  the  lamps  at  this  height  to  avoid  glare;  the  side 
lighting  was  secured  by  using  broader  distributing  reflectors  and 
somewhat  larger  lamps  than  ordinarily  would  have  been  necessary, 
thus  bringing  up  the  vertical  intensity  to  the  same  value  as  with  the 
more  concentrating  reflectors  and  smaller  lamps  and  at  the  same 
time  providing  the  necessary  side  light. 

Lighting  Circuits — The  matter  of  suitable  lighting  circuits  is  an 
important  consideration.  Some  units  are  adapted  to  direct  current 
only,  others  operate  most  favorably  with  certain  frequencies  of  alter- 
nating current.  All  units  to  be  most  effective  should  be  supplied 
with  constant  voltage.  In  factory  work  the  power  load  will  nearly 
always  be  found  to  exceed  that  for  lighting.  With  the  lighting  and 
power  circuits  separate  it  is  easier  to  keep  the  voltage  on  the  lamps 
constant. 

The  Working  Drawing — A  complete  self-contained  work- 
ing drawing  of  the  proposed  arrangement  of  lamps  will  contribute 
to  the  ease  of  installing  a  lighting  system  throughout  a  factory. 
Such  a  drawing  should  be  intelligible  to  the  average  wiremen.  It 
should  give  the  outline  of  the  floor  space  to  be  lighted  and  should 
designate  the  light  units  in  some  clear  and  distinctive  form,  located 
to  scale  as  in  Fig.  7,  a  typical  working  drawing  that  has  been  found 
to  give  satisfaction  in  its  details.     This  drawing  gives  the  dimen- 
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sions  of  the  floor  space,  distance  between  lamps,  and  the  distances 
between  walls  and  lamps.  The  specifications  should  contain  the 
number  and  type  of  lamps,  the  number  and  style  of  reflectors,  if 
any,  the  number  and  type  of  shade  holders,  and  the  mounting  height 
of  socket  above  floor.  The  method  of  switch  control  is  perhaps 
most  easily  shown  on  the  drawing  by  placing  the  same  numeral 
adjacent  to  all  lamps  to  be  controlled  from  a  given  switch.  It  will 
be  found  advantageous  to  furnish  the  maintenance  and  wiring  de- 
partments with  blue  prints  of  such  a  drawing. 

Switch  Control — The  switch  control  of  the  lamps  in  any  light- 
ing system  is  of  importance,  especially  where  large  numbers  of 
small  or  medium  sized  units  are  used.     That  method  of  controlling: 
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FIG.    7— A    SAMPLE   WORKING   DRAWING   WHICH    HAS 
BEEN    FOUND   CONVENIENT 

the  lamps  is  most  economical  in  which  the  interest,  depreciation 
and  maintenance  involved  in  the  first  cost  of  the  installation  of 
switches  and  their  attendant  wiring  does  not  exceed  the  cost  of 
the  energy  saved  by  their  use  in  being  able  to  turn  out  the  lamps 
which  are  not  needed.  Too  great  a  refinement  in  the  placing  of 
switches  may  result  in  a  first  cost  in  excess  of  the  saving  through 
their  use.  Particularly  is  this  the  case  where  the  factory  receives 
little  daylight,  artificial  light  being  required  at  all  times.  Here,  if 
the  number  of  workmen  is  great,  practically  all  of  the  lamps  will 
be  needed  all  the  time,  and  too  great  refinement  in  switch  control  is 
not  warranted.  In  practice,  however,  it  will  usually  be  found  ad- 
visable to  install  a  considerable  number  of  switches,  as  their  cost 
is  low  in  comparison  with  that  of  the  energy  saved  by  the  ability  to 
turn  ofif  the  lamps  in  sections  when  not  needed. 

One  item  of  considerable  importance  is  the  placing  of  switches 
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in  large  installations  at  uniform  places;  that  is,  if  located  on  col- 
umns, the  switches  should  be  placed  on  columns  located  on  the  same 
side  of  the  aisle  and  on  the  same  relative  side  of  each  column.  A 
fairly  safe  rule  is  to  control  the  lamps  in  rows  or  groups  parallel 
to  the  windows  or  skylights.  This  will  be  evident  by  reference  to 
Fig.  7,  where  the  switching  is  indicated  by  numerals  adjacent  to 
each  lamp.  Those  lamps  away  from  the  windows  will  be  required 
in  many  cases  when  the  work  nearer  the  windows  is  still  sufficiently 
illuminated  by  daylight.  If  the  rows  of  lamps  are  controlled  in 
rows  perpendicular  to  the  windows,  all  units  in  a  row  will  necessar- 
ily be  on  at  one  time,  when  often  a  portion  only  is  needed. 


FIG.  8 — A  FACTORY  LOCATION  WHERE  THE  LIGHTING   SYSTEM 
WAS    VERY   POOR 

MAINTENANCE    PROBLEMS 

The  foremost  item  connected  with  the  operation  of  a  factory 
lighting  system  is  its  systematic  maintenance.  To  furnish  the  best 
results  a  lighting  system  should  be  maintained  with  the  same  care 
which  attended  its  installation.  The  factors  which  go  to  make  up 
the  maintenance  include  the  renewals  of  incandescent  lamps  and 
the  cleaning  of  reflectors  and  shades.  In  lamps  possessing  mechan- 
ism, repairs  are  necessary,  and  the  trimming  of  arc  lamps  is  the 
large  item  to  be  charged  to  a  system  in  which  they  are  used. 

First  of  all,  if  the  factory  is  sufficiently  large  to  warrant  it, 
there  should  be  an  organized  maintenance  department  for  looking 
after  this  work.  This  department  should  possess  an  accurate  rec- 
ord of  every  lamp  in  the  factory  and  its  type.    Arrangements  should 
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be  made  for  carrying  in  stock  a  sufficient  supply  of  repair  parts  and 
renewals.  It  is  important  that  a  record  be  made  of  all  such  repairs 
as  well  as  of  the  renewals,  together  with  the  labor  involved.  These 
records  will  show  the  maintenance  cost  of  the  various  units,  and  will 
serve  to  indicate  if  this  expense  is  excessive,  due  to  abnormal  condi- 
tions in  the  circuits,  in  the  handling  of  lamps,  or  otherwise. 

The  designing  engineer  may  be  of  service  in  preventing  excess 
maintenance  by  seeing  that  the  lamps  are  so  located  that  the  re- 
newals may  be  easily  made.  A  practical  instance  will  indicate  how 
the  maintenance  may  be  affected  by  the  method  of  installing  the 
lamps.     In  buildings  of  open  steel  construction,  so  called  stringer 


FIG.  9 — A  SIMILAR  LOCATION  IN  THE  SAME  FACTORY  AS  SHOWN  IN 
FIG.  8,  SHOWING  THE  EFFECT  AT  NIGHT  OF  A  SUPERIOR  TUNGSTEN 
LIGHTING   SYSTEM 

The  two  photographs  of  Figs.  8  and  9  were  given  the  same 
length  of  exposure  and  were  taken  at  night. 

boards  are  often  placed  between  girders,  as  lamp  supports.  If  these 
boards  are  not  of  sufficient  strength  to  support  a  ladder,  renewals 
and  cleaning  of  lamps  will  be  difficult.  The  higher  expense  for  pro- 
viding boards  of  sufficient  size  will  be  offset  by  the  greater  ease  in 
making  the  renewals,  thus  reducing  the  maintenance  expense. 

The  cleaning  of  glass  reflectors  is  an  important  item.  The 
depreciation  of  the  efficiency  of  reflectors  due  to  the  accumulation 
of  dust  and  dirt  is  great.  The  proper  time  to  clean  reflectors  is 
when  the  value  of  the  light  lost,  due  to  dust  and  dirt  accumulations, 
equals  the  labor  and  material  cost  of  cleaning  them. 
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In  order  to  realize  the  best  results  from  such  a  maintenance 
department  it  is  desirable  that  all  the  lighting  installations  be 
inspected  once  a  day.  An  inspector  making  his  rounds  should  re- 
port all  lamps  out  of  service,  together  with  the  number  of  lamps 
missing  or  otherwise  in  need  of  repairs.  This  information  em- 
bodied in  a  report  and  furnished  to  the  maintenance  department 
in  such  form  that  all  defective  lamps  can  be  located  quickly,  will 
permit  of  promptly  replacing  such  lamps  and  will  furnish  at  the 
same  time  a  valuable  record  for  calculating  the  maintenance  costs. 

THE   RELATIVE   COST   FACTORS   OF   LIGHT 

In  factory  lighting  the  manager  is  concerned  with  the  cash 
value  of  the  light.  How  much  of  a  return  in  quantity  and  quality 
of  work  will  result  from  the  adoption  of  a  superior  system  as  com- 
pared with  an  inferior  one,  is  the  determining  question.  The 
value  of  good  light  may  be  placed  in  terms  of  time  saved  by  the 
employee  in  performing  a  given  amount  of  work,  in  the  greater 
accuracy  and  perfection  of  the  work,  in  the  saving  of  the  eyes  of 
the  workmen,  and  in  promoting  the  facilities  for  better  and  more 
work  by  providing  brighter  and  more  cheerful  surroundings.  If 
then,  better  light  may  be  interpreted  in  terms  of  so  much  time  saved 
by  the  employee  in  factory  operation,  the  equivalent  in  wages  of  this 
time  saved  is  an  asset  of  the  improved  lighting  system. 

In  a  case  previously  cited  a  superintendent  said  that  his  men 
lost  from  one  to  two  hours  per  day  on  dark  days  due  to  insufficient 
light.  This  meant  that  the  wages  paid  for  an  hour  or  two  each 
day  was  a  complete  loss  to  the  company.  Often,  therefore,  an  ap- 
parently expensive  lighting  equipment  will  prove  economical.  If 
one  kind  of  light  has  a  marked  advantage  over  another,  its  use 
will  result  in  better  or  more  work,  fewer  delays,  less  eye  strain,  and 
in  generally  greater  satisfaction. 

The  first  consideration  in  factory  lighting,  if  properly  appre- 
ciated as  an  invaluable  accompaniment  to  the  quality  and  quantity 
of  the  work  performed  in  a  given  time,  is  the  usefulness  of  the  light 
rather  than  the  placing  of  too  much  emphasis  on  cost  values, 
which  are  often  misleading.  If  the  factory  manager  can  gain 
something  of  this  attitude  to.  the  lighting  question,  viewing  the 
matter  as  an  asset  to  factory  production,  and  will  study  the  kind 
and  quality  of  light  most  suitable  to  each  condition  of  work,  bet- 
ter results  may  be  expected  than  when  all  attention  is  fixed  on 
.slight  differences  in  first  cost  or  annual  charges. 


WINDING  OF  DYNAMO-ELECTRIC  MACHINES  -  X 

ALTERNATING-CURRENT  TURBO-GENERATORS 

TURBO-GENERATORS  present  a  problem  in  armature 
winding  entirely  different  from  that  of  any  other  type  of 
machine.  The  steam  turbine  operates  most  efficiently  at 
high  speeds  and  in  order  to  accommodate  the  generators  to  these 
conditions  with  frequencies  of  25  and  60  cycles,  the  number  of 
poles  must  be  reduced  to  a  minimum.  For  this  reason,  60  cycle 
generators  have  been  built  with  two  poles  for  3  600  r.p.m.  in  capaci- 
ties up  to  2  500  k.v.a.  and  with  four  poles  for  i  800  r.p.m.  up  to 
10  000  k.v.a.  Twenty-five  cycle  generators  are,  of  necessity,  limited 
to  a  maximum  speed  of  i  500  r.p.m.  They  have  been  built  with 
two  poles  in  sizes  up  to  7  500  k.v.a. 

On  the  other  hand,  the  permissible  diameter  of  a  field  rotating 
at  high  speeds  is  very  small,  on  account  of  the  enormous  centrifu- 
gal strains  produced.  The  internal  diameter  of  the  stator  is  thus 
severely  restricted ;  yet  the  machines  must  be  built  for  large  outputs, 
and  these  can  only  be  obtained  by  increasing  the  length  of  the 
armature  core.  A  turbo-generator  consequently  presents  the  ap- 
pearance of  a  long  low  machine,  in  comparison  with  the  narrow 
machines  of  large  diameter  common  to  slow  speed  drives.  The 
armature  coils  are  large  and  unwieldy,  frequently  exceeding  ten 
feet  in  length  and  100  pounds  in  weight,  and  having  a  span  of  30 
to  40  inches.  From  the  wanders  standpoint  this  characteristic  large- 
ness and  clumsiness  of  the  coils,  combined  with  the  small  diameter 
of  the  stator  bore,  form  the  chief  difference  between  the  turbo- 
generator windings  and  any  other  type. 

The  pitch  of  a  turbo-generator  is  always  large;  on  a  two-pole 
machine,  for  example,  it  is  half  the  circumference  of  the  core. 
A  full  pitch  winding  thus  involves  a  large  amount  of  copper  in  the 
end  connections  and  requires  considerable  space  at  the  ends  of 
the  armature.  With  a  fractional  pitch,  both  the  amount  of  copper 
and  the  space  required  for  the  end  connections  can  be  much  de- 
creased and  a  wave  .form  can  be  produced  which  is  very  close  to  a 
perfect  sine.  The  flux  enclosed  by  a  coil  with  a  fractional  pitch 
is,  of  course,  less  than  with  a  full  pitch  winding.  With  a  small 
departure  from  the  full  pitch  the  loss  of  potential  is  slight,  however, 
as  shown  by  Table  I,  and  the  advantages  to  be  gained  are  so  great 
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that   it  is   common  practice   to   use   fractional   pitch   windings   for 
turbo-generators. 

THE    CORE 

Although  the  methods  of  core  assembly  for  a  turbo-generator 
are  the  same  as  for  any  alternating-current  stator,  the  dimensions 
and  general  appearance  are  quite  different.  The  most  noticeable 
distinction  lies  in  the  large  size  of  the  slots  and  in  the  depth  of 
the  core,  due  to  the  small  number  of  poles.  Vent  plates  are  inserted 
in  order  to  provide  thorough  ventilation,  the  frame  being  designed 
for  complete  enclosure  so  that  the  cooling  air  may  be  drawn  from 
outside  the  power  station.  Cooler  and  frequently  cleaner  air  than 
can  be  secured  from  inside  the  station  may  thus  be  used  for  venti- 
lation. The  core  is  retained  in  place  by  heavy  end  plates,  which  are 
keyed  to  the  frame.     In  addition,   on  the  larger  sized  machines, 

TABLE   I — RATIO  OF   PITCH   TO  GENERATED   POTENTIAL 


Percent  Pitch  

100 

90 

80 

70 

60 

50 

40 

Percent  Potential  

100 

09 

95 

89 

81 

71 

59 

insulated  bolts  pass  entirely  through  the  core  as  an  additional  sup- 
port to  prevent  flaring  of  the  iron. 


THE    COILS 

Turbo-generators  have  open  slots,  and  the  coils  may  be  either 
diamond  or  involute,  usually  diamond.  Either  type  of  coil  may  be 
built  in  two-piece  form,  with  one  or  several  turns  per  slot.  The 
two-piece  coil  is  used  where  the  throw  of  the  coils  is  very  great, 
as  in  large  size  bipolar  machines  for  25  cycles.  The  one-piece  coil 
is  used  almost  exclusively  on  the  smaller  machines,  and  in  fact, 
wherever  such  a  coil  is  not  too  cumbersome  to  handle,  provided 
the  complete  coil  can  be  passed  through  the  bore.  The  coils  of 
either  type  may  be  formed  from  cotton  covered  strap  or  cotton 
covered  wire.  Where  a  conductor  of  large  cross-section  is  desired, 
it  is  ordinarily  built  up  of  a  number  of  square  copper  wires  in 
parallel,  to  facilitate  bending  and  to  obtain  proper  lamination.  The 
individual  strands  are  usually  cotton  covered.  Most  turbo-genera- 
tors require  more  than  one  turn  per  slot  in  order  to  obtain  the 
desired  voltage.     These  several  turns  are  bound  together  in  a  me- 
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chanical  unit,  insulated  from  each  other  and  insulated  as  a  group 
from  the  frame  of  the  machine. 

The  coils  may  have  their  end  connections  bent  down  at  any 
angle  whatsoever,  from  zero  to  90  degrees.  The  involute  coils,  of 
course,  lie  flat  against  the  face  of  the  fram.e  as  shown  in  Fig.  118. 
In  practice,  the  diamond  coils  are  always  bent  down  at  the  ends 
from  30  to  60  degrees,  both  to  provide  ample  clearance  and  ready 
access  to  the  rotor,  and  in  order  that  they  may  be  more  suitably 
braced,  as  shown  in  Fig.  119.  Especial  care  is  taken  to  so  shape 
the  coil  ends  as  shown  in  Fig.  120  that  cool  air  can  circulate  freely 

through    them.     Coils 
of  several  turns  some- 
'^  "  ^^M^BB^^^MBS^  times  have  the   indi- 

vidual turns  insulated 
separately  after  they 
leave  the  slots  to  give 
greater  cooling  sur- 
face to  the  ends. 

FORMING  THE  COILS 

Except  for  conduc- 
tors of  large  capacity^ 
the  conductors  are 
formed  from  a  single 
copper  strap.  The 
process  of  forming 
the  coil  is  the  same 
whether  each  conduc- 
tor consists  of  one 
FIG.  118 — TURBO-GENERATOR  WOUND  WITH  bar  Or  scvcral  bars  or 

INVOLUTE  OR  90  DEGREE  COILS  ^^^^^^      j^      parallel, 

each  group  of  wires  or  straps  which  make  up  a  conductor  in  the  lat- 
ter case  being  formed  as  a  single  strap  and  then  bound  together  with 
tape  and  treated  as  a  unit.  For  a  one-conductor  coil,  designated  as 
an  open  coil,  a  strap  of  suitable  length  is  bent  at  the  middle  around 
a  pin,  forming  a  U  with  the  sides  separated  very  slightly.  This  loop 
is  then  mounted  directly  in  a  mould.  A  steel  pin  through  the  bend 
of  the  U  serves  to  hold  the  point  of  the  diamond  vertical  while  the 
sides  are  bent  to  conform  to  the  shape  of  the  mould.  Coils  of  sev- 
eral conductors  are  sometimes  built  in  this  same  way,  by  forming 
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the  individual  conductors  in  a  group  with  a  copper  strip  of  the  same 
thickness  as  the  insulation  inserted  between  them.  The  conductors 
are  separated  and  insulated  from  one  another,  and  are  then  insulated 
from  ground  the  same  as  a  one-conductor  coil,  the  several  conductors 
being  connected  in  series  when  placed  in  the  machine. 

A  coil  of  more  than  one  conductor  formed  from  «i  single  strap 
is  known  as  a  closed  coil  and  requires  several  operations.  The 
strap  is  first  wound  around  pins   set  in  a  flat  table,  to  the  required 


FIG.    1 19 — 2500   K.V.A  TURBO-GENERATOR,    WOUND   WITH 
DIAMOND  COILS 


number  of  turns,  and  is  then  given  its  final  shape  by  forming  over 
a  mould.  Throughout  the  entire  operation  the  conductors  are 
kept  apart  by  straps  of  metal  to  the  same  distance  that  they  will 
be  separated  when  insulated  and  placed  in  the  machine. 

Two-piece  coils  are  formed  from  lengths  of  straight  copper 
strap.  The  ends  are  bent  at  a  suitable  angle  to  the  straight  part 
of  the  coil  around  two  pins  spaced  a  distance  equal  to  the  length 
of  the  straight  part.  The  conductor  is  then  clamped  in  a  mould  and 
the  ends  are  bent  into  shape.    The  several  conductors  in  a  coil  are 
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formed    in   the   same   mould,    they   being   separated   as   before   by 
strips  of  copper  strap.* 

INSULATION 

Since  a  turbo-generator  may  at  times  be  subjected  to  very 
heavy  overloads,  the  insulation  should  be  as  nearly  heat  proof  as 
possible.  For  this  reason,  mica  is  used  to  as  large  an  extent  as 
practicable.  Where  several  conductors  per  coil  are  used,  the  in- 
sulation between  conductors  usually  consists  of  flexible  mica  tape 
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and  mica  cells.    The  individual  conductors  are  then  suitably  bound 
together. 

All  coils  are  impregnated  with  an  insulating  compound  before 
the  insulation  from  ground  is  supplied.  The  straight  parts  may  be 
clamped  tightly  in  metal  clamps  and  impregnated,  or  may  be  im- 
pregnated without  the  clamps  and  placed  in  clamps  to  dry.  Either 
method  results  in  a  compact,  uniform  construction  so  that  the  coil 

*Fig.  3  of  the  article  by  Mr.  Clewell  on  Factory  Lighting,  page  280  of 
the  present  issue,  shows  a  number  of  turbo-generator  coils  of  different 
types  in  various  stages  of  winding.     ,• 
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may  be  fitted  tightly  into  the  slot  with  minimum  risk  of  damaging 
the  insulation. 

The  insulation  from  ground  consists  of  wrappers  of  paper 
and  mica  over  the  straight  part.  The  coil  ends  are  insulated  by 
layers  of  treated  tape,  w^ith  a  covering  of  untreated  tape,  and  the 
whole  is  treated  with  insulating  varnish.  As  in  the  case  of  engine 
type  generators,  if  extra  insulation  is  required  additional  wrappers 


FIG.    121 — TURBO-GENERATOR   PARTLY    WOUND 

Operator  binding  coils  in  position 

of  the  paper  and  mica  are  frequently  used,  the  coil  being  dipped  and 
dried  after  each  wrapper  is  applied.  This  makes  the  building  of  a 
high  voltage  coil  a  long  process,  two  weeks  or  more  frequently 
being  required  for  the  completion  of  a  single  coil. 

Testing — Open  coils  are  tested  for  short-circuits  by  applying 
a  suitable  voltage  between  conductors.  No  short-circuit  tests  are 
made  on  the  individual  closed  coils,  but  an  over-voltage  test  is 
applied  after  they  are  on  the  machine.  All  coils  are  tested  for  in- 
sulation by  wrapping  the  outside  with  tin  foil,  and  applying  from 
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two  to  two  and  one-half  times  normal  operating  voltage  across  the 
insulation. 

WINDING    THE    ARMATURE 

Except  for  the  great  weight  and  large  size  of  the  coils  which 
makes  them  more  difticnlt  to  handle,  the  winding  of  a  turbo-genera- 
tor is  in  all  essentials  similar  to  the  winding  of  an  engine  type 
generator.  The  straight  part  of  the  coil  is  waxed  and  laid  over  the 
slot  opening,  inside  a  paper  cell  with  which  the  latter  is  lined.  In 
order  to  avoid  bending  the  coil,  a  wooden  drift  as  long  as  the 
straight  part  is  used  to  drive  it  into  the  bottom  of  the  slot.     The 

bottom  halves  of  two- 
part  coils  are  inserted 
first  in  all  slots  in  the 
span  of  one  coil,  the  top 
halves  being  inserted 
later.  One-piece  coils 
are  inserted  in  regular 
order. 

As  each  top  coil  is  fit- 
ted into  place,  the  cell 
which  lines  the  slot  is 
folded  over,  and  retain- 
ing wedges,  in  short  sec- 
tions, are  driven  in  place 
over  the  full  length  of 
the  coil,  enough  strips 
of  extra  material  being 
used  in  the  slot  to  make  the  wedges  fit  tightly  over  the  coil.  The 
wedges  are  driven  in  place  by  a  tool  of  special  shape,  operated  by  a 
compressed  air  hammer. 

In  order  to  get  the  bottom  half  of  the  last  few  one-piece  coils 
into  the  slot  it  is  necessary  to  lift  the  top  half  of  the  cOils  which  go 
in  the  same  slots.  With  a  full  pitch  winding  this  would  mean 
one-half  of  the  coils  on  a  two-pole  machine,  and  one  fourth  the 
coils  on  a  four-pole  machine.  With  a  "chorded"  or  fractional 
pitch  winding,  however,  the  number  of  throw  coils  is  less.  The 
throw  of  the  coils  can  be  readily  seen  in  Fig.  121,  which  shows  a 
generator  partly  wound  with  one-piece  coils. 

In  some  cases,  the  improved  space  factor  that  can  be  secured 
makes   it  worth  while   to  use  a  one-coil-per-slot  winding.     This 


FIG.    122 — 3  000   K.V.A.    TURBO-GENERATOR   WITH 
ONE-COIL-PER-SLOT    WINDING 
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winding  is  inserted  in  the  same  way  as  the  two-coil-per-slot  wind- 
ings, except  that  ahernate  slots  contain,  respectively,  front  and 
rear  ends  of  coils  as  shown  in  Fig.  122. 

BRACING 

The  instantaneous  current  which  flows  in  case  of  short-circuit 
on  a  turbo-generator  or,  in  fact,  any  other  generator,  is  very  large 
and  the  magnetic  stresses,  which  vary  as  the  square  of  the  current 
and  the  span  of  the  end  windings  are  consequently  enormous  in  the 


FIG.    123 — 10  000    K.V.A.,    1 1  000   VOLT   TURBO-GENERATOR 
PARTLY    WOUND 

Bracing  and  connecting  of  coils  not  completed 

turbo-generator.  For  this  reason  adequate  bracing  of  the  coil  ends 
is  of  supreme  importance.  Greatest  reliance  is  placed  on  metallic 
braces  securely  bolted  to  the  generator  frame.  For  the  involute 
coils  the  braces  consist  of  U  shaped  clevises  which  are  thoroughly 
insulated  with  treated  tape  and  bolted  to  the  machine  frame  at  the 
ends  through  spacers,  as  shown  in  Fig.  118.  For  diamond  coils, 
the  braces  take  the  form  of  malleable  iron  brackets  bolted  to  the 
frame.     The   coils   are   rigidly   secured   to   these   braces   by   non- 
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metallic  clamps,  reinforced  by  brass  plates,  as  shown  in  Fig.  120 
and  123  and  fastened  to  the  braces  by  insulated  bolts. 

CONNECTING 

Turbine  windings  are  almost  always  connected  with  one  group 
of  coils  per  pole  per  phase.  The  coils  of  each  group  are  connected 
in  series,  as  shown  in  Fig.  123.  In  some  cases  these  connectors 
are  riveted  as  well  as  soldered  in  place.  The  groups  per  phase 
may  be  connected  in  parallel  or  series,  depending  on  the  require- 
ments of  the  machine ;  ordinarily  the  latter  on  machines  of  2  200 
volts  or  higher.     The  end  connections  are  fully  insulated  and  are 


FIG.    124 — 2  140    K.V.A.    TURBO-GENERATOR,    SHOWING 
END  CONNECTIONS 

support  on  the  rear  of  the  braces,  as  shown  in  Figs.  118,  122  and 
124. 


After  all  the  coils  have  been  placed  in  the  core,  their  free  ends 
are  connected  together  and  the  standard  break-down  voltage  is 
applied  from  the  copper  to  the  machine.  A  similar  break-down 
test  is  applied  between  phases  after  the  coils  have  been  connected 
into  groups.  No  further  tests  are  applied  until  the  final  load  tests 
are  run  on  the  assembled  machine. 
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529 — Special    Two-Phase  —  Three 
Phase  Transformer  Connection — 

When  repairing  a  two-phase  in- 
duction motor  some  time  ago,  I 
found  the  transformers  to  be  con- 
nected as  shown  in  Fig.  529 
(a).  Will  you  kindly  explain  this 
connection?  The  transformers 
were  2  200  voh,  primary,  and  were 
connected  to  two  wires  of  a  4000 
volt,  three-phase  circuit  with 
grounded  neutral.  a.  g. 

On    the   primary   side    the   im- 
pressed voltages  are  of  course  120 


Fig.    529    (a)    and    (b) 

degrees  apart,  but  on.  the  second- 
ary side  one  phase  is  reversed,  giv- 
ing the  6o-degree  relation  shown 
in  Fig.  529  (b).  Assuming  a  ratio 
of  transformation  of  10  to  i,  the 
two-phase  voltages  are,  then,  1-2 
and  3-4,  which  are  respectively 
230  volts  and  200  volts  at  no  load, 
when  4000  volts  three-phase  is  ap- 
plied on  the  primary  line.  Phase  A 


draws  current  through  transformer 
A,  and  phase  B  draws  current 
through  transformer  B  and  half  of 
transformer  A.  One-half  of  the 
latter  transformer,  therefore,  car- 
ries the  current  of  both  phases. 
Since  these  two  currents  are  90  de- 
grees apart,  the  resultant  m  this 
part  of  the  winding  when  both 
phases  are  carrying  full  load  will 
be  41  percent  greater  than  normal 
full-load  current.  In  other  words, 
this  winding  will  be  fully  loaded 
when  each  phase  is  carrying  but 
71  percent  (1-M.41)  of  full  load. 
Since  the  capacity  of  the  bank  is 
limited  by  the  capacity  of  that 
winding  in  which  there  is  the 
greatest  heating,  it  will  be  seen 
that  this  connection  has  but  71  per- 
cent of  the  combined  rated  capacity 
of  the  individual  transformers. 

E.  c.  s. 

530 — Synchronizing  Connections — 
In  a  power  station  in  which  four 
400  volt  alternators  operate  in 
parallel  much  trouble  has  been 
experienced  from  short-circuits 
across  the  eight-point  synchron- 
izing plug  receptacles.  The  sec- 
ondary potential  of  the  syn- 
chronizing transformer  is  100 
volts.  The  present  connections 
are  shown  in  Fig.  530  (a).  Occa- 
sionally a  plug  will  be  inserted 
by  mistake  in  two  of  the  recep- 
tacles at  the  same  time,  which  of 
course  causes  a  short-circuit. 
The  blowing  of  the  plug  fuse 
does  not  stop  the  trouble,  but 
there  is  invariably  a  flash  across 
the  receptacle  terminals  which 
destroys  them  and  the  plug.  In 
one  or  two  instances  similar 
short-circuits  have  apparently 
been  started  by  surges  in  the 
transmission  line.  To  remedy 
this  trouble  three  schemes  have 
been  suggested.  In  two  of  these, 
it  is  proposed  to  use  three  syn- 
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chronizing  plug  receptacles,  four 
points  each.  One  of  these  will 
serve  to  make  the  proper  con- 
nections to  the  synchroscope  in 
synchronizing  either  machine. 
Each  of  the  other  receptacles 
will  respectively  serve  to  make 
the  proper  connections  for  an 
individual  machine.  In  the  first 
proposed  arrangement,each  of  the 
latter  two  receptacles  will  serve 
to  open  one  side  of  the  primary 
circuit  of  the  corresponding  syn- 
chronizing transformer  and  one 
side  of  its  secondary  as  well,  in 
this  way  eliminating  the  constant 
loss  due  to  the  synchronizing 
transformer  being  always  con- 
nected to  the  line.  In  the  sec- 
ond proposed  arrangement  the 
only  difference  would  be  that  the 
secondary  circuits  of  the  two 
transformers  would  be  discon- 
nected when  the  plugs  were  not 
in  receptacles,  their  primary  cir- 
cuits being  permanently  con- 
nected. The  third  proposed  ar- 
rangement would  simply  pro- 
vide for  the  insertion  of  low 
capacity  fuses  in  the  leads  con- 
necting the  plug  receptacles  to 
the  respective  generator  circuits. 
Elimination  of  the  possibility  of 
these  short-circuits  and  the  re- 
sulting danger  involved  in  the 
process  of  synchronizing  will 
greatly  simplify  this  important 
operation.  Please  give  the  rela- 
tive merits  of  the  three  proposed 
methods.  c.  l.  g. 

The  scheme  of  synchronizing 
involving  the  least  number  of  oper- 
ations is  essentially  the  best,  and 
Fig-  530  (b)  shows  a  scheme  of 
connections  which  is  preferable 
to  those  proposed.  The  volt- 
meter connections  are  separated 
from  the  synchronizing  con- 
nections, and  one  voltmeter  is 
used  to  read  the  voltage  of 
any  phase  of  either  machine  by 
means  of  the  eight-point  volt- 
meter receptacle,  while  the  second 
voltmeter  is  connected  permanent- 
ly to  the  bus-bars.  This  arrange- 
ment permits  a  comparison  of  the 
voltages  of  the  incoming  and  run- 
ning machines  during  synchron- 
izing. But  one  synchronizing  plug 
is  used  with  the  various  synchron- 
izing receptacles,   this   plug  being 


inserted  in  the  receptacle  of  the 
generator  panel  controlling  the  in- 
coming machine.  When  there  are 
to  be  but  two  generators,  syn- 
chronizing may  be  done  between 
machines  instead  of  irom  machine 
to  bus-bar,  as  shown  in  the  dia- 
gram, it  being  possible  in  this  case 
to  omit  one  shunt  transformer  and 


Figs.  530  (a)  and  (b) — Present  and  revis- 
ed connections  for  synchronizing  between 
any  two  generators  of  station 

A  =  600  volt,  one-ampere  fuse 
B  =  250  volt,  one-ampere  fuse 
one  synchronizing  receptacle.  The 
synchronizing  lamps  and  wiring 
for  them  may  be  omitted  if  they 
are  not  desired,  in  which  case  a 
four  point  receptacle  may  be  used 
for  the  synchronizing  receptacles. 
The  method  of  connection  shown 
in  Fig.  530  (b)  is  to  be  recom- 
mended, however,  as  the  synchro- 
scope, synchronizing  lamps  and 
voltmeters  all  aid  the  operator  in 
the  synchronizing  operation.  The 
fuses    shown   in   the    potential    cir- 
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cuits  may  be  enclosed  fuses 
mounted  in  Edison  plug  cut-outs 
on  the  rear  of  the  board.  With  the 
fuses  mounted  in  this  manner  there 
should  be  no  danger  to  attendants, 
and  with  the  connections  as  shown 
and  the  use  of  onlv  one  syncJironiz- 
ing  plug  and  one  voltmeter  plug 
there  is  little  risk  of  blowing  a 
fuse.  Fig.  530  (a)  has  the  objec- 
tion that,  when  synchronizing  gen- 
erator No.  I  with  the  bus-bars,  one 
plug  must  be  inserted  in  the  mid- 
dle position  of  receptacle  A  and 
another  in  receptacle  C  to  obtain 
a  voltage  comparison  and  two 
more  plugs  must  be  inserted  in  the 
left  hand  position  of  receptacles  D 
and  E,  thus  permitting  of  a  num- 
ber of  chances  for  mistakes.  The 
first  proposed  modification  is  an 
improvement  over  Fig.  530  (a),  but 
two  plugs  are  still  required  to  syn- 
chronize, and  simplicity  is  effected 
by  omitting  the  voltmeter  connec- 
tions. The  second  proposed  mod- 
ification is  not  as  good  as  the  first 
for  this  particular  voltage,  as  in 
the  first  the  receptacle  discon- 
nects the  primary  as  well  as  the 
secondary,  thereby  eliminating  the 
transformer  losses  when  it  is  not 
in  use.  For  higher  voltages,  how- 
ever, the  second  modification 
would  be  preferable  to  the  first,  as 
the  opening  of  the  primary  of  the 
transformer  would  then  require  a 
high-voltage   switch.  c.  h.  s. 

531  —  Starting     Interpole     Motor- 
Generator  Set^A  large  interpole 
generator  driven  by  a  synchron- 
ous motor  is  started  from  the  di- 
rect-current side  but  takes  more 
current   than   is   usual   with   ma- 
chines of  this  size.     What  effect 
would  short-circuiting  the  inter- 
pole circuit  have;  would  the  ma- 
chine    start     more     readily,     or 
would  this  be  a   dangerous  pro- 
ceeding? G.  A.  R. 
Short-circuiting    the     interpole 
coils  would  result  in  serious  spark- 
ing without  effecting  a  reduction  in 
the   starting   current.     If  the   gen- 
erator is  compound-wound  the  best 
way  to  reduce  the  starting  current 
i.=  to  reverse  the  series  coils  so  that 
the  machine  will  operate  as  a  com- 
pound motor,  at  the  same  time  in- 
creasing the  shunt  field  current;  a 
double-pole,    double-throw    switch 


is  usually  connected  in  the  direct- 
current  series  circuit  for  this  pur- 
pose. If  the  generator  is  a  shunt- 
wound  machine  the  shunt  field  cur- 
rent should  be  as  large  as  possible 
during  starting.  w.  a.  d. 

532 — Energy  Consumption  of  Al- 
ternating-Current Arc  Lamps^ 
This  village  has  30  multiple  arc 
lamps,  operated  from  a  250  volt, 
three-phase  generator.  The 
lamps  take  six  amperes.  The 
generator  was  owned  by  a  min- 
ing company,  which  has  now  re- 
moved it,  and  the  village  is  going 
to  install  a  2300  volt,  50  kw  gen- 
erator. Now  the  village  wishes 
to  operate  these  lamps  without 
any  change.  Therefore,  we  will 
locate  a  transformer  centrally  in 
the  village  and  supply  power  to 
the  arc  circuit  at  250  volts.  Of 
course  it  may  be  better  practice 
to  discard  the  old  lamps  and  put 
in  series  type,  but  the  above  is 
what  they  want.  It  surprised  me 
to  note,  when  I  examined  the 
lamps,  that  they  were  rated  at 
six  amperes,  and  I  would  like 
some  information  on  this  point. 
I  do  not  suppose  these  lamps 
consume  more  energy  than  a 
lamp  taking  2.5  amperes  at  250 
volts  on  direct-current.  But  the 
apparent  consumption  is  6  x  250 
=  1500  watts.  Is  this  apparent 
consumption  equivalent  to  l.S 
k.v.a.  ?  If  the  real  consumption 
is  in  the  neighborhood  of  600 
watts,  what  is  the  power-factor 
of  these  lamps?  Much  less  than 
80  percent  and  I  thought  all  arc 
lamps  had  about  that  figure. 
What  will  be  the  capacity  of  a 
transformer  to  operate  this  cir- 
cuit of  30  lamps?  Assuming  they 
require  600  watts  per  lamp,  will 
an  18  kw  unit  do  or  must  we 
have  one  of  45  kw  capacity? 

J.  F.  s. 
If  the  lamps  are  equipped  with 
a  choke  coil  inside  the  case  and  are 
rated  at  six  amperes— then  they 
take  six  amperes  at  the  terminals, 
and  on  a  250  volt  circuit  will  take 
1.5  k.v.a.  at  the  terminals.  The 
required  transformer  capacity  for 
30  such  lamps  will  be  45  k.v.a.  If 
the  lamps  are  of  modern  make  an 
auto-transformer  will  be  used  in- 
side the  case.     Such  a  lamp  taking 
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six  amperes  at  the  arc  will  take 
about  2.8  amperes  at  the  terminals 
and  on  a  250  volt  circuit  it  will  take 
about  0.7  k.v.a.  The  transformer 
capacity  for  30  such  lamps  would 
be  21  k.v.a.  If  lamps  of  the  choke 
coil  design  are  in  use  on  250  volts 
it  is  obviously  very  poor  economy 
to  continue  their  use;  for,  by  in- 
stalling modern  lamps  twice  as 
many  could  be  operated  for  the 
same  k.v.a.  generator  capacity,  at 
the  same  time  giving  better  results. 
For  further  information  regarding 
the  effect  of  low  power-factor  load 
on  generator  capacity  requirements 
note  Journal  Question  Box  refer- 
ences under  "Power-Factor,"  p.  18, 
in  The  Six  Year  Topical  Index; 
article  on  "Alternating-Current 
Generators,"  by  Mr.  P.  M.  Lincoln, 
in  the  Journal  for  Nov.  and  Dec, 
1906,  and  article  on  "Rational  Se- 
lection of  Generators,"  by  Mr.  F. 
D.  Newbury,  Oct.,  1909,  p.  584. 

D.  A.  r.. 
533 — Incandescent  Lamp  Voltage 
Raised  by  Paralleling  with  In- 
ductive and  Non-inductive  Re- 
sistances—Two lamps  in  series 
have  a  constant  alternating 
potential  maintained  across 
them.  If  one  lamp  is  shunted 
by  a  suitable  inductive  resist- 
ance and  the  other  by  a  non- 
inductive  resistance;  as  indi- 
cated in  Fig.  533  (a)  they  glow 
more  brightly;  i.  e.,  more  current 
passes  through  them.  How  is  it 
that  the  ordinary  method  of  mak- 
ing alternating-current  calcula- 
tions does  not  indicate  this? 
What  modification  must  be  made 
in  the  ordinary  method  in  order 
to  indicate  it?  j.  p. 

The  ordinary  method  of  mak- 
ing alternating-current  calculations 
covers  the  case  stated.  If  the  lamps 
are  considered  as  voltmeters,  indi- 
cating rise  of  voltage  by  increased 
brilliancy,  the  case  is  reduced  to 
the  familiar  one  of  demonstrating 
that  the  sum  of  the  voltages  across 
an  inductive  and  non-inductive  re- 
sistance in  series  is  not  equal  to 
their  algebraic  sum  but  to  their 
vector  sum.  When  only  the  two 
lamps  are  in  circuit  it  is  practically 
non-inductive,  the  voltages  across 
the  lamps  are  in  phase,  and  are 
each  equal  to  one-half  of  the  line 
voltage.      When    the     shunts    are 


closed  across  the  lamps  the  circuit 
becomes  inductive  and  the  current 
lags  behind  the  line  voltage.  Fig. 
533  (b)  shows  this  condition.  Let 
OA  be  the  line  voltage,  OB  the  cur- 
rent and  the  angle  AOB  the  phase 
angle  of  the  resultant  current  in 
the  line.     The    lamp    with    non-in- 


Figs.    533    (a),    (b),    (c)    and    (d) 

ductive  shunt  will  have  a  voltage 
across  it  which  will  be  in  phase 
with  the  current  and  which  can  be 
represented  by  OC.  Since  the  volt- 
age across  the  second  lamp  and  in- 
ductive shunt  is  the  vector  differ- 
ence between  OA  and  OC  it  is  rep- 
resented by  CA.  When  the  relation 
of  the  inductance  and  resistance  is 
such  as  to  leave  the  two  lamps 
burning  with  equal  brilliancy,  then 
OC  equals  CA  and  each  is  greater 
than  one-half  of  OA.  The  dia- 
grams. Figs.  533  (c)  and  (d),  show 
the  phase  relation  and  relative 
magnitude  of  the  currents  and  volt- 
ages in  the  circuit  of  Fig.  533  (a), 
assuming  the  inductive  shunt  to  be 
of  such  value  that  the  current  in 
the  line  lags  30  degrees,  that  the 
non-inductive  shunt  equals  one 
lamp  in  resistance,  and  that  the 
lamps    burn  with   equal   brilliancy. 
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Fig-  533  (c)  is  the  vector  diagram 
for  the  circuit  and  the  vectors  are 
as  follows:  OA  =  line  voltage  E; 
OB  =z  line  current  /;  OC  =  voltage 
£,;  op  =  voltage  £,;  OE  —  cur- 
rent in  lamp  A  and  non-inductive 
shunt  B;  OG  =  current  in  lamp 
C;  and  OF  =  current  in  inductive 
shunt  D.  Fig.  533  (d)  shows  the 
curves  of  instantaneous  values  of 
all  currents  and  voltages  and  is  ob- 
tained by  revolving  Fig.  533  (c) 
counter-clockwise  about  O  and  tak- 
ing the  successive  values  of  the 
vertical  projections  of  the  several 
vectors.  l.w.c. 

534 — Unbalanced  Load  on  Three- 
Phase  System — What  would  be 
the  effect  on  the  regulation  of  the 
generator  or  possible  disturb- 
ance if  the  load  at  point  "B,"  Fig. 
534  .(a)  were  carried  by  the  gen- 
erating station  at  A  as  an  op- 
tional source  of  power?  Power 
is  ordinarily  delivered  to  points 
A  and  5  by  a  transmission  com- 
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pany;  however,  in  case  of  emer- 
gency, power  is  developed  at  A 
to  supply  current  at  A  only,  the 
latter    requiring    60    kw,    three- 
phase    load,    practically    non-in- 
ductive. J.  R.  K. 
It   is  assumed  that  under  cer- 
tain conditions  the  loads  at  A  and 
B  are  to  be  supplied  from  the  115 
k.v.a.  generator,  the  load  at  B  be- 
ing fed  through    the    transformers 
and  line  as  shown.     The  30  kw  at 
B    then    comes    through    the    two 
transformers   in   "V",   these   acting 
in   this   case   simply   as  two  trans- 
formers connected  in  series  single- 
phase   and   operating  at   half  volt- 
age.     Hence,    for    normal    heating 
they  can  deliver  but  one-half  their 
rating,    or    100    kw    to    the    single- 
phase  load  at  B.    Since  this  load  is 
but  30  kw   no  trouble  will   be  ex- 
perienced.  The  B  load  is  paralleled 


at  A  with  a  three-phase  load  of  60 
kw,  thus  making  a  total  of  20  kw 
per  phase  on  two  phases,  and 
20  +  30,  or  50  kw  on  the  third  phase, 
i.  e.,  90  kw  in  all.  The  effect  is  to 
produce  unbalanced  regulation  on 
the  different  phases  of  the  gener- 
ator and  to  cause  two  of  the  wind- 
ings, if  star-connected,  to  carry 
more  than  their  rated  current.  The 
overload  in  these  windings  may  be 
as  great  as  25  percent  when  the 
power-factors  of  loads  A  and  B  are 
approximately  the  same  on  the  ex- 
ternal loads  at  these  points,     e,  c.  s. 

Note 

Referring  to  No.  513,  Dec,  _  1910, 
relating  to  methods  of  reversing  a 
two-phase  motor  on  a  two-phase 
three-wire  line,  it  has  been  sugges.ed 
that  diagrams  be  given  showing  the 
original  connections  and  the  three 
reversing  connections   noted  therein. 


Case  4 

In  the  accompanying  diagrams  case 
I  represents  original  connections; 
case  2,  reversal  of  motor  by  revers- 
ing connections  of  phas.>  B  (see 
Fig-  513  a)  ;  case  3,  reversal  by  re- 
versing phase  A;  case  h,  reversing 
two  of  the  three  line  connections  to 
the  motor,  the  neutral  connections 
remaining  unchanged. 
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Notable    views    regarding   corporations    were   ex- 
Government     i)ressed  in  the  addresses  of  Mr.  George  W.  Per- 
and  the  kins    and    Mr.    George    Westinghouse    before    the 

Corporations  Southern  Commercial  Congress,  held  in  Atlanta 
last  month.  ]\Ir.  Westinghouse,  whose  address  is 
reproduced  in  this  issue  of  the  Jourxaj.,  proposes  that  power  com- 
panies should  not  merely  be  allowed  to  consolidate,  but  should  be 
compelled  to  do  so,  in  order  that  the  many  advantages  of  operation 
on  a  large  scale  may  be  secured. 

Mr.  Perkins,  speaking  on  "Modern  Industrialism,"  shows  how 
The  physical  or  engineering  side  of  modern  affairs  has  advanced 
mucii  more  rapidly  than  the  moral  or  human  side.  The  lawmaker 
and  the  business  man  arc  not  keeping  pace  with  the  inventor  and 
the  engineer.  The  fundamental  conditions  which  underlie  many 
of  the  social,  industrial,  commercial  and  legal  problems  of  the  pres- 
ent time  are  well  ]:)resented  b}-  Mr.  Perkins  in  the  following  para- 
graphs :— 

"The  last  one  hundred  years  has  been  the  supreme  day  of  the  in- 
ventor. Steam  and  electricity  in  his  hands  have  annihilated  dis- 
tance and  brought  the  ])eople  of  the  world  face  to  face  with  one 
another  and,  therefore,  face  to  face  with  entirely  new  problems 
in  commercial  affairs. 

"While  this  startling  transformation  has  been  taking  place, 
lawmakers  in  the  United  States  have  not  been  idle ;  they  have  been 
as  active  as  have  been  the  inventors.  Myriads  of  laws  have  been 
passed,  having  as  their  sole  object  the  restricting,  limiting  and  cur- 
tailing of  business.  While  the  inventor  has  been  expanding  the 
business  man's  opportunities,  the  lawmaker  has  been  endeavoring 
to  contract  them.  The  clashing  of  these  two  great  forces  is  large- 
ly responsible  for  our  present  conditions.  While  laws  have  been 
enacted  having  as  their  purpose  the  prevention  of  business  getting 
together,  we  have  had  the  uses  of  steam  and  electricity  so  perfect- 
ed that  the  business  world  has  been  irresistibly  drawn  together, 
and  the  attempts  of  man  to  make  laws  that  will  nullify  conditions 


3o6  THE  ELECTRIC  JOURNAL 

that  have  come  about  through  the  conquest  of  the  mysteries  of  Na- 
ture will  never  permanently  succeed.  One  might  just  as  well  attempt 
to  legislate  against  lightning. 

"A  corporation  is  a  composite  of  steam,  electricity  and  men. 
We  have  learned  how  to  regulate  and  control  steam  and  electricity. 
Let  us  teach  ourselves  how  to  regulate  and  control  a  corporation. 

"While  the  agitation  of  recent  years  has  been  unfair  and  harm- 
ful in  many  instances,  it  has  set  business  men  thinking,  has  awaken- 
ed the  business  conscience,  and  has  brought  a  new  realization  of 
the  fact  that  it  is  as  true  of  business  as  it  is  of  the  individual  that 
there  is  no  permanent  success  unless  it  be  based  upon  integrity  of 
character." 


Anything  said  about  the  present  or  future  of  the 
The  work  of  the  Southern  Power  Company,  so  ably 

Electrical        outlined  by  Mr.  Magraw  in  this  issue  of  the  Jour- 
Possibilities      ^^^,  would  naturally  refer  to  cotton,  for  there  is 
of  the  "o  other  great  industry   so  absolutely  dominated 

South  t)y  any  one  country  as  to  be  even  mentioned  in 

comparison  with  cotton.  That  portion  of  the 
present  crop,  which  has  been  shipped  from  the  South  to  be  manu- 
factured elsewhere,  will  bring  over  six  hundred  million  dollars,  a 
greater  sum  than  the  world's  gold  and  silver  production.  When 
converted  into  the  various  yarns,  fabrics,  laces,  etc.,  manufactured 
in  the  North  and  abroad,  it  could  safely  be  appraised  at  three  times 
this  amount.  If  the  mills  in  the  South  would  increase  at  the  same 
rate  as  the  demand  for  manufactured  goods,  this  vast  amount 
vv'ould  remain  here  to  enrich  the  country  to  which  it  normally  be- 
longs. That  the  South  can  produce  several  times  the  amount  of 
raw  cotton  it  is  now  growing  is  well  known  to  all  familiar  with 
the  prevailing  conditions ;  and  that  the  demand  will  soon  be  made 
upon  it  to  do  this  is  equally  well  known  by  those  who  are  familiar 
with  the  new  channels  open  for  the  use  of  cotton. 

Of  the  one  hundred  and  twenty-four  million  cotton  spindles 
in  operation  in  the  world,  twenty-eight  million  are  located  in  the 
United  States,  and  twelve  million  of  these  in  the  South.  Sixty 
percent  of  the  latter  are  located  in  the  territory  shown  on  the  map 
of  the  Southern  Power  Company's  transmission  lines  in  Mr. 
Magraw's  article.  These  mills  represent  an  investment  of  one 
hundred  and  seventy-five  million  dollars  and  produce  annually  man- 
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ufactured  goods  worth  approximately  three  hundred  milHon.  They 
manufacture  only  thirteen  percent  of  the  cotton  grown  in  the  South, 
and  only  recently  have  they  gone  into  the  spinning  of  fine  yarns. 
Thirty  years  ago  there  was  in  operation  in  this  same  district  less 
than  three  percent  of  the  present  number  of  spindles. 

That  the  growth  of  the  manufacture  of  cotton  goods  in  the 
South  has  been  normal  and  that  the  future  growth  is  assured  is 
evidenced  by  the  natural  advantages  which  this  country  possesses; 
the  proximity  to  raw  material,  the  unsurpassed  climate  of  the  Pied- 
mont region,  good  transportation  facilities,  a  plentiful  supply  of 
labor  and  an  abundance  of  cheap  pow-er. 

With  these  facts  before  them,  it  is  not  surprising  that  men 
who  have  watched  the  South  come  out  of  poverty  into  wealth, 
should  devote  their  energies  and  money  to  the  upbuilding  of  two 
very  important  links  in  the  chain  of  natural  advantages.  That  they 
in  no  way  overestimated  the  opportunity  is  seen  by  a  glance  at  the 
load  curve  given  by  Mr.  Magraw.  In  the  seven  years  of  operation, 
it  shows  a  growth  of  business  that  is  exceptional  and,  at  first  glance, 
seems  phenomenal.  When  work  was  started  on  the  first  hydro- 
electric development,  the  electric  drive  of  cotton  mills  was  new  and 
almost  unheard  of.  The  mills  were  using  a  drive  that  seemed 
quite  satisfactory  to  them  and  investors  were  loath  to  increase  their 
capitalization  for  something  untried.  The  larger  mills  were  pro- 
ducing power  from  steam  at  a  cost  that  would  hardly  warrant  the 
change,  were  there  no  other  advantages.  The  explanation  is  that 
the  mills  saw  in  the  change  a  greatly  increased  production.  The 
substitution  of  the  turbine  and  electric  drive  for  the  reciprocating 
engine  gave  the  spindle  uniform  speed,  and  the  centralization  of 
power  left  the  mill's  superintendent  more  time  to  devote  to  the  per- 
fection of  his  product.  Also  the  output  of  the  various  parts  of 
the  mill  could  be  adjusted  for  production  balance  by  speeding  up 
or  running  any  department  overtime.  In  confirmation  of  this,  it 
is  noteworthy  that  the  curve  rises  slowly  at  first,  but  turns  up  as 
soon  as  sufficient  time  had  been  given  the  electrically  driven  mills 
to  demonstrate  their  superiority. 

Not  more  than  seventy-five  percent  of  the  mills  in  North  and 
South  Carolina  can  be  considered  as  a  possible  load,  as  the  other 
twenty-five  percent  are  operated  from  water  powers  owned  by  the 
mills.  Nearly  half  of  the  former  are  now  driven  by  the  Southern 
Power  Company,  and  a  large  part  of  the  other  half  will  be  reached 
by  the  lines  under  construction.  More  specifically,  this  company 
supplies  power  to  one  hundred  and  fifty-two  cotton  mills,  several 
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oil  mills,  forty  cotton  gins,  six  street  car  systems,  and  the  lighting 
and  power  load  in  forty-five  towns  and  villages. 

It  is  estimated  that  the  present  load  carried  by  the  system  is 
equivalent  to  the  energy  of  over  a  million  tons  of  coal  annually.  By 
the  building  of  dams,  power  houses  and  transmission  lines,  this  en- 
ergy has  been  conserved  from  a  source  that  up  to  that  time  had  been 
going  absolutely  to  waste. 

The  economic  question  that  arises  is :  Has  new  business  really 
been  created,  or  have  channels  of  commerce  simply  been  diverted? 

If  an  increase  of  production  in  cotton  mills  was  all  that  had 
been  accomplished  by  this  large  expenditure  of  capital,  the  invest- 
ment would  be  justified,  but  the  benefits,  we  believe,  have  wider 
ramifications.  The  mills,  the  towns  and  the  cities,  and  the  country, 
have  profited  in  other  ways.  Labor  and  material  used  in  construc- 
tion require  the  expenditure  of  a  large  amount  of  money  locally ; 
and  the  supervision  of  work  of  this  nature  brings  in  many  men 
who  are  valuable  as  a  city  asset.  Furthermore,  w^hen  a  company 
and  its  consumers  buy  largely,  their  center  of  operation  receives 
considerable  attention  from  manufacturers.  Local  offices  and  dis- 
tributing points  are  opened,  which  bring  in  more  valuable  city  ma- 
terial. The  railway,  the  hotel,  the  merchant,  the  land  owner,  the 
manufacturer  and  the  professional  man.  are  directly  benefited ;  but 
perhaps  more  valuable  than  any  of  these  is  the  advertisment  re- 
ceived from  the  engineers,  salesmen  and  business  men  who,  from 
time  to  time,  visit  the  scene  of  operation.  The  direct  result  is  the 
establishment  of  new  industries  and  a  general  increase  in  activity 
which  help  to  make  permanent  advancement  to  the  whole  district. 

Great  as  may  be  the  influence  of  these  factor  in  the  upbuilding 
of  local  business,  even  greater,  we  believe,  is  the  impetus  given  the 
South  in  general  by  the  confidence  shown  by  men  of  broad  ex- 
perience in  investing  their  money  in  an  enterprise  that  must  stand 
or  fall  by  the  success  or  failure  of  the  business  men  living  in  this 
country  and  conducting  its  business.  These  investors  are  going 
hand  in  hand  with  the  men  of  the  South,  and  the  South's  success 
is  their  success ;  the  South's  failure  their  failure.  Fortunately,  the 
success  of  the  work  is  not  in  doubt,  and.  in  the  light  of  the  things 
that  have  already  been  accomplished  by  the  men  who  have  covered 
this  section  of  the  country  with  a  network  of  transmission  lines 
and  have  under  construction  hundreds  of  miles  of  electric  railway, 
we  are  assured  that  the  ultimate  benefits  to  the  South  will  be  many, 
manv  times  greater  than  the  present  individual  benefits  to  the  mills. 

J.  W.  Eraser 
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\\'e  always  admire  the  mathematician  who  can  go 
Iron  through  a  very  compHcated  mathematical  demon- 

Loss  stration  and  arrive  at  a  correct  result;  we  some- 

Measurements  times  fail  to  appreciate  the  still  greater  achieve- 
ment of  him  who,  understanding  the  mathematics 
of  the  case,  can  arrive  at  a  simple  solution  of  the  same  problem 
in  such  a  way  that  even  the  uninitiated  can  understand  the  steps, 
or  can  perform  them  mechanically  without  the  necessity  of  under- 
standing them. 

The  iron  loss  voltmeter  and  the  results  obtained  by  its  use,  de- 
scribed in  the  article  entitled  "Testing  Transformer  Iron  Losses  on 
Sine  Wave  Basis,"  in  this  issue  is  a  case  similar  to  that  cited  above. 
Here  a  method  is  found  which  simply  and  automatically  takes  care 
of  a  number  of  disturbing  influences  which  enter  into  and  complicate 
the  testing  of  the  iron  loss  of  transformers.  This  method  has  been  in 
use  in  the  testing  department  of  the  W'estinghouse  Electric  & 
Manufacturing  Company  for  about  three  years;  it  is  there  known 
as  "the  fool-proof  method,"'  and  Mr.  Spooner's  results  check  with 
those  obtained  in  a  long  series  of  tests  made  before  its  adoption. 
The  simplicity  and  accuracy  of  the  method  is  of  the  greatest  value 
in  routine  factory  testing,  as  it  eliminates  the  necessity  for  a  special 
generator  for  iron  loss  measurements ;  entirely  satisfactory  tests 
can  be  made  on  a  system  where  the  generators  supplying  the  sys- 
tem a'-e  either  lightly  or  fully  loaded,  and  where  the  voltage  wave 
is  subject  to  frequent  variations. 

The  iron  loss  voltmeter  is  also  useful  in  connection  with  tem- 
perature tests  on  transformers ;  it  allows  such  tests  to  be  made  on 
the  basis  of  normal  iron  loss  and  rated  current,  in  place  of  normal 
voltage  and  rated  current,  as  is  the  usual  practice.  Since  using  this 
method  of  making  temperature  measurements,  many  readings 
wdiich  were  considered  inaccurate  due  to  thermometer  calibration, 
bad  placing  of  thermometers,  variation  of  current,  etc.,  have  been 
completely  eliminated,  for  with  the  use  of  the  iron  loss  voltmeter 
the  actual  iron  loss  in  the  transformer  can  be  kept  constant. 

Anyone  familiar  with  the  reading  of  electrical  instruments  can 
make  entirely  satisfactory  iron  loss  tests  with  this  meter  and  be 
sure  that  the  results  are  as  accurate  as  the  best  that  can  be  obtained 
by  one  skilled  in  taking  wave  shapes  and  making  all  the  corrections 
incident  to  the  methods  formerly  available  for  this  work. 

C.  E.  Skinner 
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Should  the  pubhc  school  and  the  technical  school 
The  New        equip  their  graduates  for  taking  up  their  vocational 
View  of         work  immediately,  or  should  apprentice  or  training 
Industrial        courses  be  provided  in  the  various  industries.  Dur- 
Training        ing  the  past  decade  the  graduate  of  the  technical 
school  has  come  into  general   favor,  possibly  be- 
cause he  is  no  longer  expected  to  be  a  trained  practical  expert 
when    he  receives    his  diploma,    but    is    presumed    to    have    a  pre- 
liminary training  so  that  he  can  quickly  acquire  the  special  train- 
ing and  the  practical  experience  in  his  chosen  vocation. 

Likewise,  there  is  a  growing  belief  that  neither  the  public 
schools  nor  manual  training  schools  should  be  expected  to  supply 
trained  men,  but  that  the  industries  themselves  should  furnish 
training  by  apprenticeship  courses.  This  is  because  it  is  not  the 
function  of  the  schools  to  teach  trades.  It  is  their  function  to  fur- 
nish good  beginners  and  the  trade  itself  should  be  learned  while 
working  in  the  trade.  Manufacturers  have  usually  looked  upon  an 
apprenticeship  course  with  class-room  adjuncts,  with  little  favor. 
If  the  new  view  is  the  correct  one,  if  it  is  essential  that  the  training 
upon  which  the  life  and  growth  of  industry  is  to  depend  must  be 
fostered  within  the  industry  itself,  and  if  the  problem  of  trans- 
forming the  unskilled  into  the  skilled  is  one  which,  in  a  large  meas- 
ure, the  industries  themselves  must  solve,  then  the  problem  becomes 
of  fundamental  consequence  in  our  industrial  progress. 

Modern  conditions  have  created  a  new  need  for  trained  men, 
for  engineers  on  the  one  hand  and  for  skilled  workmen  on  the 
other,  which  has  already  brought  about  great  changes  in  engi- 
neering schools,  which  should  bring  about  changes  in  our  public 
schools  and  which  is  bringing  about  new  methods  in  the  training  of 
men  in  the  industries  themselves. 

The  new  apprenticeship  with  its  new  aims  and  new  methods 
and  its  far-reaching  possibilities,  was  presented  at  a  recent  meeting 
in  Boston  of  the  National  Society  for  the  Promotion  of  Industrial 
Education.  The  whole  subject  is  of  such  vital  interest  to  those  in- 
terested in  education  and  in  industry  that  the  substance  of  the 
several  papers  presented  is  given  in  this  issue  of  the  Journal. 

Chas.  F.  Scott 
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OF  THE  SOUTH--- 

GEORGE  WESTINGHOUSE 

IF  we  examine  broadly  the  changes  which  have  come  about  in 
industrial  methods  and  in  the  means  of  transportation  since 
the  invention  of  the  steam  engine,  it  will  be  found  that  the  ap- 
plication of  power  has  been  the  fundamental  factor  in  bringing 
about  the  characteristic  conditions  of  the  era  in  which  we  live. 
The  steam  vessel  and  the  steam  locomotive,  by  revolutionizing 
transportation  methods,  made  possible  the  present  development  of 
our  country.  It  is  the  power  of  the  steam  engine  or  the  water- 
wheel  which  has  substituted  the  power  loom  for  the  hand  loom, 
with  all  the  marvelous  results  which  have  followed.  Similarly, 
throughout  nearly  every  industry,  human  muscle  is  no  longer  the 
source  of  power,  for  the  hand  now  directs  and  controls  the  untir- 
ing and  unlimited  power  of  great  engines.  Reduced  to  its  ultimate 
terms,  the  vital  forces  in  industry  and  in  transportation  come  from 
coal  mines  and  waterfalls,  resources  with  which  the  South  is  abun- 
dantly blessed,  and  the  problem  is  to  secure  power  from  these 
sources  and  to  utilize  it  in  building  up  the  industrial  and  commercial 
life  of  the  community. 

THE   AGE   OF   ELECTRICITY 

Had  a  Jules  Verne  sought  to  imagine  some  universal  servant 
of  mankind,  he  would  well  have  depicted  some  magic  agent  which 
would  apply  Nature's  forces  to  do  man's  work;  which  could  take 
the  energy  of  her  hidden  coal,  of  the  air,  or  of  her  falling  water, 
carry  it  by  easy  channels  and  cause  it  to  give  the  light  of  a  million 
candles,  the  power  of  a  thousand  men,  or  to  move  great  loads  fast- 
er than  horses  could  travel,  to  produce  heat  without  combustion, 
and  to  unlock  chemical  bonds  and  release  new  materials.  No  such 
wonder  was  pictured  by  the  imagination  of  the  seers  of  the  past; 
and  yet  a  subtle  force  which  transcends  the  powers  of  the  imagina- 
tion is  daily  doing  all  these  things — a  vitalizing  force,  which  is 
already  stimulating  the  physical  recovery  of  the  South;  and  if  we 
still  think  of  the  present  as  the  era  of  steam  and  steel,  unques- 
tionably the  coming  epoch,  whose  dawn  we  are  privileged  to  wit- 


*An  address  delivered  before  the  Southern  Commercial  Congress  at  At- 
lanta, Georgia,  March,  19". 
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ness,  will  be  known  as  the  Age  of  Electricity.  First  the  toy,  and 
long  the  mystery  of  the  scientist,  electric  power  is  now  a  familiar 
tool  for  the  accomplishment  of  the  work  and  the  increase  of  the 
comfort  and  pleasure  of  mankind. 

Although  we  may  not  know  the  ultimate  nature  of  electricity, 
yet  we  do  know  some  of  its  essential  laws  and  methods  of  con- 
trolling and  using  it 

During  the  twent_\--five  years  in  which  1  have  been  inti- 
mately interested  in  the  electrical  art.  a  development  has  been 
witnessed  which  has  surpassed  the  most  o[)timistic  predictions. 
At  the  beginning  of  this  period  it  was  the  general  conviction  that 
electricity  would  be  limited  to  local  use  in  the  lighting  of  densely 
populated  districts  or  the  supply  of  power  to  adjacent  factories. 
Indeed,  there  had  been  no  developments  to  remotely  foreshadow 
what  .has  since  been  accomplished. 

A  Simf^lc  bur  Great  hivcnt'wn — At  that  period,  however,  there 
had  already  been  developed  and  operated  electric  arc  lighting  cir- 
cuits of  high  voltage,  extended  over  rather  large  areas,  with  t!ie 
pressure  upon  the  wires  of  from  2000  to  7000  volts,  which  prac- 
tically demonstrated  that  considerable  electric  power  could  be 
cheaply  transmitted  if  means  could  be  found  to  utilize  safely  high- 
voltage  electric  current  for  power  and  light  and  for  other  purposes ; 
but  such  means  were  not  then  known.  It  often  happens,  when 
something  is  greatly  needed  for  any  great  purpose,  that  as  a  result  of 
a  lively  appreciation  by  many  of  the  existing  need,  there  arises  in  due 
course  invention  or  discovery  which  meets  the  demand,  and  so  it 
was  in  the  matter  of  invention  and  discovery  which  gave  us  a  sim- 
ple static  device,  consisting  of  two  coils  of  copper  wire  surround- 
ed by  sheets  of  iron,  w^hich  could,  without  an  appreciable  loss  of 
energy,  transform  alternating  electric  currents  of  high  voltage  and 
small  quantity,  dangerous  to  life,  into  low-voltage  currents  of  large 
quantity,  safely  available  for  all  power,  light,  heat  and  other 
purposes. 

To  the  part  I  took  in  bringing  forward  in  the  '80s  of  the  last 
century  the  altcniatinci-cnrrcnt  system  of  electric  generation  and 
distribution,  I  owe  much,  if  not  all,  of  the  reputation  accorded  to 
me  as  one  of  the  many  pioneers  in  what  is  now  a  great  and  im- 
portant industry. 

IVhen  Restrictive  Lazes  IVould  Have  Defeated  Progress — 
The  introduction  of  alternating-current  apparatus  was  bitterly  op- 
posed by  those  who  were  then  exploiting  direct-current  apparatus. 
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and  legislation  was  sought  to  prohibit  its  use  because  of  its  al- 
leged danger  to  life.  I  mention  this  incident  because  it  clearly 
shows  that  restrictive  laws  are  not  always  advantageous,  for  had 
the  legislation  sought  for  by  the  opponents  of  the  alternating- 
current  system  been  secured  and  enforced,  I  would  not  now  have 
any  justification  for  this  adddress,  because  the  influence  of  elec- 
tricity in  the  development  of  the  South  would  he  too  unimi)ortant 
to  entitle  it  to  consideration  on  this  occasion. 

Electric  Power  Carried  Over  200  Miles — As  a  result  of  the 
development  of  the  alternating  current  and  of  vears  of  experience 
in  the  manufacture  of  electric  transformers  and  of  insulators  for 
supporting  electric  conductors,  power  is  now  successfully  trans- 
mitted by  alternating  current  over  distances  of  two  hundred  miles 
or  more.  Thus  water-power  in  almost  inaccessiljle  places  awaits 
only  the  coming  of  engineers  and  of  capital  to  be  made  availaljle 
for  industrial  purposes. 

It  is  estimated  by  those  who  have  made  a  study  of  the  sources 
of  water-power  of  the  Appalachian  mountains,  that  there  can  ulti- 
mately be  developed  from  5  000  000  to  7  000  000  horse-power  dur- 
ing the  dry  season  of  the  year,  and  a  much  larger  quantity  at  other 
times.  This  great  water  power  is  l:)rought  by  Nature  to  your  moun- 
tains and  hills  in  widely  varying  quantities  and  will  continue  in- 
definitely ;  but  the  maximum  and  minimum  flow  of  the  waters  of 
your  rivers  can  be  affected  by  the  works  of  man  and  by  a  wise 
conservation  of  your  forests. 

Electricity  to  Do  the  JVorld's  Work — Notwithstanding  our  fa- 
miliarity with  the  present  uses  of  electricity,  few  of  us  really  com- 
prehend how  universal  and  fundamental  is  the  part  which  elec- 
tricity is  destined  to  assume  in  the  life  of  future  generations. 
Nothing  else  can  convey,  distribute  and  apply  power  in  a  way 
which  compares  with  electricity.  From  one  dynamo  can  be  taken 
the  power  for  operating  the  telephone  and  the  telegraph,  the  power 
for  lighting,  the  power  for  operating  street  cars  and  railroad  trains, 
the  power  for  operating  mills  and  factories  and  mines,  the  power 
for  electro-chemistry,  the  power  for  heating.  Electricity  is  a  uni- 
versal means  of  applying  power  for  doing  the  physical  work  of 
the  world.  It  is  effective,  not  only  in  the  application,  but  in  the 
production  of  power.  Less  coal  is  required  for  producing  electric 
power  on  a  large  scale  than  is  required  when  many  individual  en- 
gines of  smaller  size  are  used.  Water  powers  which  otherv.'ise 
would  be  unavailable  are  made  useful  for  supplying  power  to  dis- 
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tant  cities,  and  even  a  mill  located  at  a  water  power  will  give  better 
service  when  it  uses  the  electric  drive.  Electricity  affords  a  sim- 
pler, better  way  of  doing  many  things  with  which  we  are  familiar, 
and  it  also  makes  possible  new  methods  and  new  developments 
which,  without  it,  would  be  impossible. 

With  electric  power  the  mill  can  draw  its  energy  from  any 
stream  within  a  radius  of  a  hundred  miles  or  more;  it  may  be  lo- 
cated on  high  and  healthful  ground,  on  the  outskirts  of  an  estab- 
lished town  or  city  where  labor  is  plentiful  and  transportation  fa- 
cilities are  the  best.  In  the  plan  and  design  of  the  mill  itself,  there 
is  no  longer  the  necessity  of  arranging  buildings  and  machinery  to 
be  operated  from  great  belts  and  long  shafting  taking  power  from 
a  single  source;  but  individual  motors  in  each  department,  or  on 
each  machine  or  loom,  enable  the  whole  plant  to  be  laid  out  so 
as  to  give  economy  in  construction,  convenience  in  handling  ma- 
terials, and  ensure  the  safety  and  health  of  employees,  thus  se- 
curing a  freedom  and  an  excellence  which  is  impossible  without 
electricity. 

The  oppressive  heat  of  the  summer  months  in  the  South  can 
be  made  tolerable  by  cooling  devices  and  fans  operated  by  elec- 
tricity, and  electric  heaters,  which  are  always  ready  for  instantane- 
ous service,  can  be  used  during  the  short  intervals  in  the  winter 
when  artificial  heat  is  necessary  for  comfort  or  health. 

Conservation  of  Coal  Resources — Furthermore,  the  use  of 
electricity  will  conserve  the  coal  deposits  of  the  world  for  those 
industrial  processes  in  the  performance  of  which  it  may  always 
be  an  indispensable  element.  To  illustrate  what  a  conservator  of 
the  coal  resources  of  the  country  water  power  may  prove,  I  will 
only  mention  that  to  produce  for  ten  hours  each  day  from  coal 
the  five  million  horse-power  which  may  be  developed  from  South- 
ern water-powers,  would  require,  with  the  most  efficient  kinds  of 
engines,  not  less  than  twenty-five  million  tons  of  coal  annually.  If 
there  were  no  water-power  available,  methods  would  be  adopted 
for  producing  power  and  conserving  heat,  which  would  effect  a 
saving  of  over  one-half  of  the  coal  now  consumed  in  the  world. 
Here  is  a  field  for  agitation  against  waste  of  our  natural  re- 
sources surpassing  all  others  in  importance, 

THE  SOUTH's  opportunity 

Now,  what  is  the  significance  to  the  South  of  these  facts? 
How  can  the  South,  which  has  almost  everything  before  it  in  the 
matter  of  industrial  affairs  requiring  the  aid  of  modern  achieve- 
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ment,  by  foresight  and  by  promptly  grasping  the  opportunities 
which  are  presented  to  it,  hasten  its  industrial  development,  in- 
crease its  wealth,  improve  the  health  of  its  people  and  increase 
their  happiness? 

Truly,  here  are  subjects  not  to  be  circumscribed  by  the  wisdom 
and  judgment  of  one  man,  but  calling  for  the  united  counsel  and 
effort  of  the  wisest  and  best  among  us — requiring  not  merely  the 
knowledge  of  the  scientist,  the  skill  of  the  engineer  and  the  wealth 
of  the  capitalist,  but  also  the  broad  view,  the  enlightened  experi- 
ence and  the  high  endeavor  of  our  greatest  statesmen. 

Present  Achievements  in  the  South — In  the  development  and 
utilization  of  the  energy  of  waterfalls,  the  South  has  already  taken 
a  leading  position,  and  the  industrial  benefits  thereof  are  so  widely 
and  favorably  known  that  no  argument  is  now  needed  to  justify 
the  work  already  done  or  to  point  out  the  great  and  lasting  bene- 
fits to  be  derived  from  its  extension. 

Any  address  on  electricity  in  the  South  would  be  incomplete 
without  an  expression  of  high  appreciation  of  the  work  of  the 
Southern  Power  Company,  begun  by  Dr.  Wylie  and  developed  to 
its  present  stage  by  the  Messrs.  Duke. 

A  Great  Electrical  System — This  is  the  largest  power  trans- 
mission system  in  the  South  and  is  among  the  most  extensive  and 
important  in  the  country.  It  is  not  a  simple  transmission  line  from 
a  single  power  house  to  a  single  mill  or  city,  but  an  extensive  sys- 
tem which  receives  power  from  many  power  plants  on  different 
streams  in  several  States.  Hence  low-water  or  high-water  on  one 
river,  which  might  temporarily  disable  certain  plants,  has  but  a 
slight  effect  on  the  whole  system. 

The  lines  of  the  Southern  Power  Company  extend  150  miles 
north  and  south  and  200  miles  east  and  west,  and  connect  into  a 
single  hydro-electric  power  system  plants  aggregating  100  000  horse- 
power. It  is  a  magnificent  demonstration  of  what  electricity  can 
do  to  conserve  and  utilize  water  power  in  developing  the  great  and 
growing  textile  and  other  industries  of  the  South.  The  Southern 
Power  Company  is  furnishing  light  to  forty-five  cities  and  towns 
and  supplying  current  to  six  street  railway  systems  and  to  hundreds 
of  motors  for  various  uses.  This  power  development  is  the  result 
of  intelligent  and  far-sighted  business  courage  and  confidence  in 
Southern  affairs,  which  have  inspired  and  actuated  the  men  who 
have  built  up  this  great  enterprise. 

I  am  informed  that  the  millions  already  invested  in  the  South- 
em  Power  Company  have  not  yet  yielded  even  a  moderate  net  in- 
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come  to  those  who  have  put  their  money  into  an  investment  which 
has  benefited  others  more  than  themselves  by  insuring  an  increase 
in  production  and  profit  to  its  patrons,  a  striking  evidence  of  the 
importance  of  a  generous  treatment  by  authorities  as  well  as  by 
those  who  derive  an  absolute  money  benefit. 

Liditsirics  Likely  to  be  Developed — The  industries  most  likely 
to  be  developed  and  to  increase  because  of  peculiar  suitability  to 
conditions  now  existing  in  the  vSouth  are : — Textile  mills,  fertilizer 
works,  cement  plants,  coal,  iron,  copper  and  gold  mining,  ore  re- 
duction plants,  iron  and  steel  mills,  agricultural  implement  works, 
canning  factories,  road  building,  furniture  manufacture,  lumber 
plants,  paper  mills,  shoe  and  leather  factories,  and  oil  refineries,  in 
all  of  which  industries  electric  power  increases  production. 

Electricity  in  Metallurgy — The  South  abounds  in  coal  and  iron 
as  well  as  other  metals,  which  can  Ije  cheaply  mined.  Owing  to 
the  presence  of  impurities  in  the  iron  ore,  especially  phosphorus, 
the  pig  irons  produced  in  the  South  have  not  been  considered  so 
suitable  for  steel  manufacture  as  those  made  from  the  purer  ores 
of  the  North.  The  electric  furnaces  for  refining  steel,  which  have 
been  recently  developed  and  quite  extensively  used,  will  make 
available  the  iron  resources  of  the  South  in  the  production  of  the 
high  grades  of  steel,  and  it  is  no  stretch  of  imagination  to  foresee 
that  the  South  will  become  a  large  producer  of  the  raw  material, 
and  through  the  cheapness  of  its  lalior  it  will  be  able  to  turn  these 
materials  into  finished  products.  At  the  same  time  the  slag  by- 
product of  blast  furnaces  will  remain  to  be  used  for  fertilizing 
purposes. 

Electrical  Production  of  Fertilisers — The  South  is  already  a 
large  user  of  fertilizers,  much  of  which  is  imported  and  the 
supply  of  which  is  limited  and  exhaustible,  nitrogen  forming  an 
important  part  of  the  fertilizers  which  are  commonly  used.  During 
the  past  few  years  great  attention  has  been  given  to  the  develop- 
ment of  means  for  the  electric  production  of  fertilizers  and  so 
much  has  already  been  accomplished  that  it  may  be  said  with  confi- 
dence that  the  fertilization  of  our  soil  within  the  near  future  will  be 
largely  dependent  upon  elcctricitw  ]\Iost  of  the  material  required, 
coal  and  limestone,  for  this  purpose,  is  found  in  the  South  in  un- 
limited quantities.  Were  the  soils  in  the  United  States  as  care- 
fullv  tilled  and  fertilized  as  in  many  densely  populated  countries, 
there  would  be  an  immense  increase  in  our  agricultural  products. 

Electricity  in  Cotton  Mills — A  brief  consideration  of  the  spe- 
cial advantages  already  derived  from  the  use  of  electric  power  in 
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the  cotton  industry  will  well  illustrate  the  benefits  to  be  gained 
from  the  general  extension  in  the  use  of  this  wonderful  force  to 
other  fields. 

The  output  of  cotton  mills  has  been  increased  and  the  quality 
of  goods  is  improved,  due  largely  to  the  uniform  speed  attained 
by  the  electric  drive  compared  with  power  conveyed  through  belts 
and  lines  of  shafting.  This  uniform  speed  has  resulted  in  an  in- 
creased production  with  an  increased  profit,  which  in  some  cases 
exceeds  the  cost  of  the  electric  power.  \\\\h  electric  drives,  re- 
cording meters  can  be  placed  in  the  circuits  which  supply  power, 
and  the  instantaneous  power  or  the  total  power  for  any  given 
time  can  thus  be  ascertained,  a  feature  of  great  value  to  the  man- 
agement in  determining  whether  separate  departments  of  the  mill 
are  starting  or  stopping  on  time  and  whether  the  full  load  is  kept 
on  the  machines  during  working  hours. 

With  electric  drives,  one  set  of  machines  or  a  part  of  a  mill 
can  be  independently  operated  when  it  is  not  advantageous  or  con- 
venient to  run  the  whole  mill.  W  hen  there  is  a  single  power  house 
with  mechanical  drive,  any  enlargement  must  be  conditioned  upon 
the  extension  of  shafting  or  belting;  but  with  electricity,  wires  can 
be  readily  run  to  any  point  in  the  old  buildings  or  to  new  buildings. 

In  the  territory  of  the  Southern  Power  Company,  it  was  at 
first  difficult  t()  induce  the  mill  managers  to  adopt  electric  power, 
and  it  took  three  years  o\  eft'ort  to  introduce  ten  thousand  horse- 
power ;  then,  however,  mill  managers  observed  the  advantages  of 
their  neighbors  who  used  electric  power,  with  the  result  that  at 
the  end  of  the  next  period  of  three  years  electric  power  had  in- 
creased to  more  than  65  000  horse-power,  while  now  there  is  a 
total  of  80  000  horse-power  of  electrical  machinery  installed. 

Of  the  300  or  more  cotton  mills  in  Xorth  Carolina,  about  25 
percent  are  now  wholly  driven  electrically.  Although  there  has 
been  a  great  increase  in  the  number  of  cotton  mills  in  the  South 
in  recent  years,  the  mills  have  been  devoted  to  the  production  of 
the  cheaper  grades  of  cloth;  but  it  is  predicted  that  the  future 
growth  will  not  be  merely  in  the  number  of  mills,  but  will  be  in 
the  production  of  the  finer  grades  of  cotton  fabrics. 

/;/  Transportation — I  have  briefly  sketched  the  fundamental 
place  which  electric  power  distribution  is  taking  in  industrial  ac- 
tivities, and  I  have  briefly  referred  to  what  one  electric  power 
transmission  company  is  accomplishing  in  pushing  the  textile  in- 
dustry in  which  the  South  takes  just  pride.     Time  does  not  permit 
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me  to  catalogue  all  the  possibilities  of  electricity  in  the  develop- 
ment of  this  great  country.  The  South  has  mineral  resources  to 
be  developed — electricity  is  the  established  method  for  mining  op- 
erations. The  main  railway  lines  of  the  South  run  north  and 
south — electricity  enables  trolley  lines  to  be  run  east  and  west  to 
serve  as  feeders  for  the  trunk  lines,  and  when  electricity  is  used 
for  the  operation  of  your  railways,  as  it  will  certainly  be  some 
day,  there  will  follow  a  more  intimate  relationship  between  pro- 
ducers and  carriers  than  might  otherwise  exist. 

LOOKING   FORWARD 

Having  been  asked  to  speak  upon  the  subject  of  electricity  in 
the  development  of  the  South  because  of  my  connection  with  the 
electrical  industries  of  the  country,  it  seems  to  me  I  cannot  fulfill 
the  expectations  of  those  who  have  planned  this  Congress  by  lim- 
iting my  observations  to  matters  with  which  you  are  more  or  less 
familiar  from  personal  experience  or  from  articles  in  your  daily 
papers  and  in  magazines ;  I  should  also  ask  you  to  look  forward  to 
what  we  may  expect  in  the  years  to  come. 

Electricity  in  Agriculture  and  Horticulture — In  1906-7  some 
experiments  were  made  in  England  with  the  cooperation  of  Sir 
Oliver  Lodge,  the  eminent  English  scientist,  in  the  stimulation  of 
plant  growth  by  electricity.  It  has  been  frequently  observed  that 
plant  growth  is  stimulated  by  electric  light,  and  numerous  experi- 
ments have  been  made  having  for  their  object  the  stimulation  of 
the  soil  by  the  application  of  electric  current.  The  experiments 
reported  by  Sir  Oliver  Lodge  in  a  privately  printed  brochure  on 
Electricity  in  Agriculture  are  briefly  as  follows : — 

Two  tracts  of  land  about  twenty  acres  each  were  similarly 
sown  or  planted.  On  half  of  this  land  poles  with  insulators  were 
erected  to  support  the  electric  wires,  only  one  pole  per  acre  being 
required  for  the  purpose.  The  electricity  required  was  produced 
by  a  small  dynamo  driven  by  a  two  horse-power  oil  engine  and 
was  transformed  to  a  tension  of  about  100  000  volts  of  very  high 
frequency.  The  experiments,  which  extended  over  several  years, 
give  remarkable  results,  an  increase  of  from  30  to  40  percent  be- 
ing secured  in  wheat  crops  grown  on  the  electrified  plot  as  com- 
pared with  the  crop  produced  on  the  unelectrified  plot.  Moreover, 
the  electrified  wheat  was  of  a  better  milling  and  baking  quality 
and  sold  at  a  considerably  higher  price  than  that  grown  on  the 
unelectrified   plot.      Similar    experiments    with    strawberries,    man- 
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golds,  tomatoes,  cucumbers,  beets  and  carrots  showed  equally  re- 
markable results.  One-year  strawberry  plants  showed  in  one  in- 
stance 80  percent  increase  and  more  runners  produced,  while  with 
five-year  plants  the  increase  was  36  percent. 

In  writing  to  me  on  this  subject  in  response  to  my  request, 
in  order  that  I  might  make  a  reference  to  it  in  this  address.  Sir 
Oliver  Lodge  suggested  that  the  results  attained  in  the  experiments 
referred  to  and  in  others  would  justify  an  elaborate  series  of  experi- 
ments. These  experiments  could  be  usefully  undertaken  at  the 
stations  under  the  control  of  the  Agricultural  Department. 

An  explanation  given  for  the  excitation  of  vegetation  by  these 
high  tension  currents  is  that  high  frequency  electrical  discharges 
favorably  affect  the  deposit  of  the  nitrogen  in  the  atmosphere 
into  the  soil,  upon  which  deposit  vegetation  so  largely  subsists. 

Whatever  prevents  disease  and  ensures  health  contributes  not 
only  to  man's  happiness,  but  also  to  his  efficiency,  and  it  appears 
that  the  electric  current  is  to  play  a  very  important  part  in  this  field. 

Mercury  Vapor  Lamps — Ultra-Violet  Rays — The  outcome  of 
the  efforts  of  one  who  specializes  in  any  particular  kind  of  ap- 
paratus is  often  interesting.  The  development,  by  Doctor  Peter 
Cooper  Hewitt,  of  the  mercury  vapor  lamp,  has  provided  a  light 
which  is  the  least  fatiguing  to  the  human  eye  of  all  artificial  lights, 
and  experimentation  with  this  lamp  has  led  to  the  development  of 
several  other  uses  of  the  mercury  vapor  arc,  one  of  which  is  the 
production  in  quartz  tubes  of  ultra-violet  rays,  the  effects  of  which 
are  likely  to  be  of  the  very  highest  importance  in  our  daily  lives. 
While  these  ultra-violet  rays  are  emitted  in  the  quartz  tubes,  they 
are  effectively  neutralized  by  the  glass  tubes  which  contain  the 
mercury  vapor  used  in  lighting. 

Sterilizing  Water  and  Milk — One  of  the  important  uses  to 
which  these  ultra-violet  rays  have  already  been  put  has  been  to  ab- 
solutely sterilize  water,  however  much  it  may  have  been  contami- 
nated by  bacteria.  Experiments  have  also  shown  that  the 
ultra-violet  rays  will  sterilize  milk  without  the  application  of  heat 
in  such  a  manner  that  it  can  be  kept  in  properly  sterilized  vessels 
for  long  periods  without  deterioration  or  loss  of  its  food  values. 

With  the  grow^th  of  population,  the  pollution  of  rivers,  and 
the  contamination  of  the  water  supply  upon  which  our  population 
must  rely,  and  the  difficulty  of  determining  whether  the  water  and 
milk  we  use  are  free  from  noxious  bacteria,  this  safe  and  thorough 
method  of  sterilization  becomes  of  inestimable  value.    The  elaborate 
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experiments  and  demonstrations  whicli  have  already  been  made  at 
the  Sorbonne,  in  Paris,  and  at  tlie  City  Water  Work  of  Marseilles, 
France,  have  not  only  proved  the  feasibility  of  this  method  of 
sterilization,  but  have  brought  out  the  fact  that  a  15000  kilowatt 
generator  of  electrical  energy  could  sterilized,  by  means  of  mer- 
cury vapor  quartz  lamps,  as  much  water  as  is  actually  used  foi 
drinking  and  cooking  in  the  United  States. 

The  simplicity  of  the  apparatus  for  sterilizing  water  is  such 
that  there  is  no  doubt  but  that  it  can  be  advantageously  installed 
in  factories  and  other  places,  and  even  in  dwellings,  adjacent  to 
the  point  or  points  where  the  water  is  to  be  used,  thus  avoiding 
any  possible  contamination  between  the  point  of  supply  and  point 
of  use. 

The  electric  energy  required  for  the  operation  of  a  quartz 
mercury  vapor  lamp  used  for  the  daily  sterilization  of  85  000  gal- 
lons of  water  is  about  equal  to  that  required  for  half  a  dozen  or- 
dinary incandescent  lamps. 

Ageing  of  Wine — Not  only  have  water  and  milk  been  steril- 
ized, but  in  other  experiments,  also  carried  on  at  the  Sorbonne,  it 
was  found  that  new  wine  was  affected  in  a  manner  to  give  it  the 
qualities  normally  attained  in  years,  or  an  age  of  apparently  many 
years  was  given  by  a  few  second's  application  of  the  ultra-violet 
rays. 

These  experiments  and  investigations  suggest  that  uses  for 
the  ultra-violet  rays  will  be  found  which  have  not  yet  been  con- 
ceived. 

Supplanting  Costly  Apparatus — An  im])ortant  use  of  the  mer- 
cury vapor  apparatus  has  been  to  transform  or  rectify  alter- 
nating currents  into  continuous  currents,  and  some  recent  experi- 
ments indicate  that  this  can  be  done  on  a  large  scale  with  a  con- 
siderable saving  of  electrical  energy.  These  promising  results  fore- 
shadow the  disappearance  of  the  costly  rotating  apparatus  which 
is  now  used  for  that  purpose  in  the  operation  of  railways  and  for 
purposes  where  the  use  of  a  continuous  current  is  advantageous. 

Hertzian  JEares — The  transmission  of  electrical  energy 
through  the  atmosphere  without  wires  has,  in  a  very  few  years, 
so  far  advanced  that  wireless  telegraphy  is  now  an  important  fea- 
ture of  our  daily  life.  We  read  of  instances  where  wireless  mes- 
sages have  been  received  at  a  distance  of  over  three  thousand 
miles  from  the  point  at  which  they  were  sent,  and  it  is  said  that 
we  shall  shortly  have  regular  wireless  communication  between 
Paris  and  New  York. 
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Portable  Wireless  Telephones — Not  only  has  it  been  pos- 
sible to  communicate  by  wireless  in  the  Morse  code,  but  it  has  been 
found  that,  with  suitable  apparatus,  telephone  conversations  can  be 
carried  on  over  considerable  distances,  and  it  is  expected  that  by 
improvement  in  the  apparatus,  conversations  can  be  carried  on  over 
very  considerable  distances.  Investigations,  of  which  there  is  al- 
most daily  mention  in  the  public  press,  indicate  such  great  simpli- 
fication in  wireless  telephone  apparatus  that  we  may,  within  the 
quite  near  future,  have  placed  at  our  disposal  a  simple  portable  ap- 
paratus which  will  permit  wireless  conversation  to  be  carried  on 
over  a  considerable  area.  This  will  prove  of  great  value  in  sparsely 
settled  districts. 

Possibilities  of  Hertzian  Waves — It  may  interest  vou  to 
know  that  the  frequency  of  the  electrical  waves  sent  out  by  some 
forms  of  wireless  transmitters  a])proaches  a  million  per  second, 
and  that  by  either  an  increase  in  the  amplitude  of  these  vibrations 
or  by  a  more  sensitive  receiver,  the  distance  over  which  these  waves 
(which  undoubtedly  extend  to  an  inhnite  distance)  may  be  record- 
ed, can  be  greatly  increased. 

In  an  experiment  made  by  Doctor  Peter  Cooper  Hewitt  with 
powerful  wireless  transmission  apparatus,  including  a  mercury 
vapor  interrui)ter.  it  was  found  that  the  ettect  of  the  high-frequen- 
cy discharge  u])on  the  iron  in  the  building  occupied,  such  as  water 
and  heater  pipes,  ciuickly  produced  incipient  tires  within  the  room 
where  the  ajiparatus  was  erected,  thus  demonstrating  the  wonder- 
ful power  of  this  incomprehensible  force  and  suggesting  great  pos- 
sibilities in  the  transmission  of  electrical  energy  without  wires. 

The  transmission  of  electric  energy  without  wires  which  will 
be  especially  valuable  for  signalling  purposes  and  for  the  control  of 
machinery  at  a  distance,  will  undoubtedly  play  a  UKJSt  important 
part  in  army  and  navy  operations. 

Lord  Kelvin  on  Radinin — We  are  hearing  and  learning 
more  and  more  in  regard  to  the  power  of  radium,  and 
predictions  have  been  made  that  it  will  some  day  furnish  power 
in  great  quantities.  This  I  very  much  doubt.  The  popular  belief 
is  that  radium  constantly  produces  heat  and  light  without  an  ap- 
preciable loss  in  its  weight,  and  that  it  will  continuously  produce 
heat.  Lord  Kelvin,  whom  I  had  the  honor  of  knowing,  was  great- 
ly interested  in  the  discovery  of  radium  by  Madame  Curie.  In  one 
of  the  last  conversations  I  had  with  him,  I  ventured  to  give  a  con- 
ception of  the  cause  of  the  "production"   of  heat  by  radium,  my 
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idea  being  that  radium  acts  as  a  transformer  of  one  of  the  forces 
of  ether  into  some  other  form  of  force,  and  that  in  such  transfor- 
mation heat  is  produced.  Lord  Kelvin,  who  had  studied  the  sub- 
ject, said  that  he  had  already  arrived  at  the  same  conclusion  on  the 
general  hypothesis  that  neither  heat  nor  light  can  be  produced  with- 
out energy.  I  refer  to  this  because  of  the  indication  that  there 
exists  a  form  of  energy  of  which  we  have  as  yet  no  knowledge, 
but  which  may  yet  become  available  to  us  as  a  result  of  further 
discoveries. 

COOPERATION   SHOULD    BE    COMPULSORY 

The  advantages  of  cooperation  in  the  matter  of  the  develop- 
ment and  supply  of  electricity,  having  regard  to  a  lessening  of  the 
cost  and  insuring  the  certainty  of  supply,  cannot  be  overestimated, 
and  those  already  secured  by  operations  on  a  large  scale  are  well 
known.  Further  cooperation  in  this  great  work  for  the  benefit  of 
the  pubHc,  if  not  voluntary  in  the  future,  should,  in  my  opinion, 
be  an  enforced  one,  notwithstanding  the  outcry  which  has  been 
raised  by  the  ill-informed  with  reference  to  an  imaginary  monopo- 
lization of  the  water-power  of  the  nation.  Encouragement  should 
be  given  to  the  investment  of  capital  in  the  development  of  these 
enterprises  under  such  wise  and  reasonable  regulation  as  will  insure 
economy  in  the  construction  and  operation  of  plants,  adequate  re- 
turns to  the  capital  invested,  and  at  the  same  time  protect  the  con- 
sumer against  exorbitant  rates  and  charges  or  unfair  discrimination. 

In  the  larger  industrial  developments  which  I  foresee  for  the 
South  there  are  other  important  factors  which  equal  in  importance 
the  development  of  the  water-power  resources  upon  which  I  have 
dwelt.  I  have  particularly  in  mind  those  existing  restrictions  which 
make  it  difficult  and  expensive  for  a  small  corporation  to  carry  on 
conveniently  and  in  a  simple  manner  its  business  with  ramifica- 
tions in  several  States,  which  restrictions,  however,  the  great  cor- 
porations of  the  country  can  easily  surmount  by  reason  of  their 
financial  ability  to  organize  separate  subsidiary  companies  in  those 
States  where  such  an  expedient  is  rendered  necessary  to  meet  legis- 
lative requirements. 

FEDERAL  INCORPORATION 

I  have  long  held  that  a  Federal  Incorporation  Act,  which  the 
President  advocates,  under  which  all  companies  doing  an  inter- 
state business  could  organize,  would  be  a  solution  of  the  difficulties 
which  are  now  almost  insurmountable,  and  which  are  being  added 
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to  in  an  alarming  manner  in  the  endeavor  of  the  legislatures  of 
the  several  States  to  curb  a  few  of  the  tens  of  thousands  of  com- 
panies and  firms  doing  an  interstate  business. 

Protection  of  Minority  Oivners — After  having  read  and  care- 
fully studied  the  bill  providing  for  Federal  incorporation,  which  was 
introduced  in  the  long  session  of  the  present  Congress,  I  am  con- 
strained to  say  I  would  prefer  to  see  a  Federal  law  in  terms  more 
easily  comprehended  by  business  men  and  devoid  of  those  provisions 
which  would  give  to  a  privileged  few  a  practical  control  of  a  cor- 
poration by  expedients  which  have  been  skilfully  developed  and 
which  are  now  looked  upon  as  a  matter  of  course. 

I  liave  in  mind  particularly  the  depriving  of  minority  owners 
of  possible  representation  by  the  formation  of  voting  trusts  and 
the  election  of  directors  in  classes,  methods  which  can,  and  often 
do,  defeat  the  purposes  of  laws  which  have  provided  for  cumula- 
tive voting,  whereby  a  substantial  minority  can  insure  the  election 
of  at  least  one  member  of  a  board  of  directors. 

Directors  Should  Be  Large  Shareholders  and  Elected  Annually 
— In  my  judgment,  each  director  of  a  corporation  should  be  re- 
quired actually  to  own  a  substantial  interest  in  the  shares  of  the 
company,  the  affairs  of  which  he  aids  to  control,  and  the  term  of 
office  be  only  from  year  to  year.  To  make  my  meaning  clearer,  I 
will  illustrate  by  supposing  that  a  company  had,  by  appropriate 
by-laws,  established  a  board  of  five  directors,  only  one  of  whom 
could  be  elected  each  year.  Obviously,  the  provision  of  the  law 
for  cumulative  voting  would  have  no  meaning  in  the  government 
of  the  affairs  of  such  a  company. 

It  may  be  unorthodox  to  say  this,  but  it  is  my  conviction  that 
the  conduct  of  a  business  without  profit  is  disadvantageous  to  the 
community  at  large  because  of  its  demoralizing  effect  on  the  indus- 
try and  its  influence  upon  others.  A  Federal  Incorporation  Act 
should  provide  for  a  statement,  on  prescribed  forms,  of  the  assets 
and  Habilities  of  each  corporation  taking  advantage  of  its  provisions. 
This  statement  should  be  available  to  all  who  are  asked  to  extend 
credit  to  the  corporation.  The  disadvantage  to  a  company  of  doing 
business  at  a  loss  under  such  conditions  need  not  be  enlarged  upon. 

Each  of  the  great  corporations  of  to-day  had  its  origin  in  a 
business  established  by  an  individual  or  small  company  based  upon 
the  skill  and  efforts  of  one  or  more  individuals.  The  development 
of  the  South  must  be  more  or  less  rapid  according  as  the  work  of 
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such  men  is  appreciated  and  encouraged,  especially  during  the  period 
of  strenuous  effort  necessary  to  the  huilding  up  of  large  and  pros- 
perous industries  from  small  beginnings. 

THE  TRAIXIXC   OF   YOUNG   MEN 

In  conclusion,  I  urge  the  young  men  of  the  South  to  make 
themselves  familiar  with  industrial  aft'airs  by  learning  to  be  pro- 
ficient in  the  use  of  their  hands  as  well  as  in  the  use  of  their  heads. 
My  early  greatest  capital  was  the  experience  and  skill  acquired 
from  the  opportunity  given  me  when  I  was  young  to  work  with  all 
kinds  of  machinery,  coupled  later  with  lessons  in  that  discipline  to 
which  a  soldier  is  required  to  submit,  and  the  acquirement  of  a 
spirit  of  readiness  to  carry  out  the  instructions  of  superiors.  Presi- 
dent Taft's  statement  that  the  introduction  of  mihtary  discipline  in 
the  schools  and  colleges  of  the  land,  in  the  advantages  of  which  all 
would  participate,  would  be  of  greater  benefit  to  our  country  than 
the  high  development  of  athletics  by  a  few,  is  worthy  of  most 
serious  attention.  The  present  preeminence  of  Germany  in  indus- 
trial matters  arises  very  largely  from  the  military  training  and  dis- 
cipline to  which  each  of  her  citizens  must  submit. 


THE  SOUTHERN  POWER  COMPANY'S  SYSTEM 

L.  A.  MAGRAW 

GO\'ERXOR  JOHN  BRAYTOX.  in  1802,  published  a  small 
volume  entitled  "A  A'iew  of  South  Carolina  as  Regards 
Her  Xatural  and  Civil  Concerns,"  in  which  he  described 
"The  Great  Falls  of  Chester"  on  the  Catawba  River,  stating  that 
for  quantity  of  water  and  grandeur  of  appearance  they  are  without 
doubt  the  most  interesting  in  the  State.  ''From  a  width  of  one 
hundred  and  eighty  yards  the  channel  of  the  river  narrows  to  sixty 
yards.  In  a  distance  of  two  and  one-half  miles  the  water  leaps 
twenty  falls  and  is  precipitated  a  total  height  of  one  hundred  and 
fifty  feet." 

At   the   time   of   that   writing,   however,   the   power   developed 
from  the  harnessing  of  energy  in  this  form  had  no  market  and.  as 


the  river  was  navigable  both  above  and  below  the  falls,  the  State 
naturally  wished  for  commercial  reasons  that  the  falls  were  not 
there,  so  in  1824  the  construction  of  a  canal  was  begun,  which 
was  completed  in  the  early  thirties  at  a  cost  to  the  State  of  $300  000. 
It  was  hoped  that  by  enabling  boats  to  pass  the  falls,  navigation  of 
the  river  would  be  opened  to  the  foot  of  the  Allegheny  Mountains. 
Only  two  boats  ever  passed  through  this  canal,  and  to-day  the  walls 
and  locks  of  cut  stone,  after  eighty  years  of  weathering,  have 
changed  little  in  appearance.  The  skill  with  which  the  stone  was 
cut,  especially  at  the  spillways  and  locks,  is  worthy  of  special  note. 
Local  tradition  is  that  Great  Falls  came  within  one  vote  of  be- 
ing the  military  academy  of  the  United  States.     Those  so  inclined 
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may  speculate  as  to  the  efifect  on  our  history,  if  a  great  miHtary 
academy  with  all  the  attendant  patronage  and  influence  had  been 
established  on  the  banks  of  the  Catawba  like  that  on  the  Hudson. 
As  early  as  1732,  a  trading  post  was  maintained  at  Mountain 
Island  by  the  British  Government  and,  previous  to  1803,  the 
United  States  Government  ordered  that  a  permanent  arsenal  and 
magazine  be  established  here  for  the  States  of  North  and  South 
Carolina  and  Georgia.  In  1803  Eli  Whitney,  assisted  by  Col.  Seul, 
chose  a  site  on  Mountain  Island,  and  during  the  years  of  1803  and 
1804,  an  armory,  arsenal,  ofificers'  quarters  and  barracks  were  erect- 


GREAT    FALLS     POWER    HOUSE 

ed   here   and   called    Fort   Dearborn.     The  fort  was  abandoned  in 
1817  and  the  troops  were  withdrawn.  ^.i''  '«.p 

DEVELOPMENT  OF  POWER 

Benson  J.  Lossing,  writing  in  1859,  says  of  Great  Falls,  "At 
this  place,  in  the  midst  of  fine  cotton-growing  country,  almost  in- 
exhaustible water  power  invites  capital  and  enterprise  to  seek  good 
investment  and  confer  substantial  benefit  upon  the  State."  To-day 
we  find  the  surrounding  Piedmont  district  in  an  active  stage  of  de- 
velopment through  the  utilization  of  its  natural  resources.  The 
generation  of  hydro-electric  power  has  increased  in  some  eight 
years  from  a  single  station  of  6  600  kilowatts  capacity  to  an  immense 
system  of  interconnected  stations  having  a  present  aggregate  capaci- 
ty of  100  000  kilowatts,  from  which  radiate  high-tension  transmis- 
sion lines  the  longest  of  which  is  over  200  miles,  forming  a  network 
of  over  I  300  miles  of  line.  Yet  it  is  estimated  that  but  10  percent 
of  the  water  power  available  in  this  territory  is  utilized  by  the  hydro- 
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electric  development  thus  far  completed.  Thus,  the  future  of  the 
Southern  Power  Company  which  is  responsible  for  the  work  already 
done  and  which  holds  the  power  rights  for  subsequent  development 
is  evidently  most  promising. 


CATAWBA  GENERATING  STATION 


In  the  Spring  of  1904  the  Catawba  Power  Company  completed 
a  hydro-electric  plant  at  India  Hook  Shoals,  near  Rockhill,  South 
Carolina,  and  thirty-three  miles  from  Great  Falls  on  the  Catawba 
River.     This  plant  consists  of  four  750  and  four  900  kw,  60  cycle, 
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CROSS    SECTION    THROUGH    BULKHEAD    AND    POWER    HOUSE,    GREAT    FALLS    STATION 

Showing  racks,  gates,  intake  and  tunnel   for  inner   turbine  bearing 

HOGG  volt  generators,  driven  by  means  of  ropes  from  the  water 
turbines.  Power  is  transmitted  over  11  ggo  volt  lines,  the  total 
length  of  which  at  the  present  time  is  sixty-five  miles.  A  switching 
station  was  later  added  to  this  installation,  containing  three  2  ggo 
kw,  11OGG/5GOGO  volt  transformers  to  tie  into  the  50000  volt 
system.  The  purpose  of  this  station  was  to  supply  power  to  the 
cotton  mills  in  the  immediate  vicinity  of  Rock  Hill,  South  Carolina, 
but  it  was  only  after  the  hardest  kind  of  pioneer  work,  without  the 
slightest  encouragement  from  the  mill  owners,  that  electricity  was 
introduced  as  a  means  of  driving  cotton  mills.  However,  by  the 
Spring  of  1905  the  demand  for  electric  power  had  so  grown  that 
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TRANSMISSION  LINE  AND  SUB-STATION  DATA 


100000    VOLTS 


GREAT    FALLS    TO    SALISBrRY 
Twin  tower  line,  95  miles,  2  circuits:  No. 
00    equivalent    aluminum    stranded    and    No. 

00  stranded  copper.     Salisbury  has  6  -  2  000 
kw,   and   3  -  1  000   kw   transformers. 

Taps:  Lancaster,  13  miles  out,  3  -  1  000 
kw   transformers;   Monroe,    37   miles   out,    3  - 

1  000   kw  transformers;   Albemarle,   70  miles 
out,    3  -  1  000    kw   transformers. 

SALISBURY    TO    GREENSBORO 
Twin    tower    line,     4  9    miles,     2    circuits: 
No.    00    equiv.    al.   strnd.    and    No.    00    strnd. 
copper.         Greensboro      has      3-1  000      kw 
transformers. 

Taps:  Lexington,  16  miles  out,  3  -  1  000 
l^w  transformers;  Thomasville,  27  miles  out, 
3  -  1  000  kw  transformers;  High  I'oint,  33 
miles    out,    3  -  1  000    kw   transformers;    AVin- 


ston-Salem,  from  jimction  to  main  line,  pole 
line,  18  miles,  1  circuit:  No.  2  equiv.  strnd. 
al.:  3-1.50  kw,  3-200  kw,  3-500  kw, 
and    3  -  1  000    kw   transformers. 

GREAT  PALLS   TO   GREENAILLE 

Twin  tower  line.  96  miles,  2  circuits: 
No.  00  copper  strnd.  and  No.  00  equiv.  al. 
strnd.  Greenville  has  3  -  3  000  kw  trans- 
formers. 

Taps:      Chester,    21    miles    out,    3  -  1  000 
kw     transformers;     Spartanburg,      66     miles 
out,    3  -  2  000    kw    transformers;    Greer,    84 
miles   out,    3  -  1  000    kw   transformers. 
GREENVILLE  TO  EASLEY 

Twin  tower  line,  12  miles,  1  circuit: 
No.  00  equiv.  al.  strnd.  Easley  has  3  -  1  000 
kw    transformers. 


50  000  VOLTS 


ROCKY   CREEK    TO   GREAT   FALLS 
Twin    tower    and    poles    lines,    3    miles,    3 
circuits:    two  on   twin   tower,   each   No.    0000 
equivalent    jlnniininn    -ti  .iii.lr.I ;    ,,\\r    on    jjole. 
No.     00     (M|iii\.ilri,,     alniiiuMiin     ~lr,nwl.-.l. 

gi{i;at  iwi.ls    id  (  \  r\\\  w  \ 

Twin    tourr    an. I    iH.lr    In,.-,     :;:;    ii.iU-;.    :: 


Its: 


at   Catawba   s\\  itehiii-   Maii-ii    uiih    :; 

kw,    11  000/44  000    volt    in m    n  m-i 

CATAWBA     TO     (II  XKI.olTl 

City    steel    towers    thioimh    (  liail>i 
niainder   double    pole    line,    1ft    mil's, 
cuits:   each   No.    00   equiv.   al.   strnd. 
formers    in    Charlotte:    3  -  200,    3  -  3 
500,    3  -  7.50,   and   9  -  1  000   kw. 

CHAIil.OTTK    TO    CONCORD 

Pole  liii.-:,  -i-i  in, 
and  No.  l'  -"1  hi  1  "i 
1  000    kw    nan. I. mil, 


circuits:    No.    00 
Concord    has    6  - 


Pole   1 

and    No. 
tinues    ti 


Taps:      Kanapdli- 

3  -  1  000    kw;    Clim 

Concord,    3-200    k\ 

CAT.A.WHA 

Twin    tower    line 


SALISBURY 

,    2    circuits:    No.    00 
er.       This    line    con- 
-in    station. 
mil'  -;   from    Concord, 
in\,,    14    miles    from 


TO 


ASTONIA 

!2  miles,  2  circuits: 
No.  00  equiv.  strnd.  al.  and  No.  00  strnd. 
copper.  Gastonia  has  3-200  and  3  -  1  000 
kw    transformers. 

GASTONIA   TO    MOORESVILLE 

Pole  line,  35  miles,  1  circuit:  No.  2 
solid  copper.  Mooresville  has  3-500  kw 
transformers. 

Taps:  Lowell,  3  miles  out,  3-300  kw 
transformers;  Mayesworth,  4  miles  out,  3  - 
800  kw  transformers;  McAdensville,  5  miles 
out,  3-150  kw  transformers;  Belmont,  9  ' 
miles  out,  3  -  300  and  3-250  kw  trans- 
formers; Mt.  Holly,  11  miles  out,  3-200 
kw    transformers;    Davidson,     28    miles    out. 


MOORESVILLE    TO    STATESVILLE 
Pole    line,     17    miles,     1    circuit:     No.     4 
solid    copper.       Statesville     has    3  -  500     kw 
transformers. 

GASTONIA    TO   BESSEMER   CITY 
Pole   line,   7   miles,   1    circuit:   No.   2   solid 
ropiier.       iBessemer     City     has     3-300     kw 

r.l  ssmiKli   CITY  TO  KINGS  MOUNTAIN 

Toll'  line,  5  miles,  1  circuit:  No.  2  solid 
iM|)|i,  1-.  Kings  Mountain  has  3  -  1  000  kw 
transf(.niu'rs. 

liKSSEMER   CITY   TO   SHELBY 

I'olc  line,  16  miles,  1  circuit:  No.  4 
sulid  copper.  Shelby  has  3  -  300  kw  trans- 
formers. 

Tap:  Cherry ville,  9  miles  out,  3-300 
kw   transformers. 

NINETY-NINE    ISLANDS    TO    SHELBY 

Pole  line,  19  miles,  1  circuit:  No.  00 
e.piiv.    al.    strnd. 

NINETY-NINE   ISLANDS    TO    CLOVER 

Pole  line,  18  miles,  1  circuit:  No.  00 
t>()uiv.    al.    strnd. 

NINETY-NINE   ISLANDS    TO 
SPARTANBURG 

I'ole  line,  29  miles,  1  circuit:  No.  00 
equiv.   al.    strnd. 

GASTONIA  TO  LINCOLNTON 

Pole  line,  16  miles,  1  circuit:  No.  00 
strnd.  copper.  Lincolnton  has  3  -  500  kw 
transformers. 

Taps:      Dallas,    4    miles    out,    3-100    kw 
transformers;     High    Shoals,     11     miles    out, 
2-100     kw    transformers     connected     in    V. 
LINCOLNTON    TO    HICKORY 

Pole  line,  28  miles,  1  circuit:  No.  4  solid 
copper.  Hickory  has  3-500  kw  trans- 
formers. 

Taps:       Maiden,     8.5    miles    out,     3  -  300 
kw    transformers;    Newton,    15.5    miles    out, 
3-200    kw    transformers. 
SPURIBR    JUNCTION     TO     CHARLOTTE 

Pole  line,  9.5  miles,  1  circuit:  No.  00 
equiv.    al.    strnd. 


11000  VOLTS 


CATAWBA  TO   PINEVILLE 
Pole,    line,    8    miles,     1    circuit:     No.     2 
equivalent      aluminum      stranded.      Pinevilje 
has    3  -  37.5    and    3  -  125    kw    transformers. 
CATAWBA    TO    FT.    MILL 
Pole  line,   6  miles,  1  circuit:  No.   2  equiv. 
al.   strnd.     Ft.  Mill  has  3  -  100   and  4  -  100 
kw    transformers. 

CATAWBA   TO   CLOVER 
Pole    line,    23    miles,    1    circuit:    No.    00 


solid  copper.     Clover  has  3  -  125  and  3  -  200 
kw   transformers. 

Tap:      Yorkville,    15    miles    out,    3-100, 
3-125,    and    3-300    kw   transformers. 
CATAWBA   TO    ROCK   HILL 

?ole  line,  7  miles,  2  circuits:  each  No. 
1  solid  copper.  Rock  Hill  has  3-25,  4  - 
50,  3-100,  6-125,  6-150,  3-200,  3- 
250,    3  -  300,    and    3  -  500    kw    transformers. 
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the  Catawba  Power  Company  formed  a  larger  organization,  the 
Southern  Power  Company,  for  the  purpose  of  supplying  energy  to 
mills  within  commercial  transmitting  distance  of  certain  water 
powers  on  the  Catawba  and  Broad  Rivers,  which  could  be  developed 
within  a  reasonable  cost. 

GREAT  FALLS  GENERATING  STATION 

In  November,  1905,  the  construction  work  of  the  Great  Falls 
power  house  was  begun;  it  was  completed  March,  1907,  with  cur- 
rent on  the  lines  April  2nd.  The  hydraulic  layout  of  this  power 
house  is  worthy  of  special  note.    There  are  two  concrete  diverting 


INTERIOR    OF    GENERATOR    ROOM,    GREAT    FALLS    STATION 

dams  with  spillways  which  guide  the  water  into  the  canal.  The 
bulkhead  at  the  power  house  has  no  spillway ;  it  is  of  concrete 
650  feet  long  and  a  maximum  of  105  feet  high.  The  canal  leading 
to  the  forebay  is  a  natural  channel  between  Mountain  Island  and 
the  mainland.  The  main  bed  of  the  river  in  which  the  spillways 
are  located  is  on  the  other  side  of  the  island,  over  a  mile  distant 
from  the  power  house. 

The  power  house  contains  eight  5  200  horse-power,  horizontal 
twin  turbines  operating  under  a    yi  foot  head,  each    coupled  to  a 
3  000  kw,  60  cycle,  2  200  volt,  225  r.p.m.,  star-connected  generator, 
and  twelve  2  000  kw,  single-phase,  oil  insulated,  water  cooled  trans- 
formers, delta-connected  on  the  high  and  low  tension   sides,   and 
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arranged  in  four  banks,  with  a  normal  ratio  of  2  500  to  50  000 
volts.  There  are  two  400  kw,  250  volt  exciters  operating  at  450 
r.p.m.,  each  of  which  is  sufficient  to  provide  excitation  for  all  the 
generators  in  the  power  house.  Each  exciter  is  driven  by  its  own 
turbine.  The  power  house  has  been  described  in  detail  in  a  pre- 
vious issue,*  but  there  are  many  points  in  the  lay-out  of  the  ap- 
paratus and  the  station  which  deserve  particular  mention.  The 
generators  are  arranged  in  groups  of  two,  so  that  together  they 
can  feed  one  bank  of  transformers  operating  at  full  load,  but  the 
switching  arrangements  are  so  flexible  that  any  bank  of  transform- 
ers can  be  fed  from  any  generator  through  the  bus  sectionalizing 
switches,  and  on  the  high-tension  side,  similar  switches  make  it 
possible  to  feed  any  outgoing  line  from  any  transformer  bank.  In 
short,  the  power  house  is  divided  into  four  parts  of  equal  capacity, 

each  complete  in  itself 
■ — if  the  exciters  be  ex- 
cepted— but  so  arranged 
that  any  required  com- 
bination of  generators, 
transformers  and  feed- 
ers can  be  effected. 

The  exciters  can  be 
connected  to  either  of  a 
double  set  of  bus-bars. 
The  generator  field 
switches  are  so  design- 
ed that  the  fields  can 
be  changed  from  one  set  of  bus-bars  to  another  without  opening 
the  circuit.  Non-automatic  bus  junction  switches  divide  the  power 
house  on  both  the  high-tension  and  low-tension  sides  into  two 
halves,  and  one  generator  in  each  half  has  its  neutral  grounded 
through  a  resistance  of  1.5  ohms  of  sufficient  capacity  to  carry  i  000 
amperes  for  one  minute.  This  lead  to  ground  passes  through  a 
non-automatic  oil  switch  equipped  with  a  relay  for  sounding  a  bell 
alarm  whenever  there  is  an  abnormal  current. 

Disconnecting  switches  are  used  in  connection  with  all  oil  cir- 
cuit breakers  and  oil  switches  so  that  they  can  be  cut  out  for  in- 
spection. All  control  apparatus  is  operated  from  the  250  volt  ex- 
citer bus-bars,  no  storage  battery  being  used.    There  is  no  so-called 


SWITCHBOARD,  PART  OF  INSTRUMENT   POSTS,   AND 
GENERATOR     CONTROL     PEDESTALS 

Great    Falls    Station. 


*See  the  article  by  Mr.  L.  T.  Peck  on  "The  Great  Falls  Power  Plant  of 
the  Southern  Power  Company"  in  the  Journal  for  Dec,  1907,  p.  666. 
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operating  gallery,  but  instead  a  raised  platform,  three  feet,  nine 
inches  above  the  floor  level  and  six  feet  wide,  extends  two-thirds  the 
length  of  the  generator  house,  describing  an  arc  at  its  center,  within 
which  are  located  all  instruments  and  the  switchboard  and  control 
pedestals  for  the  generators,  and  from  which  point  the  operator  has 
full  view  of  all  machinery. 

Four  wheels  are  equipped  with  governors  which  take  care  of 
variations  in  the  load ;  the  other  wheels  run  under  constant  load. 
Hydraulic  cylinders  for  operating  the  gates  are  being  installed  on 
the  wheels  without  governors  to  replace  hand  operation,  so  that  the 
man  at  the  switchboard  can  have  absolute  control  over  the  gates 
without  assistance  from  floor  operators.     The  wheel  cases  as  well 


THEORETICAL     WIRING     DIAGRAM,     GREAT     FALLS      STATION 

as  the  steel  feeder  pipes  are  enclosed  by  the  bulkhead  wall ;  the 
short  penstocks  thus  obtained  are  a  decided  advantage.  Xo  con- 
crete barriers  are  used  in  the  high-tension  room,  as  the  rule  that 
air  is  cheaper  than  concrete  has  been  followed,  and  the  necessity 
for  steel  fire  doors  has  been  reduced  to  a  minimum.  Simplicity 
characterizes  the  design  of  this  power  house,  but  that  nothing  has 
been  sacrificed  for  simplicity  is  demonstrated  by  over  three  years 
of  very  successful  operation. 

ROCKY   CREEK  GENERATING  STATION 

Three  miles  below  Great  Falls  is  Rocky  Creek  power  house, 
located  on  the  west  bank  of  the  river.     The  hydraulic  arrangements 
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here  are  simpler,  for  there  is  but  one  concrete  dam  extending  across 
the  river  with  a  length  of  i  000  feet  and  a  height  of  90  feet.  It 
is  of  the  spillway  type  and  holds  back  a  pondage  of  about  i  000 
acres.      The   work   on   this    development    began    immediately   after 


Fishing  Creek  Development 

(Projected)      Dam  No. 
(Diverting 


t  Rocky  Creek 
^  Power  House 
:^^c,'-'    *  Dam 


Tail  Race 
Great  Falls 

SKETCH    SHOWING   RELATIVE    POSITION    OF    GKEAT    FALLS,    ROCKY    CREEK, 
AND    PROJECTED   FISHING    CREEK    DEVELOPMENTS 

In  a  distance  of  sevenmiles  there  is  a  total  drop  of  175  feet. 
the  completion  of  the  Great  Falls  power  house  and  was  finished  in 
1909.  The  normal  head  here  is  68  feet.  The  power  house  is  an  ex- 
act duplicate  of  that  at  Great  Falls  with  the  exception  of  the  ar- 
rangement of  the  exciters.  Here  but  one  turbine  driven  exciter  is 
used,  and  in  line  with  it  is  a  600  hp,  60  cycle,  three-phase,  2  200 


LOW-TENSION    SWITCHES    AND    BUS-BAR    COMPARTMENTS 

Showing  one-half    of    this    equipment. 
volt,  450  r.p.m.  induction  motor,  coupled  to  a  second  exciter.     Be- 
tween the  motor  and  the  exciter  driven  by  the  water  wheel  is  a 
friction  clutch;  thus  the  motor  may  be  arranged  to  drive  either  ex- 
citer, or  the  water  wheel  can  run  the  two  units  with  the  induction 
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motor   dead  in  case  of  emergency.     Either  exciter  is,   of  course, 
large  enough  to  provide  excitation  for  all  of  the  alternating-current 


GREAT    FALLS     lOOOOO    VOLT    TIE-IN    SUB-STATION 

Tail  race  and  part  of  Great  Falls    power    house    in   background. 

generators.     The  entire  output  of  these  two  power  houses  is  trans- 
mitted at  52000  and  100  000  volts. 

Three  lines  leave  Rocky  Creek  power  house  each  of  which 
passes  through  oil  insulated,  self-cooled  choke  coils  and  is  protected 
by  electrolytic  lightning  arresters.     Two   of   these   lines   are   on  a 


WHEEL    CASING   AND   COUPLING   OF   5  200    HP    HORIZONTAL   TWIN    TURBINE 

Steel  twin  tower  and  are  of  No.  oooo  equivalent  aluminum  strand- 
ed cable,  while  the  third  line  is  on  wooden  poles  and  is  of  No.  oo 
equivalent  aluminum  stranded  cable. 
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Great  Falls  Tie-in  Siih-Station — During  the  latter  part  of  1907, 
in  the  face  of  increasing  demand  for  electric  power  in  places  so 
distant  that  economical  transmission  at  50000  volts  was  out  of 
the  question,  it  was  found  necessary  to  employ  a  higher  voltage 
of  transmission  and  100  000  volts  was  decided  upon.  As  the  50000 
volt  lines  were  already  well  loaded,  it  was  decided  to  build  a  100  000 
volt  tie-in  sub-station  at  Great  Falls  close  to  the  generating  station. 
This  building  was  completed  and  placed  in  service  December,  1909. 
It  is  of  red  pressed  brick  with  stone  trimmings;  the  roof  is  of  con- 
crete, tar  and  gravel.  This  station  is  located  on  the  west  side  of 
the  tail  race  of  the  generating  station.     It  contains  seven  4  000  kw. 


•  a<££K  STATION 

WIRING    DIAGRAM 


a>££K  STATION 


GREAT    FALLS    TIE-IN    SUB-STATION 

Four  circuits  now  leave  this  station, 
single-phase,  oil  insulated,  water  cooled  transformers  with  a  nor- 
nial  ratio  of  50  000  volts  low-tension  to  57  700  volts  high-tension, 
arranged  in  two  banks  with  one  spare  unit.  These  transformers 
are  connected  in  delta  on  the  low-tension  side  and  star  on  the  high- 
tension  side  and  have  been  operating  regularly  with  the  neutral 
grounded  through  a  resistance  of  112  ohms,  having  a  continuous 
carrying  capacity  of  130  amperes.  They  can  be  so  connected  as  to 
operate  at  a  maximum  of  115  000  volts.  There  are  house  bus-bars 
on  both  the  high  and  low-tension  sides.  The  low-tension  house 
bus-bars  are  separated  into  two  parts  by  sectionalizing  disconnecting 
switches,  and  on  the  high-tension  side  by  a  non-automatic  bus  junc- 
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tion  oil  switch.  Each  transformer  is  connected  to  its  bus-bars 
through  disconnecting  switches  on  both  high  and  low-tension  sides 
and  there  are  disconnecting  switches  on  both  sides  of  all  oil  circuit 
breakers  in  this  sub-station. 


r 
1 

1 

•       1                 1 

i 
1 

ROCKY    CREEK    STATIOX 

Spillway  on  tlic  right  and  two  1)anks  of  (.-lectrolytic  lightning  arrest- 
ers in  the   foregronnd. 

Tlie  transf(jrnier  tanks  are  equipped  witli  llangecl  wheels,  which 
rest  upon  steel  rails  placed  at  such  a  height  that  the  transformers 
can  be  nni  upon  a  truck,  also  mounted  on  rails.  These  rails  run 
the  entire  length  of  the  Ijuilding  at  one   end  of  which  there  is  a 


«-.i3l 


NINETY-NINE    ISLANDS     POWER 


lifting  tower  equipped  with  a  crane.  As  the  open  type  construc- 
tion is  used,  there  are  no  concrete  barriers  in  the  building,  and 
the  transformers  are  not  placed  in  concrete  compartments.  Outlet 
wall  bushings  are  used  for  the  looooo  volt  lines  and,  in  addition, 
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this  sub-station  is  built  with  long,  overhanging  eaves,  which  act  as 
hoods  above  the  outlets. 

The  wooden  pole  line  from  Rocky  Creek,  mentioned  above,  enters 
this  sub-station  through  an  oil  circuit  breaker,  while  one  of  the  cir- 
cuits on  the  twin  tower  line  from  Rocky  Creek  taps  into  the  Great 
Falls  generating  station  bus-bars  and  continues  on  into  the  sub-sta- 
tion through  an  oil  circuit  breaker.  Both  of  these  breakers,  as  well 
as  all  the  circuit  breakers  and  the  bus-junction  switch  on  the  high- 
tension  side  of  these  transformers,  are  electrically  operated  from 
the  switchboard  in  the  Great  Falls  generating  station.     The  third 


VIEW    IN     NINETV-NINE    ISLANDS     STATION    FROM    OPERATING    PLATFORM 

Control   pedestals   and   exciter   set   in   foreground.      Six   3000   kvv,    2200 
volt,   225   r.p.m.,   three-phase   generators   in  background. 

line  coming  from  Rocky  Creek  dead-ends  on  the  Great  Falls  gen- 
erating bus-bars ;  thus  it  can  be  seen  that  Rocky  Creek  can  take 
care  of  the  100000  volt  load  independent  of  the  Great  Falls  sta- 
tion. With  no  load  on  the  143  miles  of  line  leaving  the  100  000 
volt  sub-station,  a  charging  current  of  about  40  amperes  at  90  000 
volts  is  required,  equivalent  to  6  200  k.v.a.,  and  the  voltage  of  the 
unloaded  generators  was  found  to  increase  from  i  300  to  i  800 
volts  when  this  line  was  thrown  on. 

An  interesting  point  in  the  operation  of  these  two  power  plants 
is  that  when  water  is  not  flowing  over  the  spillways  of  the  Great 
Falls  plant,  the  only  water  that  will   reach  Rocky  Creek  forebay 
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must  pass  through  the  wheels  at  Great  Falls.  Hence,  to  utilize 
the  full  head  of  the  water  through  both  stations,  the  up-stream 
plant  is  so  operated  that  the  down-stream  plant  will  always  have 
sufficient  water. 

Four  circuits  leave  the  Great  Falls  loo  ooo  volt  tie-in  sub- 
station through  automatic  oil  circuit  breakers  and  are  carried  on 
two  twin-circuit  tower  lines.  Each  tower  carries  one  circuit  of 
No.  oo  stranded  copper  and  one  circuit  of  No.  oo  equivalent  alu- 
minum stranded.  Three  50  000  volt  circuits  leave  Great  Falls 
power  house  and  are  known  as  Great  Falls  Nos.  3,  4  and  5,  going 
direct  to  Catawba  switching  station.   Circuits  3  and  4  are  on  a  twin 


\ 
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THEORETICAL    WIRING    DIAGRAM    NINETY-NINE    ISLANDS    STATION 


tower  line  and  are  of  No.  000  stranded  copper  with  hemp  center. 
Circuit  5  is  carried  on  a  pole  line  and  is  of  No.  000  equivalent  alu- 
minum stranded.  These  circuits  pass  through  oil  insulated,  self- 
cooled  choke  coils  at  the  Great  Falls  end  and  two  of  them  are  con- 
nected to  aluminum  cell  lightning  arresters. 

NINETY-NINE  ISLANDS  GENERATING  STATION 

Work  on  a  development  on  the  Broad  River  at  Ninety-Nine 
Islands  was  commenced  early  in  1909.  This  station  was  placed  in 
operation  in  June,  1910,  with  a  nominal  capacity  of  18000  kw. 
The  general  arrangement  of  the  apparatus  is  the  same  as  in  the 
station  at  Rocky  Creek  just  described.  There  are  six  3000  kw,  60 
cycle,  three-phase,  2  200  volt,  star-connected  generators,  operating 
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at  225  r.p.m.,  and  nine  2  000  kw,  2  500/50  000  volt,  single-phase, 
oil  insulated,  water  cooled  transformers,  arranged  in  three  banks, 
delta-connected  on  both  high  and  low-tension  sides.  The  arrange- 
ment of  the  exciter  units  is,  however,  quite  different  from  that 
at  Rocky  Creek,  for  here  the  wheel  casing  is  not  in  the  bulkhead, 
but  is  set  out  on  the  floor  lengthwise  of  the  power  house  w'Wh.  the 
penstock  coming  through  the  bulkhead  wall  down  to  the  wheel 
casing.  The  arrangement  of  the  induction  motor  between  the  two 
exciter  units  is  the  same  as  at  Rocky  Creek.  This  motor  is  of 
400  hp  capacity  at  2  200  volts,  three-phase,  and  580  r.p.m.,  while 
each  of  the  exciters  is  of  250  kw  capacity  at  250  volts  and  580  r.p.m., 

and    is    capable    of    supplying 
[  exciting  current  for  all  of  the 

I  generators  in  the  power  house. 

I  The  Ninety-Nine  Islands 

(lam  is  of  concrete  and  is  of 
the  spillway  type,  i  600  feet 
UiUg.  90  feet  high,  and  holds 
l)ack  a  pondage  of  over  900 
acres.  The  operating  head  is 
yi  feet.  Three  lines  leave 
Ninety-Nine  Islands  power 
house,  each  of  which  is  car- 
ried on  wooden  ])oIes.  The 
lines  are  of  No.  00  equivalent 
iliiininum  stranded  cable  and 
'  Mcli  is  ])rotected  by  an  elec- 
irolytic  lightning  arrester. 

The  transformer  house  in 
this  station  adjoins  the  gen- 
erator house  at  the  end  of  the 
building  instead  of  in  the 
middle,  as  in  the  case  of  the  two  stations  previously  described. 
The  exciter  set  is  also  at  the  end  of  the  generator  house  in  front 
of  the  raised  platform  on  which  are  located  the  switchboard,  control 
pedestals  and  instrument  post. 

TRANSMISSION  LINES 

The  100  000  Volt  Lines  are  carried  on  twin  steel  towers;  one 
circuit  is  of  No.  00  stranded  copper  and  the  other  of  No.  00  equiva- 
lent aluminum  stranded.     Each  circuit  is  located  in  a  vertical  plane 


>rSPEXSION      TOWKR     CARRVIXC 
100  000    VOLT    CIRCUITS 
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on  either  side  of  the  tower.  The  height  of  the  lowest  conductor 
from  ground  at  the  tower  is  40  feet ;  of  the  middle  conductor,  48 
feet,  and  of  the  top  conductor,  56  feet.  The  height  of  the  top  of 
the  towei   where  the  ground  wire  is  located  is  65  feet.     The  hori- 


^ 


IS 


■Si'ENSION  IN- 
SULATOR FOR 
100  000  VOLTS 


zontal  distance  between  conductors  is   15   feet,  8 

I     I  inches.     Suspension  towers  are  capable  of  with- 

j^SM^^^  standing  the  breaking  of  two  conductors  with  nor- 

^^O^^  '"'^^  wind  strain  of  15  pounds  per  square  foot  of 

I      "  projected  conductor  and  30  pounds  per  square  foot 

^^^■^^^  of  tower  area  on  a  600  foot  span.     Strain  towers 

^^^^^S^         are  used  where  there  is  a  change  in  direction  of 

'**-i^  line  of   30  degrees  or  less,  and   for  every  tenth 

tower.     These  towers  are  capable  of  withstanding 

_  the  breaking  of  all  wires  in  addition  to  the  wind 

Jl  strain.     Two  strain  towers  are  used  for  a  change 

I  .  I  in  direction  of  over  30  degrees.    The  average  span 

^P^^^^         between  the  100  000  volt  towers  is  600  feet,  while 

^^^^         the  maximum  is  i  500  feet.     Extra  heavy  towers 

''^"       ""        are  used  on  spans  of  over  1000  feet,  and  for  a 

cliange  in  direction  through  large  angles. 

.Anchors  of  an  im]n-ovised  type,  having  a  foot 
made  of  12-inch  channel  iron  30  inches  long  buried 
six  feet  in  tlie  ground,  are  used  for  suspension 
towers ;  for  strain  towers  the  anchor  is  buried  eight  feet  in  the 
ground.  Xo  concrete  is  used  for  tower  foundations  except  when 
the  direction  of  the  line  changes  through  a  large  angle  or  where 
the  soil  is  very  soft. 

The  suspension  type  of  insulator  is  used  on  these  lines,  four 
in  series  on  suspen- 
sion towers,  and  five 
in  series  on  strain 
towers.  Cemented  to 
the  top  of  the  in- 
sulator is  a  cap  car- 
rying an  eye.  while  , 
a  hook  is  cemented  details  of  100  coo  volt  fraser  suspensiox  clamp 
into  what  normally  would  be  the  pin  hole  of  the  insulator. 
This  gives  a  very  simple  and  satisfactory  method  of  fasten- 
ing the  insulators  together.  The  top  shell  of  the  insulator 
has  a  diameter  of  14  inches,  while  the  inner  shell  has  a  diameter 
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of  seven  inches.  A  very  satisfactory  type  of  suspension  clamp 
was  developed  for  use  in  connection  with  these  insulators  to  hold 
the  line  wire.*  The  upper  part  of  this  clamp  has  a  hole  for  the 
insulator  hook  on  which  it  swings  freely.  The  lower  part  has  a 
groove  curved  to  properly  conform  to  the  slope  of  the  conductor. 
After  the  conductor  is  adjusted  so  that  the  insulator  hangs  vertical- 
ly, the  clamping  piece  is  placed  on  the  conductor  and  the  two  bolts 
are  tightened.  This  gives  a  wedging  action  which  holds  the  con- 
ductor as  tightly  as  desired. 

The  suspension  type  of  tower  demands  accurate  calculation  of 
sag  with  reference  to  the  location  of  the  towers,  for  they  must  be 
so  placed  that  when  the  conductor  is  pulled  to  its  proper  sag  it  will 
hang  as  low  as  the  clamp  in  the  coldest  weather  regardless  of  the 


TOWER    AND     POLE    LINES 

Right— looooo  volt  tower  line,  carrying  but  one  circuit  (other 
circuit  to  be  installed).  Strain  tower  in  foreground.  Center — 50000 
volt  twin  tower  line.  Strain  tower  in  foreground.  Lef t—so  000  volt 
pole  line. 

contour  of  the  ground.  Conductors  when  suspended  cannot  be  tied 
down,  as  is  often  done  on  pin  type  insulators.  The  suspension 
tower  normally  takes  only  wind  strain,  so  very  light  towers  can 
be  used,  provided  heavy  towers  are  used  at  points  where  severe 
strains  are  to  be  met.  All  of  the  transmission  lines  of  the  Southern 
Power  Company  are  equipped  with  overhead  ground  wire,  grounded 
at  each  pole  or  tower.  Three-eighth  inch  Siemens-Martin  galvanized 
stranded  steel  wire  is  used;  in  fact,  all  metal  parts,  towers,  pins, 
etc.,  exposed  to  weather  are  galvanized. 

The  30  000  J^olt  Lines  are  carried  on  two  different  types  of 
towers,  the  twin  tower  and  the  city  tower,  each  carrying  two  cir- 


*Developed  by  Mr.  J.  W.  Fraser,  assistant  chief  engineer  of  the  Southern 
Power  Company. 
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cuits.     Only  single  circuits  are  carried  on  wooden  pole  lines.     The 
twin  tower  is  used  a(iross  country  with  a  strain  tower  every  tenth 
support  and  at  tangents.     The  twin  tower  line  has  an  average  span 
of  500  feet  with  a  maximum  of  i  260  feet,  and  carries  two  over- 
head   ground     wires. 
The     city     tower     is 
used    where    the   line 
j  is     carried      through 

i  ,       .  thickly  populated  dis- 

tricts, with  an  aver- 
age span  of  350  feet 
and  carries  one  over- 
head ground  wire. 
Where  pole  lines  are 
used,  but  one  circuit 
is  carried  normally. 
Cedar  and  chestnut 
poles  are  used  with 
yellow  pine  cross- 
arms.  The  average 
span  is  150  feet, 
while  a  maximuin  of 
500  feet  is  obtained  by  the  aid  of  bracing  and  guying. 

The  50  000  volt  insulator  is  of  the  three  part  pin  type,  thirteen 
inches  high.     The  diameter  of  the  top  shell  is  twelve  inches;  that 


CITY     TOWERS 

The  towers  shown  in  illustration  at  the  left 
carry  three  circuits.     Shown  on  tangent  here. 


TABLE  I— TRANSMISSION   LINES    IN    OPERATION    ON 
ERN  POWER  COMPANY'S  SYSTEM 

SOUTH- 

Lines 

When           A7-^Uo„^ 
Built           ^°'^^se 

Gauge 

Miles                   1 

Single 

Double 

Total 

Wooden  Pole 
Wooden  Pole 
Wooden  Pole 
Steel  Tower 
Steel  Tower 
Steel  Tower 
Steel  Tower 

1904-5            1 1  000 
1906-9           50000 
1906-9           50000 
1906-9           50  000 
1909-10        100  000 
1910-            100  000 
1910-11         100  000 

2&00 
2&00 

00 
00  &  000 

00 

00 

40 

270 

■3 

12.5 

65 

55 

240 

65 
270 
130 
no 
480 

13 
240 

Total  of  All  Transmission  L 

ines 

I  30S 

of  the  intermediate  shell  ten  inches,  and  that  of  the  bottom  shell 
eight  inches.     A  very  strong  construction*  is  used  for  holding  this 


*Devised   by   Mr.   W.    S.    Lee,    chief   engineer   of   the    Southern    Power 
Company. 
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insulator  to  the  cross-arm.  The  threaded  pin  hole  of  the  insulator 
is  filled  with  wet  cement  and  a  cast  socket  is  threaded  into  it,  having 
a  tapped  hole  to  take  the  threaded  end  of  a  pin.  A  cast  thimble 
in  the  form  of  a  frustrum  of  a  cone  with  a  hole  in  the  top  face 
supports  the  socket  and  the  pin  is  pass- 
ed through  this  casting  and  screwed  in- 
to the  socket.  After  the  insulator, 
thimble  and  pin  are  placed  in  position 
on  a  cross-arm.  a  nut  on  the  lower  end 
of  the  pin  pulls  the  socket  against  the 
flat  surface  of  the  thimble,  brings  the 
latter  under  compression  and  makes  a 
very  rigid  fastening. 

SUn-STATIOXS 

By  reference  to  the  map  of  the 
transmission  system  it 
will  be  seen  that  Salis- 
bury is  the  northern- 
most point  of  the  loop 
composed  of  trunk 
lines.  On  one  side  of 
this  sub-station  are 
50000  volt  circuits  and  on  the  other  side 
100  000  volt  circuits.  In  order  to  feed  power 
both  ways  over  this  loop  as  occasion  may  de- 
mand, the  sub-station  is  tied  into  both  lines  by 
four  2  000  kw,  oil  insulated,  water  cooled,  and 
two  2  000  kw,  self-cooled  transformers,  ar- 
ranged in  two  banks,  delta-connected  on  the 
low-tension  side  and  star-connected  on  the 
high-tension  side,  50  800  volts  high-tension, 
giving  a  line  voltage  of  88  000.  Wall  bushings 
are  used  on  the  100  000  volt  lines  in  this  sub- 
station. An  outdoor  switching  station  is  short- 
ly to  be  erected  just  outside  the  sub-station. 
Seven  electrically  operated  outdoor  automatic  oil  circuit  breakers 
will  be  installed.  The  bus-bars  of  the  outdoor  station  will  be  car- 
ried on  a  special  steel  tower  from  which  loops  will  be  brought 
Points  north  of  Salisbury  can  be  sup- 
the  50  00  volt  or  100  000  volt  lines. 
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struction. 
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down  to  the  circuit  breakers, 
plied  with  power  from  either 
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The  tie-in  sub-station  at  Spartanburg,  which  is  worthy  of 
special  note,  contains  three  2  000  kw.  single-phase,  oil  insulated, 
self-cooled  transformers  with  a  present  ratio  of  48800  volts  low- 


TABLE  II-SUB-STATIOXS 

Stations 

i 

Ratio 

Xo.  of  Trans- 
formers 

Capacity  of  Trans- 
formers, kw. 

TIE-IN     STATIONS 

,^ 

50000/11  000 

3 

2000 

100000/50000 

7 

4000 

100000/50000 

6 

2000 

1 

100000/50000 

2 

2000 

1             I 

100000/50000 

3 

2000 

Totals 

5             i 

21 

56000 

T  I  000  VOLT   SUB-STATIONS                                                                    | 

5 

3 

100 

5 

3 

125 

4 

I  I  000/2  200 

3 

150 

I 

except    m    spec- 

3 

200 

I 

cial   cases. 

3 

250 

2 

3 

300 

I 

3 

500 

Totals 

19 

57 

1                  9825 

50000  VOLT  s 

UB-STATIONS 

I 

2 

100 

I 
I 

3 
3 

125 
150 

7 
I 
8 

5 

I 

2200     V(jlt 

distribution 
ordinarily- 
used. 

3 
3 
3 
3 
3 

200 
250 
300 
500 
750 

6 

I 

3 

6 

I  000 
I  000 

I 

3 

I  000 

Totals 

33 

lOI 

49925 

100  000  VOLT 

SUB-STATIONS 

I 

2200   volt 

6 

3000 

I 

distribution 

3 

1                  3000 

II 

ordinarily    used 

3 

1000 

Totals 

13 

42 

60  000 

Grand  Total  70 

221 

175750 

tension  to  50800  volts  high-tension,  giving  a  line  voltage  of  88000 
volts.  The  bus-bar  structure  tiscd  in  this  station,  as  in  many  of 
the  other  stations,  is  of  onc-lialf  incli  lirass  pipe  mounted  on  sus- 
pension type  insulators. 
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The  Catawba  tie-in  sub-station  contains  three  2  000  kw,  oil 
insulated,  water  cooled  transformers  tying  in  between  the  50000 
volt  lines  from  Great  Falls  and  the  1 1  000  volt  Catawba  station 
bus-bars.  An  interesting  feature  in  connection  with  this  sub-station 
is  that  the  50  000  volt  lines  can  be  connected  through  above  the 
roof  of  the  station  if  desired,  leaving  the  interior  dead. 

All  metal  structures,  walls,  floors  and  apparatus  casings  in  all 
the  stations  are  well  grounded  to  prevent  rise  in  voltage  between 
portions  of  the  building  and  between  building  and  ground.  If  such 
precautions  were  not  carefully  taken  such  a  condition  might  arise 

at  times  on  a  system  of  this  size 

and  voltage. 

The  sub-stations  connected 
to  the  system  at  the  present 
time  are  given  in  Table  II.  The 
total  of  the  high  voltage  trans- 
former sub-stations  is  70,  with 
an  aggregate  capacity  of  175  750 
kw. 

OPERATiON  OF  THE  SYSTEM 

The  headquarters  of  the  op- 
erating department  as  well  as 
the  general  offices  of  the  com- 
pany are  in  Charlotte,  but  the 
engineer  on  duty,  directly  in 
charge  of  operation,  is  located  in 
the  operating  office  at  Highland 
Park  sub-station,  and  is  at  all 
times  in  touch  with  each  gener- 
ating and  sub-station  of  the 
system  by  means  of  a  private 
telephone  connection.  From 
this  point  orders  are  issued  to 
the  station  attendants  directing  the  operation  of  the  power  houses, 
switching,  use  of  lines,  location  of  trouble,  delivery  of  power,  etc. 
In  short,  the  dispatching  of  the  load  is  taken  care  of  here.  This 
work  demands  intimate  knowledge  of  the  capacity  of  each  station, 
line  and  switch  and  the  switching  possibilities  available  under  any 
condition  that  may  arise. 

Telephone  Service — The  local  battery  type  of  telephone  is  used 
with  No.  10  galvanized  iron  wire  transposed  frequently,  depending 
upon  the  position  of  the  line  relative  to  the  power  circuits,  which 


PART   OF    INTERIOR    SALISBURY    TIE- 
IN    SUB-STATION 

Showing  one  bank  of  tie-in 
transformers  and  high  and  low- 
tension  station  bus-bars. 
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are  not  transposed.  Wherever  possible  the  telephone  line  is  car- 
ried on  its  own  poles  and  in  no  case  is  it  carried  on  the  transmission 
towers,  except  for  very  short  distances,  for  such  practice  would 
result  in  a  noisy  line  and  dangerous  voltages  on  the  wires.  In 
case  of  failure  of  the  private  line  the  operators  have  recourse  to 
commercial  telephones  and  telegraph  lines  in  the  vicinity.  In  the 
event  of  any  station  being  entirely  cut  off  from  communication 
with  the  operating  office  at  Charlotte  the  operators  have  instructions 
to  put  their  local  load  on  any  circuit  carrying  power. 

Protection  from  Lightning — The  entire  region  covered  by  the 
transmission  system  is  subject  to  the  most  violent  electric  storms. 


TO  GREAT  FALLS 


II 


TO  CONCORD 
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II 


TO  GREENSBORO 

WIRIXG  DIAGRAM,  SALISBURY  TIE-IN  SUB-STATIOX  AXD  OUTDOOR  SWITCHIXQ 
STATION 

Tie-ill  transformers,  looooo  volts  star  to  50000  volts  delta;  local  trans- 
formers, 50  000/2  500  volts. 

at  least  one  storm  occurring  each  month  in  the  year,  and  during  the 
summer  months  there  is  liable  to  be  one  or  more  storms  every  day. 
No  trouble  has  been  experienced  with  station  apparatus  from  this 
source,  but  steel  towers  supporting  pin  insulators  occasionally 
cause  line  troubles  due  to  breakage  of  the  insulators  by  lightning. 
For  this  reason  jumpers  are  used  across  the  pin  insulators  on  some 
of  the  twin  tower  50  000  volt  lines,  clamped  at  each  end  as  a  re- 
inforcement at  this  point  to  help  prevent  the  burning  off  of  the 
lines  in  case  of  the  formation  of  an  arc.  No  type  of  lightning 
arrester  has  as  yet  been  developed  that  will  entirely  prevent  in- 
terruptions to  service,  but  the  presence  of  overhead  ground  wires 
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and  grounding  of  structures  has  greatly  improved  conditions. 
There  has  been  very  Httle  trouble  on  the  looooo  volt  lines  both  on 
account  of  the  higher  voltage  and  because  of  the  greater  factor  of 
safety  obtainable  with  the  tyj^e  of  insulator  used.  Lightning  is 
the  worst  and  about  the  only  enemy  that  remains  to  continuity  of 
service  on  long  distance  transmission  systems  to-day. 

In  general,  the  operation  of  lines  carried  on  pin  insulators 
mounted  on  steel  towers  is  maintained  in  the  face  of  far  greater 
dif^culties  than  if  mounted  on  wooden  poles,  especially  where  the 
lines  traverse   country   exposed  to   the   violence   of   severe   electric 
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Showing  hand-operaled  antom;itic  oil   circuit  breakers.     Transform- 
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storms  such  as  occur  in  the  Piedmont  section  of  the  Carolinas.  The 
growing  scarcity  of  suitable  wooden  poles  and  the  greater  perma- 
nance  of  steel  towers,  and,  further,  the  desirability  of  the  latter 
where  large  amounts  of  power  are  to  be  transmitted,  means  that 
steel  towers  will  be  used  more  and  more  in  the  future. 

The  electrolytic  or  aluminum  cell  type  of  lightning  arrester  is 
used  throughout  this  system  with  the  greatest  success.  These  ar- 
resters are  placed  out  of  doors.  They  are  very  efifective  in  relieving 
the  line  of  disturbances  due  to  lightning  and  over-voltage  due  to 
surging  and  other  causes,  and  the  horn  gaps  can  be  set  so  close  that 
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they  will  discharge  on  closing  a  switch  many  miles  away,  showing 
that  they  are  extremely  sensitive.  With  the  gaps  on  these  arresters 
set  at  two  to  three  inches  on  50  000  volts,  two  horns  will  discharge 
in  case  of  a  ground.  The  third  horn  will  not  discharge,  thus  show- 
ing that  the  line  to  which  it  is  connected  is  causing  the  trouble  and 
immediately  indicating  to  the  operator  which  line  is  grounded.  This 
point  is  of  no  mean  value  to  the  station  operator.  These  arresters 
have  been  found  to  give  a  heavy  cushioning  eflfect  in  times  of 
trouble,  thus  materially  assisting  the  power  house  apparatus. 

Emcrgoicy  Switching  of  Transmission  Lines — At  various 
points  on  the  50  000  volt  lines  are  switching  towers  for  the  use  of 
patrolmen  in  cases  of  emergency.  One 
line  can  thus  be  cross-connected  to  an- 
othed  in  order  to  disconnect  a  given 
section.  The  use  of  hand  operated 
automatic  outdoor  oil  circuit  Ijreakers 
both  at  50000  and  100  000  volts  has 
become  standard  ])ractice  and,  as  no 
ditificulty  has  been  experienced  in  work- 
ing this  apparatus  outdoors,  it  is  ex- 
pected as  the  system  grows  that  the 
use  of  the  outdoor  type  of  circuit  break- 
er, even  of  the  mechanically  inter- 
locked double-throw  types,  will  become 
more  and  more  common.  This  com- 
pany has  been  foremost  in  advocating 
the  building  of  weather-proof  high- 
voltage  apparatus  for  outdoor  service 
— especially  transformers  and  oil  cir- 
cuit breakers —  and  they  have  found 
Showing  oil  circuit  l.reak-   ^j-.^^  ^j^^j.^  ^^^        -^^^^  ^^^  ^  ^  ^   ^^^^^^ 

operating  board.  .        ^  e>       j 

such  as  this  where  it  is  advantageous 

There  are  many  problems  to  be  met  in 
the  building  of  such  apparatus,  the  most  serious  of  which  is  that 
of  bringing  the  high  voltage  leads  through  the  iron  covers.  With 
the  introduction  of  what  it  commonly  called  the  "condenser  type" 
of  terminal,  there  appeared  a  type  of  bushing  which  easily  lends 
itself  to  weatherproofing.  Porcelain  rain  shields,  gum  filled,  pro- 
tect the  insulation  of  the  terminal  from  rain,  but  electrically  they 
are  not  part  of  it.  This  type  of  terminal,  which  is  in  successful 
use  under  various  conditions  all  over  the  country,  is  used  on  a  large 
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number  of  the  looooo  volt  transformers,  oil  circuit  breakers  and 
50  000  volt  oil  circuit  breakers  operating  on  these  lines. 

Housing  of  Employees— The  operating  department  of  the 
Southern  Fower  Company  maintains  hotels  at  the  larger  generat- 
ing stations  for  the  housing  of  the  employees  and  visitors.  In  be- 
ginning the  work  on  a  development,  the  hotel  is  usually  the  -first 
building  to  go  up,  as  care  is  always  taken  to  see  that  the  construc- 
tion men  have  a  suitable  place  to  live.  When  the  construction 
work  is  finished  it  becomes  the  home  of  the  operators.  These  hotels 
are  under  the  direct  supervision  of  the  superintendent  of  the  di- 
vision in  which  the  power  house  is  located,  and  are  well  managed. 
A  number  of  rooms  are  always  held  in  readiness  for  visits  from 
the  officials  of  the  company  and  visitors  in  general.     Those  who 


EXTERIOR    SPARTANBURG  TIE-IN    STATION 

Showing  wall  bushings,  hoods,   and  steel  doors  at  transformer  en- 
trance. *  ^t 
have  had  occasion  to  visit  the.  larger  power  houses  easily  recall  the 
warm  welcome,  and  the  readiness  and  pleasure  with  which  their 
many  questions  were  answered  and  the  details  of  operation  ex- 
plained. 

Load  Characteristics — The  load  on  this  system  is  industrial  in 
character,  composed  almost  entirely  of  cotton  mills  with  a  few 
wood-working  establishments.  The  load  comes  on  about  6 130  A.M. 
and  goes  ofif  at  12:00  noon;  comes  on  again  at  12:30  P.AI.  and  goes 
off  at  6:00  P.M.  The  equivalent  12  hour  load  of  the  entire  system 
amounts  to  about  80  000  kilowatts  at  a  power-factor  of  about  85  per- 
cent. The  night  load  amounts  to  about  25  percent  of  the  day  load 
and  is  made  up  of  lighting  and  power.  This  is  an  ideal  load  for  this 
type  of  system,  which  is  entirely  water  power  at  the  present  time. 
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The  light  night  loads  give  the  ponds  time  to  fill  up  and  the  recu- 
perative power  is  such  that  operation  is  carried  on  days  at  a  time 
during  periods  of  no  rainfall  with  water  flowing  over  the  flash- 
hoards  in  the  morning  and  with  a  dry  spillway  at  night. 

SALE  OF  POWER 

In  the  sale  of    power,    service  is    divided    into  two  principal 
classes — primary  and  secondary — according  to  the  power  require- 
ments   of    the    load. 


Secondary  service  is 
sub-divided  into  six- 
month,  eight-month 
and  ten  -  month 
classes.  P  r  i  m  a  r  y 
power  is  delivered 
twelve  months  in 
the  year,  while  sec- 
ondary power  is 
sold  on  a  guarantee 
of  delivery  of  serv- 
ice during  18,  24  or 
30  months,  as  the 
case  may  be,  in  36. 
During  times  of  low 
water  secondary 
power  is  cut  off,  and 
hence  the  customer 
using  this  service 
must  have  in  par- 
tial readiness  his 
own  source  of 
power,  usually  a 
steam    engine.     The 
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ment  always  en- 
deavors to  give  secondary  power  users  at  least  twenty-four  hours' 
notice  before  cutting  off  their  supply,  so  as  to  enable  such  cus- 
tomers to  get  their  engines  and  belt  connections  to  shafting  ready. 

The  rates  for  the  sale  of  primary  and  secondary  power  ef- 
fective June  1st,  1908,  are  given  in  Table  III. 

Practically  all  power  is  now  sold  on  a  basis  of  2  300  volts  de- 
livery, which  is  advantageous  to  both  seller    and    consumer    as    it 
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gives  the  seller  direct  supervision  over  the  operation  and  care  of 
apparatus  in  the  sub-station,  while  the  consumer  does  not  have 
to  bother  with  the  high-tension  end. 

FUTURE   GROWTH 

The  work  of  development  of  the  Southern  Power  Company  is 
not  over;  in  fact,  it  has  just  begun.  Five  years  of  work  have 
achieved  results  far  beyond  the  most  sanguine  expectations  of  those 
men  associated  in  what  was  thought  to  be  somewhat  of  an  experi- 

TABLE  III— RATES  ROR  DIFFERENT  CLASSES  OF  SERVICE 


Service   Requirements 


50  000  Volt  Service 


2  300   Volts  Delivered 


Horse- Power 


Cents 

Per 

Kw-hr. 


Dollars 

Per 
Kw-yr. 


Dollars 

Per 
Hp-yr. 


Cents  DoUai's 

Per        \         Per 
Kw-hr.      I      Kw-yr. 


Dollars 

Per 
Hp-yr. 


PRIMARY    DAY    SERVICE 


250  and  over 
250  and  over 


0.95 
1.04 


32.00 
32.00 


23.80 
23.80 


33-66 
33.66 


PRIMARY   NIGHT   SERVICE    (20  PER  CENT  OFF  DAY  RATE) 


II   250  and  over 
10   250  and  over 


0-75 
0.83 


25-30 
25-30 


18.85 
18.85 


0.80 
0.88 


26.90 
26.90 


20.10 
20.10 


SECONDARY    DAY    SERVICE — EIGHT    MONTHS 


Under  500 
Under  500 
Over  500 
Over  500 


0.66 

22.10 

16.50 

0.72 

24.20 

0.72 

22.10 

16.50 

0.79 

24.20 

0.55 

18.45 

13-75 

0.60 

20.20 

0.60 

.B.43 

13-75 

0.66 

20.20 

I8.0S 
18.05 
15.05 


SECONDARY   DAY   SERVICE — SIX    MONTHS 


Over  500 
Over  500 


0.45 
0.50 


15.20 
1520 


11-35 
11-35 


0.48 
0.53 


16.15 
16.15 


12.0; 
12.0  = 


ment,  and  one  which  had  to  be  carried  on  in  the  face  of  continual 
opposition  on  the  part  of  their  only  prosjiective  customers  at  that 
time,  the  cotton  mill  people. 

Conditions  have  changed  until,  in  order  to  meet  the  remarkable 
increase  in  demand  for  power,  other  sources  of  energy  must  be 
acquired  or  developed.  The  Saluda  River  power  station,  recently 
acquired,  has  a  capacity  of  2  600  kw,  and  there  has  been  built  at 
Greenville,  South  Carolina,  an  8  500  kw  steam  turbine  station  which 
will  be  ready  to  start  in  the  very  near  future — the  first  steam  plant 
of   the   Southern   Power   Company.     There  is   also  being  built   at 
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Greensboro,  Xorth  Carolina,  a  duplicate  steam  station,  and  the  ma- 
chinery for  the  third  has  been  purchased,  but  its  location  has  not 
yet  been  decided  upon.  These  units  will  be  used  as  auxiliaries  and 
will  at  times  tloat  on  the  line  for  power-factor  control.  Three 
miles  north  of  Great  Falls  on  the  Catawba  River  is  the  Fishing 
Creek  development,  of  24  000  kw,  the  same  capacity  as  the  Great 
Falls  station,  which  awaits  the  engineer  to  turn  its  energy  into 
power. 

Ten    miles    north    of    Camden.    South    Carolina,    the   projected 
W'ateree  devel()i>;nent,  on  the  W'ateree  River,  which  is  a  continuation 

of   the   Catawba  River,   is   to 


r 


1)6  located.  Approximately 
1 00  000  kw  is  available  here 
under  a  head  of  85  feet,  and 
there  will  be  sufficient  storage 
capacity  behind  this  plant  to 
deliver  80  000  primary  horse- 
power for  a  period  of  thirty 
days  without  a  drop  of  rain 
falling  on  the  water  shed  of 
the  Catawba  River. 

On    January     ist.     191 1, 
the     Southern     Power    Com- 
pany  took  over   the  plant  of 
the     Charlotte     Consolidated 
Construction     Company     and 
affiliated  companies  which  op- 
erate the  street  railways  and 
gas   system,   and   supply   part 
of    the    electrical    energy    to 
the   City  of   Charlotte.      This 
plant    will    be    tied    into    the 
transmission    system     of    the 
Southern     Power    Company    and    the    gas    engine    driven    units 
which  now  supply  part  of  the  electric  power  to  the  city  of  Char- 
lotte will  be  kept  for  auxiliaries  for  local  service. 

There  is  building  at  the  present  time  at  Great  Falls,  South 
Carolina,  a  25  000  spindle  cotton  mill,  which  will  take  about  i  200 
primary  horse-power  directly  off  the  low-tension  bus-bars  of  the 
station  at  this  point.  This  will  be  the  only  power  not  transmitted 
at  a  higher  voltage  from  this  system.  This  mill  will  be  one  of  the 
best  equipped  in  the  South  and  is  preparing  to  manufacture  the 
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finest  grades  of  cotton  goods  in  direct  competition  with  New  Eng- 
land mills.     If  the  results  warrant,  more  mills  of  the  same  char- 
acter    will    be     built 
here. 
e     ££  S  <  Plans    are   being 

^     S?       ®      M   .^        3  prepared    for    a    fer- 

tilizer plant  to  be 
built  a  short  distance 
north  of  the  cotton 
mill  to  manufacture 
fertilizer  by  means 
of  an  electrochemical 
process  for  the  fixa- 
tion of  the  nitrogen 
of  the  air.  This 
plant  will  take  ap- 
proximately 5  ooo  kw 
at  the  start.  Many 
previous  experiments 
along  this  line  in  this  country  have  been  failures,  but  by  means  of 
improved  processes  it  is  expected  to  manufacture  so  economically 
as  to  sell  the  product 

of  this  plant  in  com-       _      ^ 

petition  with  the  nat- 
ural nitrates  import- 
ed from  Chile.  There 
is  a  demand  for  large 
quantities  of  fertil- 
izer throughout  the 
South,  as  the  raising 
of  cotton  quickly  ex- 
hausts the  soil.  Here, 
in  what  six  years  ago 
was  a  howling  wil- 
derness, will  soon  be 
enacted  a  scene  of 
activity  that  was 
never  even  dreamed 
of,  and  this  is  but 
one     localitv      where    ''  ''    ^''  '  "'•'^alizing  outdoor  type,  hand-operated 

•'  automatic  oil   circuit  breakers.  44000   VOLTS 

the     transmission    of 

,  ,^    ,  Mooresville,  N.  C. 

energy    has     resulted 

in  the  development  of  unforseen  enterprises.     The  increase  in  the 


SOUTHERN  POWER  COMPANY 


355 


number  of  cotton  mills  in  this  region  since  1904  has  been  very  large. 
That  cotton  mills  are  not  to  be  considered  the  only  principal 
market  for  power  in  this  district  in  the  future  is  a  recognized  fact, 
for  at  the  present  time  there  is  a  rapidly  growing  demand  for  bet- 
ter transportation  facilities,  especially  between  the  smaller  towns  in 
this  locality.  The  South  is  woefully  weak  in  this  respect,  and  the 
people  have  turned  their  eyes  to  electric  traction  to  fulfill  their 
wants.  Preliminary  surveys  have  been  made  throughout  the  Pied- 
mont section  for  suitable  interurban  rights  of  way,  and  there  is 
promise  that  in  the  near  future  better  facilities  will  be  provided 
between  towns  not  only  for  passenger  transportation,  but  also  for  a 
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Great  Falls,  S.  C. 

large  amount  of  freight  and  express  business,  and  the  motive  power 
will  be  electricity.  The  successful  operation  of  the  very  extensive 
interurban  electric  lines  in  the  Eastern  Central  States,  with  their 
hundreds  of  miles  of  trackage,  some  of  which  are  operating  high 
speed  electric  passenger  and  freight  trains  and  even  sleepers,  can 
be  duplicated  here.  These  lines  can  serve  not  only  as  feeders  to 
the  steam  railroads,  but  also  handle  the  interurban  traffic  to  better 
advantage,  under  a  closer  headway  and  with  far  higher  economy 
than  a  steam  road. 

CONCLUSION 


The  Southern  Power  Company  is  no  mean  determining  factor 
in  the  development  of  the  South ;  it  is  one  of  those  forces  that  is 
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producing  a  new  South — a  South  whose  commercial  influence  will 
be  felt  more  and  more  as  time  goes  on.  It  is  to  men  such  as  these, 
who  by  their  foresight  have  realized  the  advantage  not  only  to  them- 
selves, but  to  the  community  at  large  in  financing  enterprises  such 
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as  this  one.  in  the  face  of  an  unpromising  beginning;  to  men  of  the 
type  of  these  who  have  designed,  constructed  and  now  operate  so 
successfully  this  system  of  such  large  proportions,  that  the  Soutli 
is  indebted  for  its  present  era  of  development. 


ELECTRIC  DRIVE  ;FOR  OIL  WELLS 

W.  F.  PATTON,  Jr. 

IT  is  generally  understood  that  electricity  is  the  power  most  suit- 
ed for  distribution  over  a  wide  area,  because  the  losses  caused 
by  the  transmission  of  power  in  this  form  are  small  as  compared 
with  the  losses  which  are  inherent  to  the  transmission  of  other 
forms  of  power,  as  for  instance,  steam  in  pipes.  In  view  of  the 
fact  that  oil  fields  require  power  distributed  over  large  areas,  it 
seems  almost  incomprehensible  that  the  electric  motor  is  only  now 
being  generally  adopted  for  operating  oil  wells.  It  is  the  more  as- 
tonishing because  the  electric  motor  (although  somewhat  different 
in  its  operation  from  a  steam  engine  )  is  as  a  whole  at  least  as 
satisfactory  for  this  kincl  of  work  as  a  steam  engine,  if  it  is  de- 
signed to  meet  the  requirements  of  this  class  of  work.  This  has 
been  proven  beyond  doubt  by  the  experiments  made  with  elec- 
tric motors  in  the  oil  fields  of  the  South  I'enn  (Jil  Company  in 
West  Virginia,  and  it  has  Ijcen  confirmed  by  the  demonstrations 
made  during  the  last  year  in  tlie  various  oil  fields  of  California 
with  several  improved  types  of  motor. 

Power  is  required  in  oil  fields  for  drilling,  pumping,  cleaning 
the  wells  and  moving  the  oil.  The  drill,  used  for  boring  the  well, 
consists  of  a  heavy  cutting  tool  which  is  raised  a  few  feet  and 
dropped,  thus  forcing  its  way  into  the  rock.  It  is  sui)ported  by  a 
steel  cable  and  is  given  an  oscillating  movement,  much  the  same 
as  a  weight  on  a  rubber  band,  striking  the  ground  at  the  time 
of  maximum  velocity,  and  ])eing  lifted  by  the  elasticity  of  the  cable 
as  soon  as  the  blow  has  been  struck.  As  the  length  of  the  cable  is 
continually  changing  as  the  boring  progresses,  the  correct  adjust- 
ment of  speed  to  length  of  cable  to  secure  the  maximum  rate  of 
boring  becomes  quite  a  problem. 

The  presence  of  water  in  the  hule  greatly  facilitates  the  pro- 
cess of  drilling  and  the  removal  of  the  waste.  To  remove  this 
water  and  waste  a  bailer  is  lowered  into  the  hole,  filled  and  raised 
to  the  top,  the  process  being  repeated  until  the  well  is  sufficiently 
clean  for  the  drilling  to  be  continued.  High  speed  operation  of 
the  bailer  reel  will,  of  course,  save  considerable  time. 

As  the  well  is  drilled,  it  is  lined  with  a  casing  of  iron  pipe  to 
prevent  the  sides  from  falling  in.  After  the  oil-bearing  stratum 
is  reached,  a  second  line  of  smaller  pipe,  terminating  in  the  pump 
barrel,  is  lowered  inside  the  casing  to  the  bottom  of  the  well.     In- 
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side  this  tubing  is  lowered  a  series  of  rods  with  the  pump  sucker 
and  ball  valve  at  the  lower  end.  The  upper  end  of  the  rods  is  at- 
tached to  the  walking  beam,  and  the  well  is  ready  for  operation. 
Power  for  pumping  the  oil  from  wells  has  been  supplied,  in  most 
cases,  by  small  steam  or  gas  engines. 

Electric  motors  were  first  installed  for  the  operation  of  oil 
wells  in  1903,  when  the  South  Penn  Oil  Company,  of  West  Vir- 
ginia, purchased  250  motors  for  pumping  oil  wells.  The  pov^^er 
was  generated  in  a  central  station,  near  Folsom,  West  Virginia, 
which  was  operated  by  natural  gas,  but  had  at  the  same  time  a 
steam  plant  for  reserve.  The  motors  pumped  the  wells  very  sat- 
isfactorily from  the  beginning  and  also  gave  good  results  in  pulling 
the  tubing  for  cleaning,  etc.  The  South  Penn  Oil  Company,  there- 
fore, installed  150  additional  motors  in  1905  and  50  more  in  1907. 

The  motors  are  mounted  on  a  cast  iron  base  and  geared  to  a 
countershaft  mounted  on  the  same  base.  The  countershaft  carries  a 
pulley  for  the  large  bull  wheel  belt.  The  motor,  with  its  countershaft, 
is  arranged  in  place  of  the  engine.  The  controller  for  the  motor 
is  in  the  motor  house  and  is  operated  by  a  handwheel  in  the  derrick, 
which  takes  the  place  of  the  throttle  wheel  at  the  steam  engine. 
The  reversing  lever  is  not  required. 

Motors  for  pumping  must  be  of  the  variable  speed  type,  as 
the  speed  of  pumping  must  be  varied  from  time  to  time,  the  num- 
ber of  strokes  per  minute  ranging  from  16  to  30,  depending  on 
the  condition  of  the  well.  Maximum  pumping  speed  is  always  de- 
sired, but  if  the  speed  is  too  high  an  excessive  amount  of  sand  will 
be  pumped.  The  average  speed  of  these  pumping  motors  is  about 
560  r.p.m.  when  pumping.  They  can  be  speeded  up  to  about  700 
r.p.m.  for  pulling  out  the  tubing  when  the  pump  becomes  clogged 
with  sand  or  whenever  otherwise  desired. 

The  only  drawback  to  the  electric  drive  in  the  fields  of  this 
company  was  due  to  the  fact  that  the  wells  now  and  then  required 
redrilling  and  the  motors  above  mentioned  were  not  suitable  for 
this  work.  It  was,  therefore,  necessary  to  install  a  boiler  and  steam 
engine  every  time  the  redrilling  was  to  be  done,  and,  on  account 
of  the  poor  road  conditions  in  the  territory,  the  hauling  of  the 
boiler  and  steam  engine  is  rather  expensive.  This  led  Mr.  Clarke, 
chief  engineer  of  the  South  Penn  Oil  Company,  who  is  considered 
as  a  pioneer  in  the  introduction  of  electric  motors  into  oil  well 
work,  to  make  numerous  experiments  with  electric  motors  with 
the  intention  of  designing  one  which  would  also  be  good  for  drill- 
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ing  work.  He  had  built  in  1906  an  experimental  motor  which, 
after  some  trial,  gave  satisfactory  resuUs  for  the  drilling  work,  and 
was  so  similar  in  its  operation  to  the  steam  engines,  that  the  drillers 
quickly  recognized  its  advantages. 

Encouraged  by  this  experience,  Mr.  Clarke  ordered  two  new 
motors  of  the  same  general  type  which  were  put  into  service  in 
1908  and  have  given  satisfactory  results  ever  since.  These  motors 
have  two  stators  mounted  in  a  single  frame,  one  of  which  is  ar- 
ranged to  be  rotated  through  a  small  arc  by  a  worm  gear.  The 
core  of  the  rotor  is  in  two  parts,  each  keyed  solidly  to  the  shaft,  with 
the  bars  of  a  squirrel  cage  winding  extending  through  both  cores. 
By  rotating  the  one  stator  relative  to  the  other,  the  speed  may 
be  reduced  to  any  desired  value,  with  high  efficiency  at  any  speed. 
In  addition,  each  stator  is  wound  for  two  speeds  by  means  of  a 
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FIG.    I  — PLAN    OF    PUMPING    EQUIPMENT 

Motor  in  extension  of  engine  house.     Engine  fly-wheel 
replaced  by  60-inch  pulley, 
pole-changing  device,  so  that  double  speeds  may  be  obtained   for 
bailing  or  wherever  high  speeds  are  necessary. 

These  motors  were  designed  for  comparatively  high  speeds  and 
required  gear  reductions.  The  gears  were,  as  in  the  case  of  the 
pumping  motors,  the  only  cause  for  some  slight  trouble,  since  work 
in  the  oil  fields  is  very  severe  on  machinery  and  this  frequently 
results  in  the  breakage  of  gears.  Mr.  Clarke,  therefore,  decided  in 
the  future,  to  use  motors  for  drilling  having  the  same  speeds  as 
the  steam  engines,  and  which  could  be  belted  directly  to  the  bull 
wheel.  Ten  such  motors  were  installed  in  1909  and  have  been  in 
operation  since  that  time.  According  to  the  remarks  of  oil  well 
drillers,  these  motors  represent  the  ideal  for  oil  well  drilling  work. 
They  are  generally  used  for  deeper  drilling  and  have  drilled  an 
average  of  twenty  holes  each  per  year  since  they  were  installed. 
Some  of  the  motors  were  also  used  for  new  drilling  with  very 
good  success,  and  Mr.  Clarke  has  drilled  three  complete  wells  of 
2  100,  2  600  and  3  200  feet  in  depth.  The  drilling  speed  obtained 
is  higher  than  can  be  obtained  with  steam  engines. 
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Since  these  drilling  motors  are  somewhat  more  expensive  than 
the  motors  used  for  pumping  and  pulling  the  wells,  it  does  not  ap- 
pear economical  to  follow  the  steam  practice  which  consists  of 
using  the  same  engine  for  drilling  and  pumping.  It  is  advisable,  in 
case  of  the  electric  drive,  to  do  the  drilling  with  one  of  the  larger 
drilling  motors  and  afterwards  install  a  smaller  motor  for  pump- 
ing and  the  ordinary  cleaning.    AA'hen  it  is  necessary  to  drill  deeper, 

one    of    the    drilling 

r motors  can  be   easily 

moved  to  the  well. 

In  1909.  the 
question  of  electric 
drive  for  oil  wells 
was  taken  up  in 
Southern  California. 
Since  alternating  cur- 
rent is  used  in  Cal- 
ifornia at  a  frequen- 
cy of  60  cycles  (while 
the  current  used  by 
the  South  Penn  Oil 
Company  had  a  fre- 
quency of  25  cycles), 
it  was  not  possible  to 
use  the  same  practice 
and  the  same  type 
of  motor.  The  mo- 
tors for  60  cycle 
operation  cannot  very 
well  be  designed  for 
as  low  speeds  as  the  motors  for  25  cycles,  and  it  is,  therefore,  not 
possible  to  connect  the  60  cycle  motor  directly  to  the  bull  wheel 
by  a  belt. 

In  the  first  experiments,  the  piston  rod  of  the  steam  engine 
was  disconnected  and  the  flywheel  on  the  engine  shaft  was  replaced 
by  a  large  pulley,  which,  in  turn,  was  driven  by  an  electric  motor. 
This  arrangement  had  the  advantage  that  if  anything  should  hap- 
pen to  the  electric  motor  on  account  of  the  fact  that  the  oil  men 
were  not  yet  familiar  with  the  electric  drive,  it  w-as  an  easy  matter 
to  remove  the  belt  from  the  motor  and  put  the  steam  engirte  to 
work.  This  arrangement  has  proven  so  satisfactory  that  up  to  the 
present  time  all  motors  -installed  in  the  California  fields  are  oper- 
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ated  in  this  way.  After  a  short  time  it  will,  of  course,  be  possible 
to  dispense  with  the  steam  engine  entirely  and  put  a  simple  counter- 
shaft with  two  bearings  and  two    pulleys  in  its  place. 

Another  possible  alternative  of  such  an  arrangement  would  be 
a  back  geared  electric  motor  which  could  be  placed  on  the  present 
engine  block.  While  this  arrangement  undoubtedly  has  the  advan- 
tage of  being  more  condensed,  it  is  not  to  be  recommended  for 
heavy  work,  since  gears  are  always  liable  to  break  under  service 
conditions  as  severe  as  those  in  the  oil  fields.  Moreover,  the  gears 
are  not  as  flexible  as  a  second  belt,  and  since  with  careless  handling 


FIG.    3 — WOUND    SECONDARY    INDUCTICiX     MOTDR,     USED    IN     PUMPING 
OIL   WELL 

The  motor  primary  can  be  changed  from  star  to  delta  con- 
nect ion  by  means  of  a  double  throw  switch.     Rating,  star  con- 
ntction,   10  hp  continuous  duty;   delta  connection,  30  hp  inter- 
mittent duty, 
the  electric  motor  can  be  very  suddenly  started  and   stopped,  the 
flexibility  introduced  by  a  second  belt  is  very  desirable  because  it 
is  less  liable  to  cause  breaks  in  the  piping  and  the  rods  when  they 
are  piflled.     If  gears  are  used  at  all,  the  motor  speed  should  not 
be  too  high.    With  the  low  speed  used  by  the  South  Penn  Oil  Com- 
pany, for  instance,  the  breakage  of  the  gears  on  the  pumping  motors 
is  so  small  that  it  is  not  a  serious  item  in  the  running  expenses. 

With  the  double  belted  arrangement  it  is  'impossible  to  install 
the  electric  motor  without  slight  changes  in  the  arrangement.  In 
place  of  the  steam  engine,  a  countershaft  with  two  bearings  and 
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pulleys,  as  mentioned  above,  is  to  be  installed,  while  the  motor  can 
be  put  between  the  reel  for  the  bailer  cable  and  this  countershaft. 
This  necessitates  the  building  of  a  small  additional  house,  but  the 
expense  is  fully  counterbalanced  by  the  advantage  of  the  double 
belted  arrangement. 

The  first  double  belted  motor  was  installed  in  the  Sherman  oil 
fields  near  Los  Angeles  early  in  1910  and  has  been  operated  for 
pumping  and  cleaning  without  interruption  since  that  time.  On  ac- 
count of  the  necessity  of  cleaning  the  wells,  it  was  necessary  to 
have  a  reversible  motor,  with  the  speed  adjustable  for  pumping, 
which  \vould  give  a  slower  speed  on  the  upstroke  than  on  the  down 
stroke,  and  which  could  at  times  develop  a  very  high  torque  for 
pulling  and  cleaning.  It  is  customary  to  pull  the  pump  rods  and 
pump  first  and  then  the  tubing.  At  times,  however,  it  is  impossi- 
ble to  pull  the  punif)  out  of  the  tubing  and  it  becomes  necessary 
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FIG.     4 — PLAN    OF    PUMPING    EQUIPMENT 

Motor  in  engine  house,  between  engine  and  bailer  reel. 
Engine  fly-wheel  replaced  by  60-inch  pulley. 

to  pull  up  the  tubing  full  of  oil,  and  the  pump  rods  at  the  same  time, 
requiring  a  \ery  high  torque. 

To  meet  these  conditions,  a  wound  secondary  motor  was  in- 
stalled, the  speed  being  varied  by  inserting  resistance.  The  primary 
is  arranged  for  either  delta  or  star  connection,  so  that  by  simply 
throwing  over  a  switch  it  can  be  changed  from  a  ten  horse-power 
constant  service  to  a  30  horse-power  intermittent  service  rating. 
The  well  at  which  it  was  installed  is  2  000  feet  deep  with  2.5  inch 
tubing,  and  about  40  barrels  of  15.5  degree  gravity  oil  are  pumped 
per  day  on  24  hour  service. 

Extended  tests  were  made,  which  developed  the  following: — 

I — The  ten  horse-power  arrangement  of  the  motor  gave  ample 
power  for  pumping  service ;  in  fact,  on  this  particular  well,  it  was 
found  that  only  six  horse-power  was  required.  The  variable  speed 
feature  also  proved  "desirable,  as  it  enabled  the  operator  to  adjust 
the  pump  to  the  speed  necessary  to  give  the  best  results. 

II_\Vhen^  by  throwing  the  change-over  switch,  the  capacity 
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of  the  motor  was  increased  to  30  horse-power  for  intermittent 
service  of  half-hour  periods,  it  proved  perfectly  satisfactory  for 
pulling  rods  and  tubing  and  other  work  incidental  to  cleaning  the 
well.  In  order  to  accomplish  this  work  rapidly,  a  change  of  pulleys 
was  made  on  the  motor  which  would  give  double  the  belt  speed 
used  in  pumping.  This  was  a  simple  operation,  as  the  six-inch 
belt  connecting  the  motor  to  the  countershaft  was  easily  handled. 
In  September,  1910,  other  motors  were  installed  in  the  Coalinga 
oil  fields.  One  motor  was  installed  on  the  Good  Luck  Lease  and 
performed  satisfactorily  from  the  beginning.     It  was  demonstrated 


FIG.    5 — DOUBLE    PRIMARY    DRILLING    MOTOR 

One  primary  can  be  rotated  relative  to  the  other  by  means  of 
a  worm  gear,  so  that  any  speed  below  synchronous  can  be  ob- 
tained for  the  squirrel  cage  rotor,  at  good  efficiency.     By  means 
of  a  pole  changing  device  the  synchronous  speed  can  be  doubled 
for  bailing,  etc. 
beyond  doubt  that  the  w^ell,  which  has  a  two-inch  pipe,  is  about 
I  500  feet  deep  and  pumps  about  30  barrels  of  oil  and  60  barrels 
of  water  per  day,  can  be  operated  for  $1.50  per  day,  while  it  would 
cost  $3.00  per  day  with  steam  operation.     The  complete  pulling  of 
this  well  was  done  at  the  rate  of  90  cents  for  current  consumed. 
On  account  of  this  excellent  showing,  the  Good  Luck  Company 
ordered  motors  to  operate  all  of  their  wells,  which  have  given  equal- 
ly good  results. 

After  the  first  Good  Luck  motor  was  installed,  experiments 
were  started  on  a  well  of  the  Kern  Trading  &  Oil  Company,  which 
is  the  largest  company  in  the  Coalinga  fields.     For  the  first  motor, 
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the  heaviest  well  was  selected,  and,  although  the  motor  installed 
was  not  designed  for  a  well  of  this  capacity,  its  performance  was 
quite  satisfactory  from  the  beginning.  It  was  proven  that,  although 
the  motor  was  too  small  for  this  work,  a  length  of  i  900  feet  of 
three-inch  piping  could  be  pulled  in  less  time  than  had  been  taken 
with  steam,  and  it  can  be  predicted  with  certainty  that  with  the 
proper  motor  the  time  required  for  pulling  can  be  reduced  to  two- 
thirds  of  the  time  required  by  the  steam  engine. 

In  this  case,  as  well  as  with  the  first  motor  of  the  Good  Luck 
Company,  the  motor  was  not  installed  near  the  reel  of  the  bailer 
cable,  l>ut  in  an  extension  of  tlie  engine  house  as  indicated  by  Fig.  i. 


FIG.     6 — MOTOR     HOUSE    AXP     DEKKKK,     KljCU  PEIi     EOK     UKILLINO     WITK 
ELECTRIC    POWER 

A  general  view  of  this  outfit,  showing  the  extension  of  the  engine 
house,  is  given  in  Fig.  2.  Fig.  3  shows  the  motor  installed  in  the 
engine  house  extension.  Several  motors  installed  later  were  ar- 
ranged, as  described  above,  by  placing  the  motor  between  the  bailer 
reel  and  the  present  engine,  as  indicated  in  Fig.  4. 

Experiments  were  started  at  the  same  time  with  a  drilling 
motor  on  the  premises  of  the  Kern  Trading  Company,  arranged  in 
the  same  manner  as  shown  in  Fig.  4.  Fig.  5  shows  this  motor 
while  being  installed,  before  the  motor  house  was  built,  and  Fig.  6 
shows  the  motor  house.  The  power  circuit  and  the  transformers 
on  the  poles,  while  being  installed,  are  shown  in  Fig.  7.  The  re- 
sults obtained  with   the   drilling  motor  were   satisfactory,  but  the 
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motor  could  not  be  kept  in  service  very  long  on  account  of  the 
completion  of  the  well.  Further  demonstrations  will,  however,  be 
made  with  this  motor  in  the  near  future. 

The  controllers  of  the  first  motors  installed  in  this  territory 
were  very  similar  to  a  common  street  car  controller,  with  one  handle 
for  reversing  and  changing  the  speed.  These  were  installed  in 
the  derrick  close  to  the  well  in  order  to  be  convenient  for  the  opera- 
tor. In  later  installations  the  controller  was  placed  in  the  motor 
house  and  operated  by  means  of  a  steel  cable  and  a  hand  wheel, 
making  the  control  very  similar  to  that  of  the  steam  engine.     Over- 


FIG.    7 — INSTALLING    TR.\XSFORMERS    FOR    DRILLING    AND    PUMPING    MOTORS 

load  and  no-voltage  release  devices  are  usually  provided  as  a  pro- 
tection to  the  motor. 

The  controller  contacts  are  immersed  in  oil  so  that  all  danger 
of  gas  explosions  from  sparking  at  the  contacts  is  eliminated.  As 
additional  protection  against  explosions  the  brush  rigging  of  the 
motor  is  completely  enclosed  in  a  fine  wire  gauze  screen.  The  free- 
dom from  the  danger  of  gas  explosions  forms  one  of  the  valuable 
features  of  the  electric  drive,  as  considerable  trouble  has  been  ex- 
perienced from  this  source  in  the  past.  One  recent  experience  with 
flowing  gas,  while  using  steam  engine  drive,  resulted  in  the  com- 
plete destruction  of  several  rigs  by  fire,  with  a  complete  loss  of 
output  from  the  wells  for  several  months. 


THE  NEW  METHOD  OF  INDUSTRIAL  TRAINING 

"Of  1666  men  recently  applying  for  work  at  the  gate  of  a 
plant  employing  about  15  different  trades,  only  134,  or  eight  out 
of  each  hundred  men  even  pretended  to  be  anything  more  than 
unskilled  laborers.  However,  upon  such  men  manufacturers 
depend  for  a  large  part  of  their  output." 

The  foregoing  statement  is  taken  from  the  summation  of  a 
session  devoted  to  the  subject  of  "Apprenticeship  and  Corpora- 
tion Schools"  at  the  recent  meeting  in  Boston  of  the  National 
Society  for  the  Promotion  of  Industrial  Education.  The  several 
papers  and  the  discussion  give  an  admirable  view  of  the  educa- 
tional problem  which  the  new  industrial  conditions  have  created.  . 

The  following  papers  and  discussions  are  greatly  condensed 
from  Bulletin  No.  13  of  the  proceedings  of  the  Society  which 
contains  the  papers  and  discussion  of  Friday  morning,  Novem- 
ber 18,  1910. 


APPRENTICESHIP    AND    CORPORATION    SCHOOLS 

Magnus  IV.  Alexander,  General  Electric  Company,  West  Lynn, 
Mass. — Chronologically,  apprenticeship  was  the  first  step  in  trade 
training.  The  introduction  of  lahor-saving  machinery  and  of  spe- 
ciaHzation  of  processes  in  the  middle  of  the  last  century,  inaugu- 
rating a  wonderful  revolution  in  the  industrial  life  of  America, 
tended  to  eliminate  this  system.  Under  the  new  industrial 
conditions  there  seemed  to  be  no  great  need  for  the  all-round  skill 
of  the  trained  apprentice.  Manufacturers  relinquished  their  pre- 
vious responsibility  for  the  training  of  men  more  readily  because 
the  public  school  system  began  to  incorporate  manual  training 
in  its  curriculum.  Industry  expected  to  receive  at  once  better  in- 
dustrial recruits,  where  it  should  have  looked  only  for  beginners 
with  a  better  understanding  of  the  industrial  life. 

The  fallacy  of  this  assumption  soon  showed  itself ;  the  in- 
dustrial leaders  could  not  command  a  sufficient  supply  of  all- 
round  skill  to  guide  the  large  industrial  army  of  machine  operatives 
and  instruct  them  in  the  various  processes ;  to  design  and  build 
the  complicated  machinery  which  specialization  of  manufacture 
had  necessitated,  and  keep  it  in  good  order  and  repair;  and  to 
develop  the  leadership  on  which  the  expanding  industries  had  to 
depend  for  their  very  existence.  Manufacturers  of  a  decade  or  so 
ago  interpreted  the  principles  of  apprenticeship  in  terms  of  the 
new  industrial  and  social  conditions,  and  inaugurated  new  sys- 
tems responsive  to  the  new  demands. 
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The  modern  apprenticeship  idea,  grown  out  of  the  changed 
industrial  and  social  conditions  of  today  must  be  considered  as  to 
its  place  in  the  scheme  of  industrial  education.  Its  life's  blood 
is  pulsating  anew  in  the  veins  of  industrial  life,  and  its  flow  should 
be  quickened  and  extended  into  all  arteries  of  industrial  activity 
for  the  reason  that  a  well-regulated,  modern  apprenticeship  sys- 
tem will  give  satisfactory  results  to  the  industries  promptly,  and 
immediate  opportunities  for  trade  training  to  boys,  and  further- 
more, will  serve  as  a  practical  object  lesson  to  those  who  are 
faithfullv  workiuLT  on  the  establishment  of  effective  trade  schools. 


HOW   THE   WESTINGHOUSE    COMPANY   TRAINS   ITS    APPRENTICES 

Tracy  Lyon,  Wcstinghouse  Electric  &  Manufacturing  Com- 
pany, Pittsburg,  Pa. — We  are  giving  our  trades  apprentices  a  cer- 
tain amount  of  class  room  instruction  during  w^orking  hours  and 
also  support  in  part  a  night  school,  of  which  the  majority  of  the 
instructors  are  men  in  our  employ — for  the  most  part  from  the 
Engineering  Department. 

The  apprentices  are  in  the  class  room  four  hours  a  week  dur- 
ing the  entire  year  and  are  taught  mechanical  drawing  and  arith- 
metic in  the  shape  of  shop  problems. 

The  main  thing  in  view  is  to  awaken  the  boy's  intelligence  and 
start  him  to  thinking  in  an  accurate  way  about  what  he  is  doing. 
He  may  have  a  common  school  education  and  may  perform  his 
task  of  operating  a  machine  tool  fairly  wxdl,  yet  for  the  rest  of 
his  life  may  fail  to  thoroughly  understand  the  drawing  he  is 
working  to,  and  quite  fail  to  apply  to  advantage  whatever  knowl- 
edge of  mathematics  he  may  have.  To  be  able  to  read  a  drawing 
quickly  and  intelligently  is,  in  a  way,  as  much  an  accomplishment 
to  be  acquired  as  to  be  able  to  read  any  other  form  of  expression, 
and  the  man  who  can  solve  quickly  and  accurately  the  many  little 
problems  in  time  and  dimensions  w^hich  come  to  a  workman,  has 
certainly  increased  greatly  his  value  to  himself  and  his  employer. 

This  is  certainly  a  fruitful  field— if  some  of  these  boys  were 
left  to  themselves,  if  some  awakening  process  were  not  applied 
to  them  at  this  critical  time  in  their  lives,  it  may  be  fair  to  as- 
sume that  they  might  slumber  to  the  end. 

We  hope  to  make  all-round  mechanics  of  the  majority  of 
the  boys.  Some,  perhaps,  will  prove  capable  of  attainmg  skill 
in  the  operation  of  but  one  tool,  and  in  this  we  will  help  them  to 
their  highest  efficiency.     Of  others  we  will  be  able  to  make  fore- 
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men — and  of  course  there  is  no  limit  to  the  promotion  which 
these  may  achieve.  The  crying  need  of  the  industrial  world  to- 
day is  for  men  who  can  think  as  well  as  work,  and  this  pertains 
all  along  the  line  from  the  bottom  to  the  top.  There  is  more,  too, 
to  be  taught  to  these  boys  than  drawing  and  arithmetic — the 
spirit  of  service  and  willingness,  of  order  and  the  application  of 
system  and  common  sense  to  their  daily  problems.  It  may  also 
be  possible  to  make  them  realize,  and  few  workmen  do,  that 
there  are  many  employers  of  labor  who  are  willing  and  anxious 
to  pay  adequately  for  a  higher  quality  of  workmanship  and 
greater  efficiency. 

We  have  in  the  works  an  apprentice  department  under  com- 
petent instructors — it  is  quite  well  recognized  to-day  that  the 
old  practice  of  turning  boys  loose  in  a  shop,  subject  to  the  ten- 
der mercies  of  the  foremen,  is  an  injustice  both  to  the  boys  and 
their  employers — and  we  intended  at  first  to  keep  the  boys  in 
this  department  for  a  year  and  a  half  or  two  years  before  send- 
ing them  into  the  shop  for  the  remainder  of  tlie  four  years 
course.  Recently,  however,  we  have  adopted  the  plan  of  first 
grounding  the  machinist  apprentices  thoroughly  in  the  construc- 
tion and  use  of  a  standard  machine  tool — a  lathe,  for  instance — ■ 
then  sending  them  into  the  shop  to  gain  a  certain  amount  of  ex- 
perience in  the  operation  of  this  tool,  and  after  this  is  acquired, 
bringing  them  back  and  repeating  the  process  with  another  tool. 
During  their  entire  apprenticeship  the  boys  are  under  the  general 
supervision  of  the  foreman  of  the  apprentice  department. 

To  those  of  the  boys  who  wish  to  broaden  their  studies  the 
night  school  of  which  I  have  already  spoken  is  open,  and  the 
fact  that  at  least  twenty-five  per  cent  of  the  present  trades  ap- 
prentice classes  have  taken  advantage  of  this  opportunity  is  an 
encouraging"  one.  It  is  in  no  sense  a  trade  school,  although  its 
equipment  includes  electrical,  steam,  physical  and  chemical 
laboratories,  a  pattern  shop,  small  foundry  and  machine  shop, 
but  is  intended  to  provide  an  opportunity  for  the  study  of  funda- 
mental engineering  and  its  application  to  shop  practice.  There  is 
also  a  special  course  for  shop  men,  intended  for  those  who  have 
had  long  experience  in  the  trades  and  preparatory  department, 
in  which  spelling,  reading,  writing  and  grammar  are  taught,  for 
young  boys  and  foreigners.  We  have  a  large  number  of  foreign- 
born  employees  and  recently  discovered  that  over  fifty  dififerent 
nationalities  were  represented  among  them. 
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We  also  have  a  two-year  apprenticeship  course  for  graduates 
of  technical  colleges,  this  period  being  spent  in  various  depart- 
ments of  the  works  and  offices.  There  are  several  hundred  men 
enrolled  in  this  course,  which  presents  many  difficult  questions 
in  the  determination  of  its  scope  and  of  the  direction  in  which 
the  work  of  each  man  should  be  guided. 

The  social  and  athletic  side  of  student  life  is  encouraged  and 
the  rooms  and  gymnasium  of  The  Westinghouse  Club,  which  is 
open  to  all  of  the  employees  of  the  Westinghouse  Companies, 
who  largely  support  it,  are  very  well  equipped.  Instruction 
is  provided  through  courses  of  lectures  and  organized  technical 
sections,  as  well  as  by  means  of  less  serious  talks,  excursions,  etc. 

All  of  these  provisions,  involving  a  large  expense  for  what 
might  be  called  industrial  education,  are  of  little  avail  unless  they 
are  administered  in  an  effective  way  and  with  a  thoroughly  sym- 
pathetic spirit,  and  I  have  been  much  impressed  by  the  unselfish 
devotion  and  interest  shown  by  the  men  to  whom  this  work  has 
been  intrusted  or  who  have  volunteered  in  its  behalf. 


EDUCATING   APPRENTICES  ON  THE   SANTA   FE 

F.  W.  Thomas,  Supervisor  of  Apprentices,  Atchison,  Topeka 
&  Santa  Fe  Railway  System,  Topeka,  Kan. — The  present  appren- 
tice system  had  its  birth  when  the  road  was  in  crying  need  of  skilled 
mechanics.  There  was  work  in  abundance,  l)ut  the  laborers  were 
few.  The  management  said,  "If  we  can't  hire  them,  we  will  make 
them." 

In  each  shop  of  this  company,  all  the  way  from  the  great 
lakes  to  the  Pacific  coast  and  down  to  the  Gulf  of  Mexico,  a 
building  or  room  has  been  set  aside  as  the  apprentice  school 
room,  and  in  these  schools  the  boy  is  required  to  spend  two  hours 
a  day,  two  days  a  week.  He  is  taught  free-hand  and  mechanical 
drawing,  practical  shop  arithmetic,  the  simpler  elements  of 
mechanics  and  certain  geography  and  history  relating  entirely 
to  the  road. 

There  is  no  bunching  of  boys  together,  rushing  the  duller 
and  slower  bo3^s  over  the  course,  or  holding  back  the  quick,  en- 
ergetic boys,  but  each  progresses  just  as  rapidly  as  his  ability 
or  capacity  will  permit.  No  text  books  are  used,  but  standard 
lesson  sheets,  written  and  printed  in  the  office  of  the  superin- 
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visor  of  apprentices,  are  sent  to  each  of  the  various  schools.  Each 
lesson  refers  to  some  pant  of  a  locomotive,  car,  shop  tool,  or 
some  feature  common  to  railroad  work. 

Apprentice  school  instructors  are  selected  with  great  care. 
As  a  rule,  young  men  are  preferred  to  older  ones,  as  there  is  a 
greater  tendency  for  younger  instructors  to  "mix"  with  the  boys,  to 
join  with  them  in  their  sports  and  really  become  a  part  of  their 
lives.  The  function  of  school  instructor  is  to  teach  the  boy  to  use 
his  brains  along  with  his  hands  and  eyes,  to  reason  out,  and  to 
understand  the  work  in  the  shop  as  he  progresses. 

We  have  been  endeavoring  to  impress  upon  our  young  men 
the  importance  of  cleaning  up  before  leaving  their  work  at  the 
shop;  to  cease  loafing  on  the  street  or  at  disreputable  places;  if 
they  go  to  shows  or  places  of  amusement,  to  select  the  best 
kind;  to  be  polite  and  courteous.  The  effect  has  been  noted  at 
a  number  of  places — in  fact,  the  personal  appearance  and  social 
conditions  at  some  of  these  places  have  been  revolutionized. 
Such  teaching  has  also  made  them  more  orderly  in  their  work, 
keeping  their  shop  tools,  hand  tools  and  jigs  clean  and  in  the 
right  place.  Wherever  we  have  an  apprentice  school,  it  has  even 
now  a  decidedly  elevating  moral  effect  on  the  shop  body.  The 
school  is  no  longer  considered  an  experiment;  it  is  considered  a 
necessity. 

The  Santa  Fe  is  spending  from  $35  000  to  $40  000  a  year 
training  boys  for  its  future  needs,  yet  with  the  help  of  their 
school  and  shop  instructor,  these  boys  are  accomplishing  enough 
more  work  to  more  than  pay  for  the  cost  of  instructing  them. 
Our  primary  object  is  to  make  mechanics  for  our  shops.  We  can 
hire  all  the  mechanical  engineers,  draughtsmen  and  college  men 
we  want,  but  our  pressing  need  is  first-class  mechanics. 

Any  corporation  that  requires  the  apprentices  to  return  reg- 
ularly at  night  to  attend  school  is  courting  failure.  The  boys 
out  of  whom  we  can  make  our  best  men  have  an  abundance  of 
red  blood  in  their  veins  and  must  have  some  hours  for  recreation 
and  play. 

We  teach  our  boys  that  all  the  brains  in  the  country  are 
not  in  the  medical  or  legal  professions,  or  even  within  the  halls 
of  Congress.  We  teach  them  that  fully  as  many  brains  are  en- 
gaged in  mechanical,  electrical  and  mining  engineering  as  in  the 
other  professions. 
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A    COOPERATIVE    APPRENTICESHIP    SCHOOL 

Samuel  F.  Hubbard,  Superintendent,  North  End  Union,  Bos- 
ton— ^The  North  End  Union  School  of  Printing,  of  which  I  am  to 
speak,  differs  from  the  corporation  school  in  that  it  aims  to  serve 
as  many  different  employers  as  possible,  and  bring  them  together 
into  an  organic  administrative  whole  for  trade  school  purposes. 
It  v^as  started  as  an  evening  school  for  boys  already  at  work  in 
the  trade  of  printing.  Six  years  ago  the  plan  was  entirely 
changed,  a  day  school  was  opened,  which  aims  to  ground  a  boy 
in  the  fundamentals  of  his  trade. 

It  is  a  common  remark  that  the  place  to  learn  a  trade  is  in 
the  trade  itself.  There  is  a  lot  of  truth  in  this  statement,  pro- 
vided the  trade  undertakes  the  training  of  an  apprentice  in  a 
thorough,  systematic  manner;  but  even  then  a  trade  school  can 
make  a  distinct  contribution  to  the  training.  The  conditions  of 
the  modern  shop,  under  which  productive  methods  are  keyed  up 
to  concert  pitch,  are  almost  prohibitive  of  opportunity  to  train 
apprentices  along  with  the  daily  routine  of  work.  If  a  shop  has 
apprentices  enough,  it  can  maintain  its  own  training  school.  The 
wisest  and  most  economical  way  for  several  shops  having  but 
few  apprentices  is  "to  pool  their  issues"  and  open  a  trade  school 
for  the  trade  as  a  whole. 

Trade  schools,  to  be  efi'ective,  must  be  dominated  by  those 
whom  they  serve,  namely,  the  employer  and  employee.  If  sup- 
ported in  part  by  public  funds,  the  town  or  state  supplying  the 
public  funds  should  have  a  representative  on  the  board  of  man- 
agement. The  schoolmaster  will  be  expected  to  present  the  boy 
at  the  door  of  the  trade  school,  not  only  prepared  to  take  up  the 
work  of  trade  training,  but  prepared  for  good  citizenship  as  well. 
This  preliminary  training  should  enable  a  boy  to  think — think 
straight ;  to  think  in  words,  written  and  spoken ;  to  think  in  num- 
bers ;  to  think  in  drawings ;  and  should  give  the  training  which 
enables  the  hand  to  give  expression  to  thought.  All  these  are 
essential  to  the  foundation  of  trade  training. 

The  employer  will  spend  his  money  freely  for  the  most  ap- 
proved machinery.  When  it  comes,  however,  to  training  his  own 
employees  to  meet  the  increasing  demands  for  greater  skill,  or  to 
supply  the  waste  caused  by  depreciation,  it  is  entirely  a  different 
proposition.  The  fact  is,  the  employer  has  got  to  be  educated 
and  made  to  see  his  responsibility  in  the  training  of  apprentices. 
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A    HALF-TIME    SYSTEM    OF    APPRENTICE    INSTRUCTION 

George  G.  Cotton,  Solvay  Process  Company,  Syracuse,  N.  Y. — 
Owing  to  the  peculiar  nature  of  the  work  of  the  Solvay  Process 
Company,  consisting  of  chemical  processes  requiring  continuous  op- 
eration throughout  the  year,  it  is  necessary  to  have  operatives  and 
mechanics  who  have  been  trained  in  the  special  work  of  the 
Company. 

It  was  established  from  an  examination  of  our  shop  records 
that  the  boys  and  men  who  came  into  the  employ  of  the  Company 
comparatively  green  and  learned  their  trade  as  mechanics,  and  are 
now  our  reliable  men  in  their  several  lines,  have  spent  on  the 
average  about  six  years  acquiring  their  branch  of  the  trade.  These 
conditions  require  the  trained  employee  to  give  time  and  atten- 
tion to  the  instruction  of  new  men  and  boys  at  the  cost  of  in- 
terference with  their  own  work  and  with  considerable  trouble 
and  expense  to  the  company.  The  Solvay  Mechanics  School  was 
therefore  established  by  the  Solvay  Process  Company  for  the 
purpose  of  giving  preliminary  training  in  order  to  obviate  the 
difficulties  mentioned.  The  boys  work  one  week  in  the  shop  and 
then  one  week  in  the  school,  being  paid  for  their  time  both  in 
the  shop  and  in  the  school.  Time  in  the  shop  follows  the  regular 
shop  schedule ;  the  school  hours  are  from  8  A.  M.  to  3  P.  M.  with 
a  noon  recess. 

The  school  being  located  in  the  laboratory  building  inside 
the  works  and  near  the  shops,  gives  the  committee  ample  facil- 
ities to  keep  in  close  touch  with  its  workings.  The  school  room 
is  furnished  with  plain  flat-top  tables  with  ordinary  wooden- 
seated  chairs,  and  has  blackboards  on  the  walls.  The  boys  use 
their  shop  tools,  such  as  rules,  dividers  and  calipers,  and  for  the 
purpose  of  demonstration,  we  have  apparatus,  machinery,  tools 
and  parts  of  same,  packing,  lubricants,  oils,  acids,  etc.  Free- 
hand drawing,  mathematics,  strength  and  formation  of  materials, 
mechanics,  equipment,  preparation  of  reports  and  current  topics 
both  written  and  oral  are  taught. 

DISCUSSION 

Walter  R.  Russell,  Director,  Franklin  Union,  Boston,  Mass. 
— The  direct  public  benefit  from  corporation  schools  is  far- 
reaching  and  is  not  confined  to  the  improvement  of  men  in  skill 
alone.  Public  or  independent  continuation  or  improvement 
schools,  organized  with  the  particular  aim  of  supplementing  the 
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daily  work  of  men  in  the  shop,  are  doing  for  many  corporations 
at  once  the  same  work  that  is  being  handled  by  the  larger  com- 
panies for  themselves. 

One  feature  of  the  movement  which  has  thus  far  re- 
ceived only  scant  emphasis  is  the  small  apprentice  school.  Sev- 
eral of  the  most  successful  schools  on  record  have  been  estab- 
lished in  small  shops. 

The  corporation  school,  whether  in  dry  goods  or  railroad 
shops,  is  at  its  best  when  kept  close  to  real  conditions,  and  when 
its  teachers  come  from  the  trade  or  industry  rather  than  from 
school. 

Sydney  JV.  AsJic,  General  Electric  Co.,  Harrison,  N'.  J. — 
I  shall  first  outline  the  educational  work  which  we  are  now  carry- 
ing on  at  Harrison,  New  Jersey,  for  the  General  Electric  Lamp 
Works,  after  which  I  shall  give  a  few  of  my  observations  per- 
taining to  college  graduates. 

The  educational  work  consists  of,  first,  the  training  of  a 
corps  of  college  men;  second,  the  training  of  men  to  sell  lamps; 
third,  the  training  of  the  salesmen  already  in  the  field;  fourth, 
the  training  of  a  corps  of  experienced  men,  who  remain  attached 
to  the  home  office  as  specialists  on  various  subjects;  and,  fifth, 
the  training  of  the  factory  and  office  forces. 

The  greatest  advantage  of  all  of  this  educational  work  is 
that  all  passes  through  one  conmion  center  of  distribution,  and 
owing  to  the  proximity  of  the  factory  to  the  sales  department, 
the  element  of  cooperation  will  be  utilized  to  its  highest  extent. 
This  work  has  been  carried  on  for  about  a  year,  but  has  recently 
been  reorganized  and  expanded. 

The  necessity  for  a  corporation  school  for  college  graduates 
arises  from  the  fact  that  for  four  years  the  average  student  has 
been  accustomed  to  absorbing  knowledge ;  to  having  his  program 
definitely  arranged  for  him,  having  some  one  behind  him  to  push 
him ;  or  in  other  words,  the  whole  atmosphere  has  been  one  of 
absorption.  When  the  young  man  enters  the  corporation  the 
process  is  reversed — it  is  one  of  giving  out,  instead  of  taking  in. 
His  first  year,  therefore,  becomes  one  of  readjustment. 

In  the  past  it  has  been  stated  that  universities  should  give 
special  courses  in  electric  light  and  other  special  subjects.  It  is 
felt,  however,  that  the  purpose  of  educational  institutions  is  to 
concentrate  on  fundamental  principles,  and  it  is  time  enough 
when  the  man  enters  commercial  work  to  learn  the  individual 
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specialties.  In  other  words,  there  is  nothing  the  matter  with  our 
present  college  courses  except  that  it  would  be  to  their  advantage 
to  develop  somewhat  more  the  personal  element  of  the  indi- 
viduals. 


G.  M.  Basford,  Assistant  to  the  President,  American  Locomo- 
tive Company,  New  York,  City — The  boy  is  in  the  shop  and  we 
must  move  the  school  to  him  for  we  cannot  move  him  to  the  school. 
We  cannot  wait  for  the  educators  to  adapt  themselves  to  our  prob- 
lem, but  must  take  it  in  hand  ourselves — hence  the  corporation  school. 
It  meets  the  need  because  the  boys  who  come  to  us  are  those  who 
must  work  every  possible  working  hour  in  order  to  make  a  living. 
They  cannot  afford  to  go  to  school.  Even  if  they  could  learn  trades 
in  trade  schools  they  cannot  afford  to  do  so.  It  is  most  direct  and 
definite  educational  work.  Because  the  boy  is  making  his  place 
among  men  while  acquiring  his  education  and  is  educated  in  his 
work  while  at  work,  this  type  of  school  surpasses  all  others  in 
directness,  definiteness  and  in  conservation  and  concentration  of 
the  attention  of  the  mind  of  the  boy.  To  these  advantages  an- 
other of  great  importance  is  added.  The  boy  does  not  finish  his 
school  work  and  then  find  it  necessary  to  establish  himself  in  a 
working  position.    He  is  already  in  such  a  position. 

It  is  perfectly  safe  to  accept  the  proposition  that  apprentice- 
ship is  to  be  a  permanent  factor  as  an  American  institution.  By 
this  is  meant  the  new  apprenticeship,  involving  real  shop  train- 
ing by  men  who  have  direct  responsibility  for  teaching  trades, 
and  have  time  for  this  work  because  they  have  nothing  else  to 
do.  Trade  schools,  unless  followed  by  apprenticeship,  do  not, 
and  I  believe  can  not,  meet  industrial  need  of  the  times. 

The  movement  was  carried  completely  across  the  continent 
in  two  jumps  by  the  New  York  Central  and  the  Atchison,  To- 
peka  &  Santa  Fe  Railways.  Manufacturers  are  not  likely  to  be 
slow  in  adopting  methods  which  have  so  abundantly  proven 
their  merit  as  these  have  done.  Let  us  also  remember  that  many 
boys  with  the  best  possibilities,  for  one  good  reason  or  another 
are  obliged  to  leave  school  at  an  early  age,  and  that  the  world 
to-day  places  great  responsibilities  upon  men  who  have  risen 
from  the  ranks  of  such  boys. 


SOME  STEAM  TURBINE  CONSIDERATIONS  (Concl.) 

EDWINiD.  DREYFUS 
OPERATING  CONDITIONS 

A  DIFFERENCE  of  opinion  sometimes  exists  among  engineers  as 
to  the  boiler  pressure,  superheat  and  vacuum  most  suitable 
k.     for  turbine  operation.    Quite  naturally,  the  wider  the  limits 
of  the  working  range  of  the  steam,  the  lower  the  water  rate  of  the 
turbine  or  engine  becomes,  due  to  the  greater  amount  of  energy 
made  available  in  one  pound  of  steam,  as  illustrated  by  the  tempera- 
ture-entropy diagram  for  steam,  shown  in  Fig.   12.     Obviously  in 
selecting  power  plant  working  conditions,  it  is  unwise  to  strive  for 
the  highest  efficiencies  in  the  prime  mover  at  a  sacrifice  in  operation 
of  the  boiler  and  condensing  apparatus.     It  is  practicable  at  the 
present  time  to   carry  pressures  as  high  as  250  lbs.,  gauge,   and 
superheats  of  150  degrees  and  above,  as  well  as  to  maintain  a  vac- 
uum as  high  as  29  inches  for  the  greater  part  of  the  time  when  the 
injection    water   temperature   is   65   degrees   and   below.      But   the 
question  logically   arises,   does   it  pay   to   resort   to   these  extreme 
ranges  to  show  the  highest  possible  results  in  the  prime  mover.     A 
brief  review  of  the  factors  to  be  reckoned  with  will  forcibly  in- 
dicate the  use  of  moderate  conditions.    For  increased  pressures,  say 
above  150  lbs.,  the  amount  of  energy  made  available  is  relatively 
much  smaller  than  at  the  lower  ranges.     Furthermore,  high  boiler 
pressures   require  more  expensive  boilers  and  piping,  so  that   175 
lbs.  pressure  is  found  to  be  more  suitable  for  large  units,  while 
for  smaller  machines  the  pressure  might  with  propriety  be  made 
lower.     Superheats   of   100  and    150  degrees  are   entirely   feasible 
with  superheater  tubes  placed  in  the  boiler  setting,  and  up  to  this 
point  the  efficiency  is  not  materially  affected  by  having  the  super- 
heating surface  placed  in  the  second  pass.     It  is  not  advisable  to 
exceed  the  higher  figure  and,  in  fact,  many  engineers  prefer  to  keep 
within    100  degrees,   and  are  supported  by  such  convincing  facts 
as  are  shown  in  Fig.  13.     All  assumptions  in  calculating  this  dia- 
gram were  made  to  favor  high  superheat  so  that,  considering  the 
deterioration  in  the  system  accompanying  the  higher  temperatures, 
TOO  degrees  F.  may  safely  be  taken  as  the  upper  limit.     Higher 
superheats  require  the  best  obtainable  grade  of  pipe  fittings,  and 
the  maintenance  cost  of  the  superheater  and  piping  are  generally 
greater. 
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The  turbine  is  inherently  efficient  in  the  low  pressure  ranges, 
but  the  additional  cost  in  power,  investment  and  maintenance,  to 
provide  for  the  highest  vacuum  obtainable  is  too  frequently  over- 
looked .  Steam  temperatures  at  the  low  absolute  pressures  fall  off 
very  rapidly,  as  the  curve  in  Fig.  14  shows.  This  limits  the  tem- 
perature rise  possible   in   the   injection   water   and   consequently   a 
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This  diagram  can  be  appreciated  without  a  thorough  understand- 
ing of  thermodynamics.  It  need  only  be  borne  in  mind  that  heat  is 
the  product  of  two  factors — absolute  temperature  and  the  rate  of 
heat  transfer  (entropy).  Therefore,  these  factors  may  be  plotted  as 
co-ordinates  and  areas  obtained  representing  the  equivalent  energy 
in  B.  t.  u.  Steam  engine  performances  are  frequently  referred  to 
the  Rankine  cycle  as  a  basis  of  comparison,  such  a  reference  being 
generally  known  as  the  efficiency  ratio  or  thermodynamic  effieciency  of 
the  engine.  The  four  operations  of  the  cycle,  for  simplicity  assumed  to 
take  place  in  the  engine  cylinder,  may  be  appreciated  at  once:  (a) 
heat  is  imparted  to  water;  (b)  heat  of  vaporization  is  supplied;  (c) 
adiabatic  expansion  occurrs  (without  taking  or  giving  up  heat,  being 
consequently  a  vertical  line)  ;  (d)  heat  is  discharged  to  atmosphere, 
receiver  or  condenser. 

greater  quantity  of  water  must  be  handled,  involving  the  expendi- 
ture of  more  power  in  the  auxiliaries.  A  full  appreciation  of  this 
point  will  be  gained  from  Fig.  15. 

EFFICIENCIES 

It  is   of   interest  to   note  how  the   turl)ine  has   surpassed   the 
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economies  established  by  the  most  efficient  reciprocating  engines. 
This  is  indicated  by  the  records  of  both  engines  and  turbines,  given 
in  Tables  III  and  IV.  The  best  engine  economies  that  have  been 
published  have  been  obtained  by  consulting  the  proceedings  of  en- 
gineering societies,  and  the  most  important  tests  are  given  in  Table 
III,  from  which  it  may  be  seen  that  the  most  efficient  engine  has 
shown  itself  capable  of  developing  a  kilowatt-hour  on  about  17 
lbs.  of  steam,  with   175  lbs.  pressure,  80  to  90  degrees  superheat, 

and  28  inches  vacuum. 
This  engine  record  has 
been  improved  about  20 
percent  by  the  turbine,  by 
reason  of  its  ability  to 
carry  out  the  expansion 
of  the  steam  more  com- 
pletely. One  of  the 
straight  double-flow  tur- 
bines of  10  000  kw  ca- 
pacity, installed  by  the 
City  Electric  Company, 
San  Francisco,  Califor- 
nia, has  developed  a  kilo- 
watt-hour with  13.88  lbs. 
of  steam  under  practical- 
ly the  same  operating 
conditions. 

Unfortunately,  state- 
ments regarding  economy 
results  are  often  made  in 
which  only  the  actual 
water  rate  is  given  with- 
out any  reference  to  the 
operating  conditions. 
Such  unqualified  statements  regarding  steam  consumption  are  mis- 
leading and  offer  no  means  of  comparison  with  other  records.  As 
no  two  machines  operate  under  identically  the  same  conditions,  we 
must  look  for  some  measure  of  their  performance.  The  Rankine 
cycle  furnishes  an  adequate  basis,  which  is  the  number  of 
B.t.u.  or  energy  available  between  the  temperature  limits  of  the 
steam.  The  ratio  of  the  B.t.u.  actually  used  by  the  engine  or 
turbine  to  the  amount  theoretically  available,  is  termed  the  Rankine 
cycle  efficiency. 
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Steam  pressure,  175  lbs.,  feed^  water 
temperature,  210  degrees  F.,  specific  heat 
of  superheated  steam  from  Knoblauch 
and  Jakob.  Investment  and  maintenance 
charges  per  kw-hr.  assumed  equal  one- 
half  the  fuel  expense. 
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The  engine  develops  its  highest  efficiency  ratio  in  the  high 
pressure  ranges  and  the  turhine  in  the  low  pressure  ranges.  This 
accounts  for  the  fact  that  a  combined  unit  exceeds  the  best  results 
attained  in  either  type.  Substantial  improvements  can  often  be 
made  in  existing  steam  engine  stations,  condensing  as  well  as  non- 
condensing,  by  the  introduction  of  the  low  pressure  turbine  and  con- 
sequently remarkable  progress  has  been  made  in  this  direction  with- 
in the  last  few  years.  New  stations  are  not  usually  built  along 
these  lines  because  other  factors  of  power  costs,  such  as  labor  and 
investment  charges,  must  be   duly  considered   in   connection   with 

the    efficiency    of    the 
unit. 

Referring  to  the 
operation  of  com- 
plete expansion  tur- 
bines, the  best  ef- 
ficiency results  on 
record  are  those  of 
the  double-flow  con- 
struction,* viz.,  69 
percent.  While  many 
of  the  turbines  in- 
cluded in  Table  IV 
indicate  lower  water 
rates,  in  no  case  is 
as  excellent  an  ef- 
ficiency found.  With 
a  better  understand- 
ing of  the  economic 
value  of  operating 
conditions,  as  previously  exemplified  with  concrete  illustrations,  it 
is  believed  that  engineers  will  cease  to  give  much  weight  to  bare 
water  rates. 

TESTS 

Many  factors  enter  into  the  testing  of  a  turbine,  and  conse- 
quently experience  and  care  must  be  employed  to  ensure  against 
errors  in  observations,  which  may  indicate  false  results.  Obviously 
an  essential  consideration  is   the  correct  measurement  of  the  tur- 
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FIG.     14 — PROPERTIES     OF     SATURATED     STEAM     AT 
LOW    PRESSURES 

Showing  relation  between  temperature  and 
pressure   (Peabody). 


*InchKled  in  a  paper  read  before  the  American  Society  of  Mechanical 
Engineers  by  Mr.  Samuel  Naphtaly,  December,  191  o,  and  the  accompanying 
discussion. 


STEAM  TURBINE  CONSIDERATIONS 


3S1 


bine  output,  and  with  the  precision  obtaining  in  electrical  science, 
meters  thoroughly  calibrated  with  standards  and  applied  properly 
should,  of  course,  introduce  no  errors.  Similar  precautions  and 
reliability  prevail  with  the  steam  measuring  apparatus.  Moreover, 
the  discovery  of  Willans'  Right  Line  Law,  as  applying  to  turbines, 
has  proven  very  beneficial  in  verifying  the  accuracy  of  various  test 
points  at  different  loads.  This  law  establishes  the  fact  that  the 
total  steam  consumption  values  for  the  turbine  at  various  loads  lie 
in  a  straight  line.     Hence  it  serves  to  disprove  any  results  that  fail 
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FIG.      15 — RELATIVE     VALUE     OF     DIFFERENT     VACUA     ON      ULTIMATE     PLANT 
ECONOMY 

A — Actual  reduction  at  the  turbine. 

B — Net  reduction  in  plant  fuel  consumption. 

C— Cost  of  obtaining  the  higher  vacuum,  including  the  greater 
fixed  charges  and  maintenance. 

D — Final  plant  improvement. 

Based  on  2000  kw  turbines  using  surface  condensers  supplied  with 
injection  w^ater  at  an  average  temperature  of  55  degrees  F.  Steam 
pressure  175  lbs.,  superheat,  100  degrees.  Most  economical  arrange- 
ment of  auxiliaries  selected  for  each  vacuum  to  give  best  heat  balance 
Investment  and  maintenance  charges  per  kv^r-hr.  assumed  one-half 
the    fuel    expenses,    burning  $3.00  coal. 

to  rationalize  with  other  tests  that  prove  to  be  regular.  Besides, 
when  the  readings  are  taken  completely,  the  results  may  also  be 
checked  through  thermodynamic  relations.  The  neglect  to  verify 
observations  has  frequently  led  to  the  dissemination  of  more  or  less 
doubtful  information. 
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On  the  other  hand,  tests  may  be  conducted  with  entire  cer- 
tainty.* As  an  example,  a  test  of  a  600  kw  non-condensing  turbine 
generating  unitf  was  made  first  by  independent  hydrauHc  brake 
measurements  on  the  turbine,  and  by  the  separate  loss  method  with 
the  generator;  these  combined  agreed  with  the  over-all  tests  made 
afterward  on  the  assembled  unit.  And  as  another  instance,  tests 
on  two  I  000  kw  turbines  for  the  United  States  Navy  Yards,  au- 
thenticated by  a  Government  representative,  virtually  agreed 
throughout  their  entire  range  of  load.  With  large  turbines  tested 
after  installation,  the  same  uniformity  of  tests  applies,  as  exempli- 
fied in  tests  of   three   10  000  kw  turbines  at  the   Brooklyn  Rapid 
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FIG.    16 — TESTS   ON   THREE    10  000   KW   TURBINES   AT   THE   WILLIAMSBURG 
STATION    OF    THE    BROOKLYN    RAPID    TRANSIT    COMPANY. 

Corrected  to  designed  conditions— 175  lbs.  gauge  pressure,  100 
degrees  F.  superheat,  28  inches  vacuum   (30-inch  barometer). 

Unit  No.  6  tested  Dec.  1908,  No.  7  tested  Nov.  1909,  No.  8  tested 
July,   1910.     The  circles   represent  the  guaranteed  performance. 

Transit  Company  and  given  in  ¥\g.  16.  Only  one  point  (150  per- 
cent overload)  appreciably  departs  from  the  values  established  in 
other  tests,  and  this,  being  the  only  one  out  of  fifteen  load  tests, 
may  be  regarded  lightly  inasmuch  as  it  does  not  conform  with 
the  characteristic  performance  of  this  design  of  turbine.  At  full- 
load  the  maximum  variation  from  the  mean  is  somewhat  less  than 
one  percent  in  the  three  different  machines,  demonstrating  em- 
phatically the  degree  of  accuracy  obtainable  both  in  construction 
and  test  of  the  turbine. 


*See  discussion  on  "Steam  Turbine  and  Turbo-Generator  Testing"  in  the 
proceedings  of  the  American  Institute  of  Electrical  Engineers,  December  1910. 

tSee  "Steam  Turbine  Progress,"  Railway  Club  of  Pittsburg,  May  20, 
1910. 


TESTING  TRANSFORMER  IRON  LOSSES  ON 
THE  SINE  WAVE  BASIS 

THOMAS  SPOONER 

CENTRAL  STATION  managers  and,  in  fact,  most  users  of 
transformers  know  the  importance  of  low  transformer  iron 
loss,  and  many  know  that  the  wave  shape  of  the  terminal 
voltage  affects  the  iron  loss.  With  a  given  transformer,  different 
iron  losses  will  be  obtained  with  different  wave  shapes  of  the  im- 
pressed voltage,  the  measurements  being  made  with  the  same  instru- 
ments and  under  otherwise  apparently  similar  conditions.  In  order, 
therefore,  to  obtain  a  comparison  of  transformers  of  various  manu- 
facture, the  critical  purchaser  has  been  forced  to  resort  to  com- 
petitive tests  under  like  conditions  of  wave  shape,  voltage,  and 
frequency;  or  otherwise  to  demand  that  iron  loss  guarantees  be 
made  on  a  sine  wave  basis.  Competitive  tests  are  usually  both 
expensive  and  inconvenient  and  are  unnecessary  if  proper  testing 
methods  are  employed.  If  the  loss  is  measured,  using  an  ordinary 
voltmeter,  it  may  be  claimed  by  the  producer  that  when  the  loss 
is  high  it  results  from  the  use  of  a  distorted  wave  and  that  a  proper 
loss  would  have  been  found  if  a  sine  wave  had  been  employed. 
Therefore  a  customer  must  have  facilities  for  testing  iron  loss 
in  terms  of  a  sine  voltage,  in  order  to  definitely  decide  whether 
transformers  delivered  to  him  are  acceptable. 

In  a  recent  article*  1t  was  estimated  that  $4000000  are  ex- 
pended annually  for  iron  losses  in  transformers.  This  enormous 
loss  would  probably  have  been  expressed  by  a  figure  nearly  twice 
as  large  except  for  the  advent  of  silicon  steel,  the  keen  competition 
in  transformer  production,  and  the  awakening  of  the  central  sta- 
tion manager  to  the  importance  of  low  iron  losses  in  distributing 
transformers.  This  waste  of  useful  energy  must  be  watched  and 
made  as  low  as  possible  in  every  unit  installed,  since  the  loss  goes 
on  day  and  night  during  heavy  load  and  at  no-load.  Beside  being 
a  direct  expense,  the  iron  loss,  when  excessive,  will  shorten  the  life 
of  a  transformer  due  to  additional  heating  and  roasting  of  insula- 
tion under  heavy  loads. 

Several  methods  for  obtaining  corrected  sine  wave  iron  loss 
have  been  developed,  and  the  present  article  will  point  out  briefly 


*Dr.  M.  G.  Lloyd,  Journal  of  the  Fraiikliit  Jnslltute,  July,  1910. 
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various  features  of  the  three  methods  generally  accepted  as  being 
the  best.  Of  these  methods,  the  one  most  recently  developed  has 
proven  to  be  more  accurate  than  the  others.  It  is,  moreover,  much 
more  convenient  as  regards  time,  labor  and  equipment,  and  the 
necessity  of  competitive  tests  is  done  away  with.  This  method  is 
based  on  the  use  of  what  is  known  as  an  iron-loss  voltmeter,  an 
instrument  which  indicates  the  voltage  of  a  pure  sine  wave  which 
will  produce  the  same  iron  loss  in  a  transformer  as  the  voltage  wave 
of  the  circuit  to  which  it  is  connected  docs  produce.  In  other  words 
the  voltmeter  automatically  enables  the  tester  to  so  adjust  the  volt- 
age that  errors  due  to  distortion  of  wave  shape  from  the  sine  form 
are  corrected.  It  also  eliminates  the  necessity  of  close  frequency 
regulation  during  the  test.  The  readiness  with  which  this  simpli- 
fied method  may  be  applied  and  the  accuracy  obtainable  in  tests  are 
evidenced  by  the  records  which  will  be  described  in  some  detail. 

WAVE    SHAPE   AND   IRON    LOSS 

The  iron  loss  of  a  transformer  consists  of  two  parts,  namely, 
the  hysteresis  loss  caused  by  the  cyclic  magnetization  of  the  iron, 
and  the  eddy  current  loss  caused  by  the  circulation  of  electric 
currents  in  the  iron  or  steel  core  induced  indirectly  by  the  varying 
magnetic  flux.  The  hysteresis  loss  is  dependent  upon  frequency  and 
the  average  value*  of  the  voltage  wave  impressed  upon  the  trans- 
former winding.  The  eddy  current  loss  is  dependent  upon  fre- 
quency and  the  effective  value  of  the  voltage  (r.m.s.  voltage)  im- 
pressed upon  the  winding.  From  this  it  is  evident  than  an  intelli- 
gible expression  of  transformer  iron  loss  must  give,  besides  the 
watt  loss,  the  conditions  under  which  the  test  is  made.  The  frequency 
and  normal  voltage  (r.m.s.  voltage)  are  generally  given,  or  are 
known  from  the  rating  of  the  transformer;  the  value  of  average 
volts  is  not  given  but  today  is  understood  to  be  equal  to  the  effective 
voltage  divided  by  the  form  factor  of  a  sine  wave.  In  testing  trans- 
former iron  losses  it  is  difficult  to  control  these  three  testirtg  "con- 
ditions independently  and  get  iron  loss  readings  in  terms  of  the  stan- 
dard sine  wave ;  hence  the  value  of  a  method  which  will  give  cor- 
rect results  in  terms  of  normal  frequency,  normal  effective  voltage, 
and  the  normal  form  factor. f 


*In  this  article  the  "average"  voUage  refers  to  the  average  of  the  instan- 
taneous value  of  voltage  for  half  of  a  cycle.  The  effective  voltage,  that  ordi- 
narily referred  to  in  practice,  is  the  square  root  of  the  meaii  square  of  the 
instantaneous  value  of  voltages  (root  mean  square).  

fThe  form  factoi"  of  a  voltage  wave  is  the  ratio  of  the  effective  to  the 
average  voltage;  for  the  sine  wave  this  ratio  is  i.ii. 
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TESTING 

Until  recent  years  all  commercial  tests  of  transformer  iron 
losses  have  been  made  by  reading  the  open  circuit  input 
to  the  transformer  with  a  set  of  instruments  consisting  of  a  watt- 
meter, an  alternating-current  voltmeter,  (r.m.s  voltmeter)  and  a 
frequency  meter,  tachometer,  or  some  other  frequency  indicator. 
In  a  testing  laboratory  equipped  with  special  instruments  and 
auxiliary  apparatus  so  that  the  tester  can  control  frequency  ac- 
curately and  can  transform  or  regulate  the  voltage  of  a  good  sine 
wave  generator  without  distorting  the  wave  form,  satisfactory 
tests  can  be  made.  However,  certain  precautions  may  have  been 
neglected  or  certain  disturbing  influences  may  exist  during  any  test 
that  will  cause  distortions  of  the  voltage  wave  impressed  upon  the 
transformer,  and  without  special  means  of  measuring  the  voltage 
form  factor  or  average  volts,  unavoidable  errors  of  several  percent 
may  creep  into  the  final  result  of  iron  loss.  Circuits  with  pure 
sine  wave  voltage  which  are  of  sufficient  capacity  to  test  trans- 
former iron  losses  are  rare,  and  it  is  safe  to  say  that  even  on  such 
circuits  sine  wave  voltage  at  the  terminals  of  a  transformer  under 
test  rarely  exists,  on  account  of  the  combined  distorting  effect 
of  the  resistance  and  reactance  in  the  line,  alternator  arma- 
ture, and  series  coil  of  the  wattmeter.  In  order  then  to  determine 
the  performance  of  a  transformer  it  is  necessary  to  make  the  iron 
loss  test  by  a  method  in  which  wave  shape  correction  can  be  made, 
or  one  that  will  give  the  sine  wave  loss  directly. 

Two  prominent  methods  of  correcting  for  errors  of  form 
factor  are  as  follows : 

In  the  first,  an  oscillogram  of  the  voltage  wave  is  taken  under 
the  testing  conditions,  and  from  it  the  form  factor  of  the  wave 
is  worked  out.  The  result  is  used  to  correct  the  hysteresis  compo- 
nent of  the  watt-loss  observed  at  normal  (effective)  voltage.  This 
method  was  carefully  tried  out  with  a  General  Electric  Oscillograph 
using  both  the  synchronous  tracing  table  and  photographic  films. 
The  results  obtained  were  in  all  cases  within  commercial  limits  of 
accuracy.*  Needless  to  say,  this  method  is  too  expensive  and 
requires  too  much  time  and  equipment  to  be  used  in  commercial 
tests. 

The  second  method  consists  of  rectifying  the  voltage  wave  with 
a  synchronous  commutator  and  reading  the  average  voltage  with  a 


*For  details  of  this  method  and  results  obtainable  see  article  in  the  Gen- 
eral Electric  Review  for  Jan.,  1909. 
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direct-current  or  permanent  magnet  voltmeter.  This  method  will 
give  very  accurate  results  when  a  well  constructed  commutator  is 
used.  The  author  used  a  small  hard  rubber  commutator  with 
copper  segments.  Accurate  work  by  this  method  depends  upon 
perfect  rectification  of  the  wave  of  voltage  so  that  it  is  necessary  to 
direct-connect  the  commutator  to  the  generator  or  drive  it  with  a 
synchronous  motor  which  does  not  hunt.  Both  methods  of  drive 
were  tried  with  about  equal  accuracy.    The  results,  however,  were 

not  comparable  with  those 
obtained  by  Dr.  M.  G.  Lloyd 
and  published  in  an  able 
article  on  the  subject. f 

A  third  method,  that 
of  using  an  iron  loss  volt- 
meter, has  lately  been  tried 
out  by  the  writer,  and  the 
accuracy,  ease  and  quickness 
of  the  method  for  making 
commercial  tests  of  core 
losses  were  surprising  and 
seem  to  warrant  special 
comment. 

A  brief  description  of 
the  function,  construction 
and  method  of  using  the 
iron  loss  voltmeter  will 
serve  to  make  clear  the  test 
data  which  is  to  follow. 
The  complete  meter  is 
shown  in  Fig.  i,  and  a  dia- 
connections  is  shown  in  Fig. 
steel  A,  is  wound  with  a  coil 
B.  This  coil  is  connected  to  the  binding  posts  C  through  the  series 
coils  Z)  of  a  Kelvin  type  wattmeter  movement.  The  shunt 
circuit  consists  of  a  non-inductive  resistance  E,  two  movable  coils 
F,  and  four  adding  coils  G  which  contain  the  same  number  of 
turns  and  are  wound  with  the  corresponding  stationary  series  coils. 
In  reality  then  the  instrument  is,  in  effect,  not  a  voltmeter  but  a 


FIG.     I — IRON    LOSS    VOLTMETER 

gram   of    the   parts   and   electrical 
2.     A   laminated  core  of   silicon 


jDullctiii  of  the  Bureau  of  Standards,  Vol.  IV.,  p.  477. 
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wattmeter  measuring  the  total  loss  in  the  steel  core  and  the  copper 
circuits  of  the  instrument. 

With  the  terminals  of  the  shunt  circuit  connected  as  they  are, 
and  with  the  adding  coils  to  carry  the  shunt  current  around  the 
stationary  ffeld  coils,  the  torque  or  indication  of  the  meter  will  be 
influenced  by  al!  copper  and  iron  losses  in  the  instrument.  There 
are  two  scales  on  the  instrument,  one  marked  volts  and  the  other 
watts.  The  former  is  obtained  by  connecting  the  instrument  in 
parallel  with  an  ordinary  voltmeter  to  a  circuit  having  a  pure  sine 
voltage  and  given  frequency.  The  volt  scale  of  the  iron  loss 
voltmeter  is  then  carefully  calibrated  to  agree  with  the  standard 
voltmeter.  The  second  or  watt  scale  indicates  the  total  watt  input 
to  the  instrument  and  is  a  great  convenience  in  testing,  as  it  enables 
the  instrument  loss  to  be  obtained  without  any  calculation.  Before 
calibrating  the  instrument  the  proportion  of  eddy  current  and  shunt 


FIG.    2 — DIAGRAM    OF    CONXECTIONS    OF    IRON    LOSS    VOLTMETER 

copper  loss  to  hysteresis  is  adjusted  so  as  to  correspond  with  that 
of  the  average  transformer. 

In  measuring  iron  loss  the  use  of  the  instrument  represents 
strictly  a  substitution  method  and  the  following  assumed  tests 
will  serve  better  than  a  theoretical  analysis  to  show  how  the  instru- 
ment automatically  corrects  for  wave  shape  errors.  Assume  a 
transformer  and  a  wattmeter  to  be  connected  to  a  circuit  in  such  a 
way  that  the  wattmeter  indicates  the  iron  loss  in  the  transformer. 
Suppose  also  that  an  iron  loss  voltmeter  and  an  ordinary  alternat- 
ing-current voltmeter  are  connected  across  the  terminals  of  the 
transformer.  The  wattmeter  reading  will  now  also  include  the 
losses  in  the  two  voltmeters.  If  a  pure  sine  wave  voltage  is  im- 
pressed upon  the  transformer,  both  instruments  will  agree  and 
read  say  no  volts.  If  the  wattmeter  reads  130  watts,  the  iron  loss 
meter  25  on  the  watt  scale,  and  the  copper  loss  in  the  other  volt- 
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ireter  is  found  by  calculation  to  be  five  watts,  it  may  be  concluded 
that  tlie  no  volt  sine  wave  iron  loss  of  the  transformer  is 
130  —  (25  -|-  5)  =  100  watts.  Next,  suppose  the  testing  wave  to 
be  peaked  (high  form  factor)  so  that  at  no  volts  (effective)  the 
iron  loss  is  four  percent  low.  In  this  case  the  two  voltmeters  will 
not  agree  and,  since  the  input  to  the  iron  loss  voltmeter  follows  the 
same  laws  as  the  iron  loss  in  the  transformer,  its  internal  loss  will 
also  be  four  percent  low  and  the  meter  will  indicate  24  on  the  watt 
scale.  Under  these  conditions  the  wattmeter  will  indicate  125  watts 
and  the  iron  loss  of  the  transformer  will  be  125  —  (24  +  5)  ^96 
watts,  which  is  four  watts  below  the  sine  wave  value.  If  the  volt- 
age is  now  raised  until  the  iron  loss  voltmeter  again  reads  no  on 
the  volt  scale,  it  will  read  25  on  the  watt  scale  and  the  loss  in  the 
transformer  will  also  be  raised  to  the  value  of  100  watts,  which  is 
the  sine  wave  loss  for  no  volts  as  indicated  by  the  iron  loss  volt- 
meter. The  reading  of  the  ordinary  voltmeter  will  be  higher  than 
1 10  volts  in  this  last  case.  In  case  a  flat  wave  (low  form  factor)  is 
used  in  the  test,  the  iron  loss  voltmeter  will  read  higher  than  the 
ordinary  instrument  and  also,  with  the  latter  reading  1 10  volts, 
the  loss  in  the  transformer  will  be  higher  than  the  sine  wave  value. 
If  the  voltage  is  lowered  so  that  the  iron  loss  voltmeter  reads  no 
volts,  the  input  to  the  transformer  will  again  be  100  watts,  the  true 
sine  value. 

Variation  of  frequency  from  the  normal  value  will  affect  the 
loss  in  the  iron  loss  voltmeter  in  the  same  way  that  it  will  the 
transformer  iron  loss.  Frequency  errors  are  therefore  automatic- 
ally corrected  for  by  the  instrument  in  the  same  way  that  the  wave 
shape  errors  are  corrected. 

Tests  of  the  accuracy  of  the  method  have  recently  been  made 
under  commercial  and  also  under  abnormal  conditions.  The  labor- 
atory was  equipped  with  a  four-pole,  60  cycle,  smooth-core,  in- 
verted rotary  converter  to  the  shaft  of  which  was  coupled  a  12 
pole  revolving  field  booster,  the  armature  of  which  was  connected 
in  series  with  that  of  the  converter.  This  "stationary"'  armature 
could  be  rotated  by  a  tangent  screw  and  the  field  strength  of  the 
booster  was  adjustable  between  wide  limits.  From  this  it  is  evi- 
dent that  a  third  harmonic  voltage  of  any  reasonable  magnitude 
and  with  any  phase  position  with  respect  to  the  fundamental  could 
be  superimposed  upon  the  normal  wave  of  the  60  cycle  machine. 
By  this  means  the  form-factor  of  voltage  could  be  varied  at  will. 
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A  transformer,  wattmeter,  iron  loss  voltmeter,  and  root- 
mean-square  voltmeter  were  connected  in  circuit  as  shown  in  Fig. 
3,  and  tests  were  made  at  60  cycles  with  different  form  factors. 
Iron  losses  were  measured  by  both  the  old  and  the  new  method  on 
each  different  wave  of  voltage.  First,  results  were  taken  with 
the  iron  loss  voltmeter  reading  no  volts.  The  voltage  was  then 
adjusted  until  the  root-mean-square  voltmeter  read  no  volts  and 
another  reading  of  iron  loss  was  taken.  An  oscillograph  tracing 
was  taken  of  each  wave  shape  used  and  from  it  the  form  factor  of 
the  wave  was  worked  out.  In  each  test  the  instrument  losses  were 
subtracted  fron  the  wattmeter  reading  and  the  result  was  the  iron 
loss  for  the  particular  test.  Tests  /  to  7  inclusive,  Fig.  4.  show  the 
waves  that  were  used.  With  each  oscillogram  the  corresponding 
form  factor,  iron  loss  results,  and  errors  are  given  for  the  iron 
loss  voltmeter  method  and  for  the  usual  n^ethod  employing  a  volt- 


FIG.    3 DIAGRAM    OF   COXKECTIOXS    FOR   COMPAR.\TIVE   TEST 

T — Transformer;  G — direct-current  generator;  R — in- 
verted rotary  converter;  B — harmonic  booster;  F — field 
rheostats ;  W — wattmeter ;  Vr — root-mean-square  volt- 
meter; Vi — iron  loss  voltmeter. 


meter  reading  effective  volts.     The  curves  of  Fig.  5  show  graphic- 
ally the  errors  of  the  test  results  obtained  by  the  two  methods. 

Test  /,  Fig.  4.  includes  an  exciting  current  curve.  Test  6  has  a 
form  factor  which  approximates  very  closely  the  normal  or  sine 
wave  form  factor,  although  the  wave  is  very  distorted.  Test  5  is 
the  voltage  wave  of  the  rotary  converter  without  the  booster.  Its 
wave  of  voltage  is  of  almost  pure  sine  form.  It  is  to  be  noted 
that  even  with  the  very  abnormal  wave  of  test  i,  having  a  form- 
factor  of  1.66,  the  iron  loss  voltmeter  test  was  only  1.7  percent  in 
error  while  the  ordinary  test  gave  an  error  of  24.8  percent.  This  test 
also  illustrates  a  condition  for  which  the  iron  loss  voltmeter  automat- 
ically compensates,  but  which  would  be  very  difficult  to  allow  for  by 
any  other  means.     It  will  be  seen  that  the  voltage  wave  passes 
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Iron  Loss  Vm.  Method 
(Curve  A,  Fig.  5.) 

I.L.    Vm.    Reading.  .110.0 
(R.M.S.     Volts     ...130.7) 

Core    Loss    95.8 

Percent   Error    ....    +1.7 
Form  Factor    1.C6 


R.  M.  S.  Vm.  Method 
(Curve  B,  Fig.  5.) 

K.M.S.    Volts    110.0 

(I.L.    Vm.    Reading.   91.9) 

Core    Loss    70.8 

Percent    Error    ....-24.9 
Form    Factor    1.66 


[.L.    Vm.    Reading.  .110.0 
(R.M.S.    Volts    .  ...125.5) 

Core    Loss    95.0 

Percent   Error    +0.85 

Form   Factor    1.38 


R.M.S.   Volts    110.0 

(LL.    Vm.    Reading.   95.8) 
Core    Loss    73.9 

Percent    Error    ....-21.6 
Form    Factor    1.38 


[.L.    Vm.    Reading.  .110.0 

(R.MjS.    Volts     120.1) 

Core    Loss    94.6 

Percent    Error    ....    +0.42 
Form   Factor    1.22  5 


LL.    Vm.    Reading.  .110.0 
(R.M.S.    Volts    ...  .114.6) 

Core   Loss    94.2 

Percent   Error    ....      0.0 
Form   Factor    1.164 


I.L.    Vm.    Reading.  .110.0 
(R.M.S.    Volts     ....110.0) 

Core    Loss    94.2 

Percent    Error    ....      0.0 
Form   Factor    1.110 


LL.    Vm.   Reading.  .110.0 

(R.M.S.    Volts    110.2) 

Core    Loss    94.6 

Percent    Error    ....    +0.42 
Form  Factor    .....      1.113 


LL.    Vm.    Reading.  .110.0 

(R.M.S.    Volts     107.3) 

Core    Loss    94.8 

Percent    Error    ....    +0.64 
Form    Factor    1.05  4 


R.M.S.    Volts    110.0 

(I.L.    Vm.    Readi;:g.  100.3) 

Core    Loss    SO. 5 

Percent    Error    -14.5 

Form   Factor    1.22; 


R.M.S.    Volts    110.0 

(I.L.    Vm.    Reading.105.3) 

Core    Loss    86. 8 

Percent    Error    ....    -7.86 
Form    Factor    1.104 


R.M.S.    Volts    110.0 

(I.L.    Vm.    Reading.110.0) 

Core    Loss    94.2 

Percent    Error    ....      0.0 
Form   Factor    1.110 


R.M.S.    Volts    110.0 

(I.L.    Vm.    Reading.109.8) 

CJore    Loss    94.4 

Percent    Error    ....    +0.21 
Form   Factor    1.1  li 


R.M.S.    Volts    110.0 

(LL.    Vm.    Reading.112.8) 

Core    Loss    99.6 

Percent   Error    ....    +5.73 
Form  Factor    1.054 


FIG.  4 — OSCILLOGRAMS   WITH  TEST  RECORDS 
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through  zero  four  times  more  per  cycle  than  is  the  case  with  the 
ordinary  wave.  This  means  that  the  flux  wave  has  a  dimple  in  it 
and  hence  a  minor  loop  is  introduced  into  the  hysteresis  loop.  This 
produces  a  greater  loss  than  would  otherwise  occur.  It  should  be 
noted  that  this  minor  loop  occurs  both  in  the  core  of  the  iron  loss 
meter,  thus  affecting  its  reading,  and  in  the  transformer  core. 
The  corresponding  current  wave  is  also  shown  in  this  oscillograni 
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KIG.     5 — CURVES     SHOWING    RELATION    BETWEEN    FORM     FACTOR    OF 
VOLTAGE    WAVE    AND    PERCENT    IRON    LOSS     ERROR 

A — Iron  loss  voltmeter  method  of  measurement;  B — 
root-mean-square   voltmeter   method. 

The  iron  loss  voltmeter  inherently  compensates  for  errors 
in  measurement  due  to  form  factor. 

to  bring  out  this  fact  more  clearly.  At  the  moment  at  which  this 
minor  loop  occurs,  it  is  seen  that  the  magnetizing  current  drops  to 
almost  one-half  its  maximum  value  and  then  returns  to  nearly  its 
original  value.  The  marked  bending  at  tlie  bottom  of  curve  B, 
Fig.  5,  is  doubtless  partly  accounted  \  for  by  this  effect. 
Thus  the  iron  loss  voltmeter  inherently  compensates  for  the  efifect, 
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otherwise  the  error  with  the  ordinary  voUmeter  would  have  been 
much  greater  in  test  i.  Test  6  brings  out  an  interesting  feature.  This 
particular  wave,  although  very  much  distorted,  is  found  to  have 
practically  the  same  form  factor  as  a  sine  wave;  with  this  wave 
form  of  voltage,  transformers  might  be  accurately  tested  with  an 
ordinary  voltmeter.  Test  7  shows  practically  the  minimum  form 
factor  which  can  be  obtained  by  introducing  simply  a  third  har- 
monic into  the  fundamental.  If  the  amplitude  of  the  harmonic  is 
increased  or  decreased,  the  foriu  factor  increases. 


X 
12 

10 

\ 

\ 

N^ 

\' 

\ 

\ 

N 

V 

1' 

1 

^ 

\ 

A 

^ 

"^ 

'^ 

\ 

A 

s 

^ 

r. 

^ 

<, 

1 

s 

Tit- 

■>         55         oC         c:         bi         to         53          7U 

lc..„J       1       1       1       1       1       1 

FIG.   6 — CURVES   SHOWING  RELATION   BETWEEN   FREQUENCY 
AND   PERCENT   IRON    LOSS    ERROR 

A — Iron  loss  voltmeter  method;  B — root-mean- 
square  voltmeter  method. 

With  ordinary  commercial  frequency  variations  no 
appreciable  error  occurs  when  using  the  iron  loss 
voltmeter,  as  shown  by  curve  A. 

The  waves  shown  in  the  tests  seem  more  distorted  than  those 
found  in  practice.  This  is  due  to  the  fact  that  the  form  factors 
were  varied  from  maximum  to  minimum  by  shifting  the  phase  rela- 
tion of  a  relatively  large  third  harmonic  from  the  position  of  maxi- 
mum peaking  (test  2)  to  one  giving  maximum  flattening  (test  7). 
Service  conditions  would  have  been  more  nearly  reproduced  if  the 
symmetrical  wave  of  test  2  had  its  harmonic  component  reduced  to 
zero,  reversed,  and  increased  so  as  to  get  successive  steps  between 
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tests  /  and  7.  Such  a  variation  of  the  wave  shape  would  give 
tests  with  symmetrical  waves  but  the  range  of  form  factors  and 
test  results  would  be  unchanged. 

The  curves  of  Fig.  6  show  the  errors  introduced  by  changes 
of  frequency.  The  comparatively  large  errors  at  52  and  50  cycles 
with  the  iron  loss  meters  are  due  to  the  excessive  copper  loss  in 
the  coils  of  the  transformer  caused  by  the  abnormally  large  exciting 
current  which  is  a  characteristic  of  silicon  steel  operated  at  high 
induction.  It  is  evident  from  these  curves  that  no  attention  need  be 
paid  to  the  frequency  in  making  iron  loss  tests  with  an  iron  loss 
voltmeter,  for  the  frequency  of  a  given  circuit  will  never  vary  suf- 
ficiently from  the  normal  value  to  introduce  appreciable  iron  loss 
errors. 

No  attempt  was  made  to  obtain  data  on  the  effect  of  differences 
in  hysteresis  exponents  in  the  transformer  and  the  meter,  as  such 
tests  would  be  rather  difficult  to  make.  However,  it  may  be  shown 
by  a  few  simple  calculations  that  the  possible  error  due  to  this 
cause  is  entirely  negligible  for  any  conditions  which  are  likely  to 
occur.  It  should  be  understood  that  in  practice  the  oscillograph  and 
ordinary  voltmeter  are  not  required  in  making  tests.  They  were 
used  in  the  tests  illustrated  simply  to  show  a  comparison  with  the 
old  method  and  to  show  the  voltage  wave  used  in  making  the 
comparison. 

The  complete  outfit  required  to  test  iron  losses  by  the  iron 
loss  voltmeter  method  simply  consists  of  an  iron  loss  voltmeter  and 
a  wattmeter.  No  errors  of  frequency  or  wave  shape  need  be 
measured  or  even  considered,  and  no  special  precautions  need  be 
taken  in  conducting  tests.  In  all  cases  the  result  will  be  the  equiva- 
lent iron  loss  for  a  sine  wave  shape  and  normal  frequency,  and  the 
test  obviously  can  be  made  more  quickly  and  easily  than  the  custom- 
ary iron  loss  tests  using  an  ordinary  alternating-current  voltmeter. 
Such  a  method  should  appeal  at  once  to  the  man  who  has  trans- 
former testing  to  do;  it  should  rapidly  do  away  with  the  competi- 
tive testing  of  transformer  iron  losses,  and  should  enable  the  pro- 
ducer and  consumer  of  transformers  to  understand  each  other  when 
the  iron  loss  of  a  transformer  is  under  discussion. 


WINDING  OF  DYNAMO-ELECTRIC  MACHINES-XI 

FIELD  COILS 

J.  L.  SMITH 

FIELD  coils  in  both  generators  and  motors  are  subject  to  me- 
chanical stresses  from  various  causes.  \"ibration,  produced 
by  an  engine,  belt,  or  driven  machine,  and,  as  in  the  case /if 
traction  motors,  by  actual  jolting  of  the  whole  motor,  tends  to  dis- 
integrate the  coil  insulation  if  it  is  at  all  brittle,  and  to  chafe  the 
materials  if  any  motion  is  possible.  The  magnetic  reaction  be- 
tween field  coils  and  armature  tends  to  pull  the  coils  away  from 
the  pole  pieces,  thus  producing  stresses  at  the  points  of  support. 
Adjacent  conductors  inside  of  a  coil  tend  to  draw  together,  while 
conductors  on  opposite  sides  tend  to  separate,  thus  causing  a  ten- 
dency to  make  the  coil  bulge.  Heating  tends  not  only  to  weaken 
the  insulation,  but  on  a  large  coil  may  cause  the  layers  to  crawl 
along  one  another,  doing  mechanical  damage  to  the  insulation  be- 
tween turns  unless  this  action  is  prevented  by  suitable  construction. 
In  fields  of  the  rotating  type  the  centrifugal  action  tends  to  throw 
the  coils  off  the  poles,  this  stress  being  so  much  greater  than  the 
magnetic  reaction  having  the  same  tendency  that  the  latter  may 
be  neglected.  In  addition,  the  change  in  stress  as  the  machine  is 
brought  up  to  speed  and  the  excitation  started,  is  very  liable  to 
cause  motion  of  the  coils  unless  they  are  rigidly  braced. 

The  coils  must,  of  course,  be  suitably  insulated  to  prevent 
breakdown  between  turns,  and  from  the  coil  to  the  frame  of  the 
machine.  The  voltage  to  be  withstood  consists  not  alone  of  the 
normal  excitation  voltage  required  to  produce  increased  generator 
potential  under  overload  conditions,  but  the  excessive  voltages  oc- 
casioned by  opening  the  field  circuit  without  a  discharge  resistance, 
or  by  starting  synchronous  apparatus  from  the  alternating-current 
side.  This  voltage  must  be  withstood  at  times  under  the  most  ad- 
verse conditions  of  dirt,  oil  and  moisture,  and  the  insulation  is 
selected  with  this  necessity  in  view. 

In  addition  to  the  electrical  and  mechanical  characteristics 
which  are  absolutely  essential  for  a  field  coil,  other  characteristics 
are  very  desirable.  Thorough  ventilation  is  essential  to  high  efficien- 
cy and  low  cost.  Large,  thick  coils,  with  the  copper  imbedded  in 
a  mass  of  insudation,  are  precluded.  The  ideal  is  to  have  the  bare 
copper  exposed  to  the  air  on  all  sides.  This  has  been  practically 
attained  in  certain  types  of  series  coils  and  strap  coils  for  rotating 
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field  machines,  and  partially  attained  in  strap  wound  shunt  coils. 
Economy  of  space  is  always  desirable,  and  in  railway  and  similar 
types  of  motors  is  of  the  utmost  importance.  Cost  features  re- 
quire that  the  coil  shall  be  easily  wound,  insulated  and  installed, 
and,  when  necessary,  readily  removed  for  repairs. 

To  meet  the  various  requirements  of  voltage,  size,  and  con- 
ditions of  service,  a  great  variety  of  field  coils  is  necessary.  These 
may  be  most  conveniently  classified  according  to  their  method  of 
winding. 

WIRE  COILS 

Shunt  coils  for  the  smaller  machines  and  for  the  higher  volt- 
ages of  fairly  large  machines  are  wound  on  moulds  from  round  or 

square    wire,    which    is    nearly 

always  cotton  covered,  tension 

being   supplied   by   a    form   of 

friction  brake  on  the  reel  from 

which  the  wire  is  taken.     The 

end    turns    of    each    layer    are 

usually  supported  by  strips  of 

tape   or  paper  or  by  cord   so 

K,«r'  ^ini^'linir    ^M    P^sced  as  to  lap  around  them 

V'HP';        ,        ^^v^SB--         5>   ^V    and  be  held  by  the  turns  at  the 

^      '»..  -i     V    'V'J"^^,j^^__/  ^g     center  of  the  coil.    The  wire  is 

usually  w'ound  alternately  right 
and    left,    much    as    thread    is 
wound  on  a  spool.    Where  the 
^  voltage  per  layer  is  high,  this 

FIG.    125 — SHUNT  AND   iNTERPOLE  COILS  construction    produccs    an    ex- 
FOR    30    HORSE-POWER   DIRECT-CURRENT  ^essive  Strain  on  the  cotton  in- 

MOTOR  ,       .  T  , 

sulation.  In  such  cases  a  strip 
of  paper  or  cloth  is  laid  between  the  layers  of  wire  for  about  half 
their  length,  or  the  end  of  the  last  turn  is  insulated  and  carried  com- 
pletely across  the  coil,  all  layers  being  commenced  from  the  same 
end.  Where  coils  are  wound  from  heavy  wire  under  considerable 
tension,  the  layers  are  protected  from  mechanical  injury  at  the  cor- 
ners by  strips  of  heavy  paper. 

The  shape  of  the  coil  is  frequently  rectangular,  with  rounded 
corners,  and  with  all  the  layers  having  approximately  the  same 
number  of  turns,  as  shown  in  Figs.  125  and  126.  Due  to  limita- 
tions of  space,  one  edge  of  the  coil  may  be  beveled  ofif,  or  the  coil 
may  be  of  a  wedge  shape  by  making  the  layers  gradually  shorter  at 
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one  end,  thus  producing  a  stepped  appearance  as  shown  in  Fig.  127. 
The  coils  are  usually  flat,  but  are  sometimes  rounded  to  conform 
to  the  shape  of  the  field  yoke.  Such  coils  may  be  wound  flat,  and 
then  press,ed  into  the  rounded  form  after  winding,  or  may,  espe- 
cially if  of  heavy  wire,  be  wound  on  curved  moulds. 


FIG.     126 — SHUNT    AND     SERIES     COILS     FOR     25O     HORSE-POWER     DIRECT- 
CURRENT    MOTOR 

Joints  in  the  wire  are  avoided  whenever  possible.  When  joints 
are  necessary,  they  are  of  the  wrapped  or  sleeve  type  and  are  as 
unobtrusive  as  possible.    When  suitable  welding  apparatus  is  avail- 


FIG.    127 — ROTATING    FIELD    FOR    50    K.V.A.    GENERATOR    OR 
SYNCHRONOUS    MOTOR 

able,  an  electrically  welded  butt  joint  is  very  satisfactory  on  the 
larger  sizes  of  wire  and  for  copper  strap.  The  joint  is  filed  smooth, 
to  remove  all  sharp  corners,  and  taped  so  as  to  have  the  same  in- 
sulating value  as  the  rest  of  the  wire. 

The  wire  from  which   the  coils  are  wound  is  liable  to  break 
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off  if  subjected  to  vibration  or  bending.  For  tliis  reason  the  ends 
are  tied  in  place  in  the  coil,  and  leads  of  stranded  wire  or  strap 
copper  are  soldered  on  and  brought  to  the  outside  of  the  coil.  The 
lead  from  the  inside  is  always  crossed  over  the  body  of  the  coil, 
so  that  no  connections  are  made  close  to  the  iron.  The  terminals 
for  coils  of  large  size  are  usually  made  from  thin  copper  leaf  to 
avoid  bulkiness  in  crossing  the  coil. 


Fin.    T2cS — SERIES  AND  INTERPOLE  COILS   FOR  50  HORSE-POWER 
RAILWAY   TYPE    MOTOR 

Wire  wound  coils  have  generally  been  taped  over  the  outside 
to  provide  mechanical  protection  to  the  coil.  The  present  tendency, 
however,  is  to  use  as  little  outside  covering  as  possible,  in  order  to 
provide  maximmn  ventilation,  the  coils  being  simply  taped  or  corded 


FIG.    129 — SHUNT    AND    SERIES    COILS    FOR    60G    KW    DIRECT-CURRENT 
GENERATOR 

in  a  few  places  to  hold  the  strands  in  shape,  as  shown  in  Fig.  126. 
In  such  cases,  extra  insulation  is  supplied  on  the  inside  faces  of 
the  coil  to  protect  it  from  grounds. 

After  being  taped  or  tied,  the  coils  are  placed  in  a  tank  in 
which  the  temperature  is  raised  to  a  high  degree  and  the  air  ex- 
hausted, thus  removing  the  moisture  and  air  from  the  coils.  A 
moisture-proof  insulating  compound  in  liquid  form  at  high  tempera- 
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ture  is  run  into  the  tank  until  the  coils  are  immersed;  air  is  then 
readmitted  to  the  tank  under  pressure,  forcing  the  compound  into 
all  parts  of  the  coils.  The  melting  point  of  the  compound  is  higher 
than  any  temperature  the  coils  are  liable  to  reach  in  operation,  so 
that  under  normal  conditions  they  form  solid  and  absolutely  water- 
proof units.  This  compound  is  so  selected  as  to  be  a  good  con- 
ductor of  heat,  and  thus  assists  materially  in  maintaining  a  low 
operating  temperature.  A  final  coating  of  hard,  waterproof  varnish 
gives  a  good  wearing  surface  which  is  easy  to  keep  clean. 

FLAT  STRAP  COILS 

A  very  compact  and  solid  construction  for  both  series  and 
shunt  coils  consists  of  bare  strap  copper  wound  in  a  mould  with 
strips  of  paper  or  asbestos  between  the  turns.  This  type  is  used 
very  extensively  for  railway  type  series  coils,  and   for  shunt  coils 


FIG.    130 — EDGE-WUUNU    STKAP   FIELD    COIL   FOR   200   K.V.A.    KOTATING   FIKLI) 
GENERATOR 

on  large  direct-current  generators  ana  rotary  converters.  On  rail- 
way motors  comparatively  heavy  copper  is  used  with  one  or  more 
strips  of  asbestos  between  turns.  Two  such  coils,  wound  in  oppo- 
site directions,  are  usually  placed  one  above  the  other  with  in- 
sulation between.  The  inside  ends  are  connected  together,  leaving 
the  ends  of  the  complete  coil  at  the  outside,  to  avoid  the  necessity 
for  crossing  the  leads  over  the  coil.  One  of  the  individual  coils  is 
frequently  wound  with  fewer  turns  than  the  other,  and  the  space 
between  them  filled  with  triangular  shaped  insulating  filler,  pro- 
ducing beveled  corners,  and  thus  allowing  a  better  space  factor  "vn- 
side  the  motor. 

Railway  type  coils,  on  account  of  the  necessity  for  rigid  brac- 
ing and  protection  against  the  constant  jar  and  vibration,  are  tight- 
ly wound  with  heavy  cotton  tape.  The  leads  are  of  heavy  flexible 
cable  in  some  types  and  in  others  are  brought  out  to  brass  con- 
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nectors,  tied  to  the  body  of  the  coil,  as  shown  in  Fig.  128.     The 
coils  are  then  vacuum  impregnated  and  varnished. 

This  same  type  of  construction,  with  much  smaller  strap,  is 
used  for  shunt  coils  in  large  generators  and  motors.  The  coils 
are  wound  with  paper  between  turns,  tied  with  cord  or  tape,  and 
impregnated.  Several  of  the  coils  are  then  assembled,  as  shown 
in  Fig.  129,  arranged  alternately  right  and  left,  spaced  by  wooden 
spacers,  but  without  any  other  insulation  between  the  layers.     The 


FIG.    131 — ROTATING   FIELIi   >MK   20O   K.V.A.    SYNCHRONOUS    MOTOR 

Rotor  equipped  with  coils  of  the  type  shown  in  Fig.  130,  and 
with   squirrel   cage  starting  winding. 

spacers  are  so  arranged  that  the  air  has  free  circulation  through 
the  coil  parallel  to  the  shaft  only,  so  that  the  ventilating  air  is 
always  fresh  and  cool.  The  inside  and  outside  of  adjacent  coils 
are  connected  together,  so  that  no  crossing  of  the  coil  with  leads 
is  necessary,  the  ends  of  the  complete  coil  coming  at  the  outside 
end  of  the  first  and  last  layer  of  a  coil  wuth  an  even  number  of 
layers.  Leads  of  flexible  cable  are  usually  soldered  to  the  ends  of 
the  coil  to  prevent  breakage.     Wooden  spacers  prevent  motion  of 
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the  coils  sideways  on  the  poles,  and  the  coils  fit  snugly  against  the 
pole  pieces  circumferentially,  being  separated  therefrom  by  var- 
nished paper  or  other  suitable  insulation. 

FORMER    WOUND    COILS 

The  centrifugal  strains  on  rotating  field  coils  require  special 
precautions   to  prevent  chafing  of  the  insulation.      Specially   rein- 
forced wire   wound  coils  have   proven  very  satisfactory,   and  are 
used  in  some  cases.     A  coil  wound  with  copper  strap  on  edge,  as 
shown  in  Fig.  130,  is  ideal  for  this  service,  as  it  is  practically  im- 
compressible,  and  every  turn  is  exposed  to  the  air.  so  that  the  heat 
is  readily  dissipated. 

These  coils  are  wound  on  a  former  of  sjiccial  construction  so 
that  the  copper  strap  may  be  bent  edgewise  without  crinkling.    They 
are  then  annealed,  and  all  rough  edges  carefully  removed.    Asbestos 

strips     are     placed     be- 
tween    the     turns,     to- 
gether   with    a    binding 
....«»™______™=»— -=.— __-  shellac,    and    the    entire 

\\"~^''   <^^H^HH^^^^^^^^^^^         ^^-^''^    ^^     compressed    in 
^    -       •  ^^^^^^^^^^^^^^^^^'  a   press    and    subjected 

to      sufficient     heat     to 
drive    oft'    all    moisture 
FIG.  132— iNTERPOLE   COIL    FOR   6oo    K\v    DIRECT-    ^j-,fj      conibustiblc      ma- 

CURRENT  GENERATOR  ^       .    ,         „.,  ... 

tenal.  ihe  coil  is  care- 
fully insulated  from  the  pole  pieces,  but  no  insulating  material  is 
placed  over  the  outside.  All  the  coils  are  formed  alike,  but  have 
the  leads  arranged  so  as  to  be  alternately  right  and  left,  the  con- 
nections between  coils  coming  alternately  at  the  top  and  bottom,  as 
shown  in  Fig.  131. 

Compound  and  interpole  coils  for  direct-current  generators  and 
large  motors  are  practically  always  of  the  strap-on-edge  type,  with 
adjacent  turns  separated  by  spacers.  Industrial  motors,  which  are 
liable  to  be  subject  to  moisture  and  dirt  have  the  individual  turns 
taped  altogether,  as  shown  in  Fig.  125,  or  separately,  as  in  Fig.  126; 
other  types  have  the  end  turns  taped  as  in  Fig.  132  to  decrease 
surface  leakage,  while  on  many  types  no  taping  is  done  whatever, 
as  shown  in  Fig.  129.  Tlie  spacing  of  the  turns  may  be  done  by 
wooden  or  fiber  blocks,  as  shown  in  Fig.  126,  or  by  insulated  bolts, 
with  insulating  washers  between  turns,  as  shown  in  Figs.  129  and 
132.  Where  great  conductivity  is  desired,  rather  than  use  copper 
of  excessive  cross-section,  several  turns  are  connected  in  parallel,  as 
shown  in  Figs.  132  and  133. 
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No  impregnation  is  necessary  with  the  strap-on-edge  coils  of 
either  open  or  closed  type,  as  no  absorbent  insulating  materials 
are  used.  They  are  shellaced  to  a  black,  glossy  surface,  which  is 
moisture  repellant  and  is  easy  to  clean. 

TESTING 

No  elaborate  tests  are  required  for  iield  coils.  Usually  wire 
wound  coils,  especially  those  with  many  turns  of  fine  wire,  are 
tested  for  open  circuits  by  a  test  lamp  or  magneto.  If  a  break  is 
found,  it  is  usually  due  to  a  faulty  connection  at  the  joint  with  the 


FIG.  133 — FIFLD  COll.S  FOR  750  K.V.A.,  25O  VOLT  ROTAKY  CONVERTFR 

flexible  terminal,  which  can  be  remedied  without  rewinding  the 
coil.  If  the  tension  on  the  reel  during  winding  has  been  too  great, 
the  wire  may  be  broken  in  one  or  more  places  but  held  by  the  in- 
sulation. This  will  show  up  in  test,  and  the  coil  must  be  rewound. 
The  test  for  short-circuits  consists  in  placing  the  coil  over  a 
laminated  iron  core,  which  is  magnetically  excited  by  an  alternating 
current.  Sufficient  current  will  be  generated  in  a  short-circuited 
turn  to  cause  severe  local  heating,  which  can  readily  be  detected. 
As  a  further  test  and  check  on  the  winding  process,  the  resistance 
of  the  coil  is  measured  both  hot  and  cold,  to  determine  whether  the 
specifications  have  been  met  in  this  regard. 
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535 — Series  vs.  Parallel  and  Lap  vs. 
Wave  Windings — a — In  the  de- 
sign of  direct-current  generators 
and  motors  when  and  why  are 
series  and  parallel  armature  wind- 
ings used?  b — In  a  motor-gener- 
ator set  comprising  a  9000  volt, 
25  cycle,  Y-connected  motor  and 
a  4150  volt,  60  cycle,  Y-connected 
generator  with  grounded  neutral, 
a  lap  winding  is  used  in  the  mo- 
tor armature  while  a  wave  wind- 
ing is  used  in  the  armature  of 
the   generator.     Why?         d.  d.  h. 

a — The  form  of  winding  used 
depends  upon  the  characteristics 
and  size  of  the  apparatus.  Gener- 
ally speaking,  the  limitation  of  the 
series  winding  is  the  amount  of 
current  which  can  be  carried  by 
one  armature  circuit.  A  direct-cur- 
rent "series"  winding  consists  of 
two  circuits,  therefore  the  current 
per  circuit  is  in  this  case  equal  to 
one-half  of  the  total  armature  cur- 
rent of  the  machine.  Where  the 
value  of  this  current  exceeds  what 
has  been  found  consistent  with 
good  practice,  then  it  becomes 
necessary  to  arrange  more  circuits 
on  the  armature,  each  circuit  car- 
rying part  of  the  total  current.  In 
this  case  the  "parallel"  winding  is 
usually  resorted  to.  As  is  w;ell 
known,  this  winding  is  one  having 
a  number  of  circuits  equal  to  the 
number  of  poles  of  the  machine. 
However,  the  choice  of  series  or 
parallel  windings  is  usually  not 
only  determined  from  the  amount 
of  current  to  be  handled  but 
is  greatly  influenced  by  con- 
siderations of  commutation  and 
mechanical  design — points  requir- 
ing as  careful  attention  as  that  of 
the  amount  of  current  to  be 
handled,  b — The  alternating-cur- 
rent lap  and  wave  windings  used 
in  the  case  cited  are  adopted  pure- 
ly  for   mechanical    reasons.      It    is 


customary  with  some  manufactur- 
ers to  use  wave  windings  wherever 
the  current  to  be  handled  permits 
the  use  of  a  conductor  of  sufficient 
size  to  form  it  into  a  wave-shaped 
coil  and  where  the  number  of  coils 
in  the  slot  does  not  become  too 
large,  this  being  objectionable  on 
account  of  space  required  for  in- 
sulating these  coils.  Other  manu- 
facturers employ  the  lap  winding 
wherever  possible,  that  is,  in  cases 
where  the  number  of  turns  per  slot 
does  not  become  too  small.  As  a 
general  rule  it  can  be  said  that  the 
wave  winding  often  works  out  to 
advantage  in  cases  of  comparative- 
ly large  machines  for  low  voltage, 
whereas  the  lap  winding  is  prefer- 
able in  cases  of  large  or  small  ma- 
chines for  high  voltage  as  well  as 
for  small  machines  for  low  voltage. 

J.B-W. 

536 — Multiple  Operation  of  Syn- 
chronous Converter  and  Motor 
Generator — We  have  a  300  kw 
synchronous  converter,  a  200  kw 
engine-driven  generator  and  a 
300  kw  motor-generator  furnish- 
ing power  to  a  550  volt  direct- 
current  railwaj^  circuit.  The  mo- 
tor-generator is  provided  with 
inter-poles.  The  characteristics 
of  the  three  machines  are  as 
shown  in  Fig.  536  (a).  We  de- 
sire to  obtain  a  better  division  of 
the  load  on  the  motor-generator 
and  the  converter,  but  are  not 
particular  about  the  engine- 
driven  generator.  You  will  note 
from  the  characteristics  of  the 
two  300  kw  machines  that  on 
light  load  the  voltage  of  the  mo- 
tor-generator is  higher  than  that 
of  the  converter,  but  as  full  load 
is  approached  it  drops  off  very 
rapidly  while  that  of  the  con- 
verter drops  off  very  slightly. 
We  wish  to  adjust  the  shunt  on 
the    motor-generator    so    as    to 


THE  JOURNAL  QUESTION  BOX 


403 


give  it  a  characteristic  more  sim- 
ilar to  that  of  the  converter,  but 
we  fear  that  if  the  shunt  is 
adjusted  so  as  to  give  almost 
equal  compounding  at  full  load, 
then  the  voltage  of  the  motor- 
generator  on  light  load  will 
be  much  above  thaf;  of  the 
converter  and  make  adverse 
operating  conditions.  How 
should  these  two  machines  be 
compounded  for  multiple  opera- 
tion? The  commutation  on  the 
motor-generator  seems  to  be 
poor,  sparking  being  excessive  at 
full-load.  What  is  the  function 
of  the  inter-pole?  b.  m.  c. 

It  is  assumed  that  the  gener- 
ator of  the  motor-generator  set 
and  the  synchronous  converter  are 
compound  wound  and  are  properly- 
connected  by  means  of  the  equal- 
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FIG.    536    (a)— REGULATION   CURVES 
Full  line  =  motor-generator;   300  kw. 
Broken     line  =  engine'     No.     4     generator; 
200   kw. 

Dot-and-dash   line  =  converter;    300    kw. 

izer  leads.  As  the  two  machines 
operate  at  present,  the  converter 
takes  more  than  its  share  of  the 
load  at  full-load  and"  above.  To 
secure  better  parallel  operation  the 
characteristics  of  the  converter 
will  have  to  be  changed  to  more 
nearly  approximate  those  of  the 
direct-current  generator.  Ordinar- 
ily, the  series  field  of  the  converter 
should  be  shunted  in  order  to  give 
it  more  of  a  drooping  voltage  char- 
acteristic. Shunting  its  series  field, 
however,  shunts  the  series  field  of 
the  generator  as  well.  Therefore, 
in  addition  to  shunting  the  series 
field  of  the  converter,  a  small  re- 
sistance   should    be    placed    in    the 


equalizer  lead.  This  resistance  will 
prevent  the  shunting  of  the  gener- 
ator field  and  may  remedy  the 
trouble.  However,  this  method 
can  not  always  be  applied.  A  the- 
oretically correct  method  of  ad- 
justment is  to  insert  a  resistance 
in  the  series  field  of  the  machine. 
See  article  on  "Parallel  Opera- 
tion," by  Mr.  H.  L.  Beach,  in  the 
Journal  for  Nov.,  1909,  p.  68r, 
and  Nos.  352  and  424.  Still  an- 
other way  to  take  care  of  the 
condition  would  be  to  reverse 
the  series  field  of  the  converter 
thus  bucking  the  shunt  field, 
and  to  shunt  the  series  field 
sufficiently  to  prevent  too  much  of 
a  drooping  characteristic.  It  may 
be  necessary,  in  order  to  obtain  the 
desired  results,  to  insert  additional 
reactance  in  the  alternating-cur- 
rent circuit  of  the  converter.  This 
will  depend  upon  the  amount  of  re- 
actance now  in  the  circuit  and  can- 
not be  determined  without  having 
complete  information  regarding 
the  apparatus  that  is  in  the  circuit. 
The  function  of  the  inter-pole  is  to 
give  a  fixed  neutral  position  for  the 
brushes  at  all  loads.  This  neutral 
position  is  maintained  constant  by 
the  inter-poles  and  the  inter-pole 
windings  which  are  placed  in  series 
with  the  armature  and  whose 
strength  is  thus  proportional  at  all 
times  to  the  armature  current.  To 
secure  proper  results  from  inter- 
poles  two  things  are  necessary. 
« — The  inter-pole  winding  must  be 
of  the  right  strength.  b — The 
brushes  must  be  set  on  the  right 
position,  which  is  the  mechanical 
or  no-load  neutral  of  the  machine. 
Inter-pole  coils  are  usually  wound 
with  ampere-turns  slightly  in  ex- 
cess of  actual  requirements  and  a 
small  shunt  is  used  for  securing 
just  the  right  current  in  the  inter- 
pole  winding.  The  peculiar  droop 
in  curve  B  is  probably  due  to  the 
action  of  the  governor  of  the  en- 
gine driving  this  unit. 

J.  B-\V.  &  W.  A.  D. 

537— Connections  for  Oil  Switch 
Trip  Coils — In  a  three-phase- 
four- wire  system  a  third  overload 
trip  coil  has  been  added  on  the 
oil  switches.  Would  this  be  nec- 
essary on  a  balanced  load  of  other- 


404 


THE  ELECTRIC  JOURNAL 


Only  two  trip  coils  are  required 
if  the  series  transformers  are  Z- 
connected.  Trip  coil  No.  /  protects 
against  overload  on  lines  A  and  B, 
and  trip  coil  No.  2  protects  against 
overload  on  B  or  C.  It  will  be 
found,    also,    on    careful    examina- 


Fig.    537    (a) 

tion  of  this  diagram,  that  in  case 
of  ground  or  short-circuit  between 
any  two  lines,  the  two  trip  coils 
furnish  complete  protection.  See 
discussion  and  reference  regard- 
ing the  Z-connection  in  No.  97. 

538 — Connections  for  Operating 
Either  of  Two  Alternators  with 
a  Single  Tirrill  Voltage  Regula- 
tor— Two  alternators,  one  a  tur- 
bo-generator of  800  k.v.a.  and 
the  other  an  engine  type  unit  of 
100  k.v.a.  capacity,  provided  with 
separate  exciter  units  supply 
power  and  lighting  load  in  a  fac- 
tory and  in  an  adjacent  town. 
Ordinarily  the  main  generators 
will  not  be  operated  in  parallel, 
however,  they  may  be  at  times. 
It  is  not  probable  that  there  will 
be  occasion  to  operate  the  ex- 
citers in  parallel.  A  Tirrill  regu- 
lator is  provided  for  use  primar- 
ily in  connection  with  the  800 
k.v.a.  alternator.  It  is  desired, 
however,  to  provide  such  addi- 
tional switchboard  connections 
as  may  be  required  to  make  it 
possible  to  use  the  regulator  in 
connection  with  the  100  k.v.a. 
alternator  when  the  larger  ma- 
chine is  shut  down,  at  times  of 
light  load  such  as  occurs  during 


part  of  the  night.  Both  units  can 
be  arranged  for  connection  to 
bus-bars,  so  that  one  voltage 
transformer  will  be  sufficient,  but 
it  is  presumed  that  a  series  trans- 
former of  suitable  capacity  will 
be  required.  Please  indicate  such 
switches  or  other  devices  as  will 
be  needed  and  show  arrangement 
of   circuits.  L.  s.  H. 

It  is  not  obvious  from  the 
question  where  it  is  proposed  to 
locate  the  series  transformer. 
However,  the  desired  results  can 
be    obtained   by    one    of   the    three 
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Figs.   538    (a),    (b)   and    (c) 

following  methods  of  connection, 
the  one  most  applicable  being  de- 
pendent upon  the  arrangement  of 
connections  between  two  alter- 
nators and  the  bus-bar.  If  a  series 
transformer  can  be  located  as  in 
Fig  538  (a),  and  both  generators 
are  on  the  same  side  of  the  series 
transformer,  no  transfer  switch  is 
required  to  connect  to  one  or  the 
other    generator,   because   the    one 
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series  transformer  takes  care  of  the 
entire  load.  Connection  to  the 
shunt  and  series  transformers 
could  then  be  made  as  shown  in 
the  diagram.  If,  however,  both 
generators  are  permanently  con- 
nected to  the  same  bus-bars  but  it 
is  not  convenient  to  put  the  series 
transformers  on  the  bus-bars,  e.  g., 
because  of  their  size,  connections 
can  be  made  as  in  Fig.  538  (b).  It 
will  be  noted  that  the  series  trans- 
formers on  the  two  generator  cir- 
cuits are  connected  in  parallel  and 
that  taps  are  brought  out  from  the 
parallel  connections  for  the  Tirrill 
regulator.  This  connection  could 
be  used  only  where  the  line  lead- 
ing from  the  generator  to  the  bus- 
bar, or  some  portion  of  this  line, 
is  used  exclusively  for  this  con- 
nection. If  it  is  not  possible  to  lo- 
cate the  series  transformers,  as  in 
Fig.  538  (b),  in  such  a  place  that 
they  will  receive  the  current  only 
when  it  flows  to  the  bus-bar  in 
question,  connections  may  be  made 
as  in  Fig.  538  (c).  Here  a  two- 
pole  transfer  switch  is  required. 
When  this  switch  is  thrown  to  the 
left,  the  left-hand  series  transform- 
er is  connected  to  the  Tirrill  regu- 
lator and  the  right-hand  series 
transformer  is  short-circuited. 
When  the  switch  is  thrown  to  the 
right,  the  right-hand  series  trans- 
former is  connected  to  the  Tirrill 
regulator  and  the  left-hand  trans- 
former is  short-circuited.  Fig.  538 
(c)  shows  also  a  single-pole, 
double-throw  switch  for  changing 
the  shunt  connections  from  one 
line  to  the  other.  This  switch  is 
not  necessary  in  case  only  a  single 
shunt  transformer  is  required, 
which  may  be  connected  to  the 
bus-bars.  h.  w.  b. 

539 — Number  of  Transformers  Re- 
quired for  Compensator  on 
Three-Phase  Circuit — We  have 
been  operating  a  200  kw,  three- 
phase  generator  in  our  station 
for  some  time  as  a  single-phase 
unit,  but  recently  it  has  been  re- 
quired for  three-phase  distribu- 
tion. A  voltage  compensator  is 
to  be  provided  at  the  power  sta- 
tion. The  switchboard  connec- 
tions are  practically  as  indicated 


m  the  diagram.  Fig.  539  (a).  The 
connections  for  the  compensator 
and  its  voltmeter  are  as  shown 
in  Fig.  539  (b).  With  single- 
phase^  operation,  but  two  series 
transformers  were  required  in 
connection  with  the  three  amme- 
ters. The  question  now  arises  as 
to  the  proper  method  of  con- 
necting the  compensator  on  the 
three  phases,  using  the  same  two 
series  transformers  for  the  com- 
pensator and  the  ammeters. 
Please  give  correct  arrangement 
of  circuits.  c.  M.  g. 

Ordinarily,  two  series  trans- 
formers may  be  connected  as  in 
Fig-    539    (a)    so    that   the    current 
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Fig.  539    (a),   (b)   and   (c) 

from  each  one  is  proportional  to 
the  current  in  one  line,  and  the  re- 
sultant of  the  two  transformers  is 
proportional  to  the  current  in  the 
third  line.  However,  this  method 
of  connection  is  not  suitable  for 
use  with  a  voltage  compensator  be- 
cause each  line  of  the  compensator 
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should  connect  to  the  incoming 
end  of  one  transformer  and  to  the 
outgoing  end  of  the  other,  as  in 
Fig.  539  (b),  whereas  the  common 
line  from  the  two  transformers  to 
the  ammeters  must  connect  to 
corresponding  ends  of  both  trans- 
formers. A  method  of  connecting 
by  means  of  three  transformers  is 
shown  in  Fig.  539  (c).  Two  trans- 
formers are  used  with  the  amme- 
ters, and  two  with  the  compen- 
sator, the  left  hand  transformer  be- 
ing used  for  both  compensator  and 
ammeters.  h.  b.  w. 

540 — Special    Grounded    Polyphase 
Transformer   Connections  —  The 

two  transformer  connections  in- 
dicated in  Figs.  540  (a)  and  (b) 
are  in  use  on  a  local  power  sys- 
tem. They  operate  satisfactor- 
ily, but  I  would  like  some  fur- 
ther information  regarding  them. 
Fig.  540  (a)  represents  a  three- 
phase — four  wire  23  000  volt  sys- 
tem connected  in  Y  with  the 
middle  point  grounded,  and  sup- 
plying power  to  three-phase  mo- 
tors at  450  volts,  a — Does  this 
give  a  perfectly  balanced  three- 
phase  system?  Will  you  kindly 
explain:  b — The  name  of  this 
connection?  c — The  secondary 
voltage  relations?  d — What  per- 
cent of  full  load  can  the  motors 


carry: 


-The    currents    in    the 


various  windings  of  the  motor? 
Fig.  540  (b)  represents  two- 
phase  motors  operated  from  a 
three-phase — four-wire  4400  volt 
line  with  middle  point  grounded. 
/ — Does  this  give  a  perfectly 
balanced  two-phase  system?  g — ■ 
What  are  the  voltages  across  the 
motor  terminals?  /; — What  are 
the  currents  in  the  various  mo- 
tor windings?  i — What  percent 
of  full  load  can  the  motors 
carry?  F.  t.  p. 

a — The  secondary  voltages  and 
currents  are  balanced  in  three- 
phase  relation.  The  line  current  in 
the  neutral  wire  is  equal  to  \/ 3, 
times  the  current  in  line  B  or  C. 
The  connection  is  the  same  as  the 
ordinary  star-delta  connection  with 
one  transformer  of  the  group  cut 
out.  (See  No.  96,  July,  1908).  It 
should   be   noted   that    the   voltage 


to  neutral  on  a  three-phase,  star- 
connected  system  is  not  one-half 
line  voltage  as  given  in  your  dia- 
grams, but  approximately  58  per- 
cent of  line  voltage.  b — This 
connection  is  ordinarily  called 
open  delta  or  "V".  c — The  second- 
ary voltages  of  all  the  phases  are 
equal  and  form  a  closed  triangle. 
d — The  k.v.a.  on  the  transformers 
is  always  15  percent  greater  than 
the  k.v.a.  of  the  motors.  Hence,  if 
both  have  the  same  rating,  the  mo- 
tors can  carry  but  86.6  percent  of 
the  rating  of  the  transformers 
without  overloading  the  latter,  e — 
The  currents  in  the  motors  are 
normal,  being  exactly  the  same  as 


1       23000  V 

r 

_^^ 

"^^ 

Two  13280  V.  to 
?=•  450  V.  Ttjoj. 

Figs.   54  0    (a)    and    (b) 

if  operating  from  the  ordinary  del- 
ta-delta transformer  connection. 
/ — The  two  phases  are  90  degrees 
apart,  but  badly  unbalanced  as  to 
currents  and  voltages,  g — With 
ratios  of  transformation  and  line 
voltages  as  given,  the  voltages  at 
the  terminals  of  the  motor  are  220 
volts  from  the  10  to  i  transform- 
er, and  140  volts  from  the  9  to  i 
transformer,  h  and  i — With  such 
wide  difference  in  voltages,  the 
phase  at  the  higher  voltage  will 
carry  much  more  than  its  share  of 
the  load.  The  exact  current  distri- 
bution and  load  which  the  motor 
can  safely  carry  depends  on  the  in- 
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dividual  motor  and  cannot  be  de- 
termined unless  its  design  is 
known.  By  using  two  9  to  i  trans- 
formers, connected  in  series  witli 
line  A,  with  the  secondaries  in  par- 
allel, a  very  nearly  balanced  two- 
phase  source  of  power  for  the  mo- 
tor can  be  obtained,  which  will 
give  far  better  results  and  enable 
it  to  carry  a  load  practically  equal 
to  its  full  rating. 

E.  c.  s.  &  A.  M.  D. 

541 — Relation  of  Strain  to  Sag  in 
Over-Head  Conductors — A  river 
is  crossed  by  a  transmission  line 
by  means  of  towers  separated  by 
a  goo  ft.  span.  The  conductor 
which  is  of  No.  o  copper  is  sup- 
ported by  a  steel  wire.  Was  it 
necessary  to  use  a  steel  messen- 
ger wire  to  avoid  excessive  strain 
which  would  result  in  the  copper 
conductor  if  it  were  used  alone? 
Would  you  suggest  hanging  it  in 
catenary  form?  What  would  be 
a   safe   carrying  capacity   in    am- 


peres: 


J.  K. 


The  tension  in  a  conductor 
carried  between  two  supports  of 
the  same  height  is  proportional  to 
the  square  of  the  span  and  inverse- 
ly proportional  to  the  deflection  or 
sag.  This  may  be  expressed  as  a 
formula  thus:  For  copper,  T  = 
0.486  X  52  -f-  d,  in  which  T  equals 
strain  in  lbs.  per  sq.  in.  in  wire;  S 
equals  span  in  feet;  and  d  equals 
deflection  in  feet.  For  aluminum, 
the  constant  becomes  0.147.  Hav- 
ing obtained  the  value  of  T  for  a 
given  case,  the  actual  pull  in  lbs. 
per  sq.  in.  may  be  derived  by  mul- 
tiplymg  this  value  by  the  area  of 
cross-section  of  the  conductor  ex- 
pressed in  equivalent  square  inches. 
Thus,  in  the  present  case  the  strain 
in  lbs.  per  sq.  in.  would  equal 
0.486  X  goo-  divided  by'  the  maxi- 
mum allowable  deflection  in  feet, 
the  latter  being  determined  by  the 
clearance  required  for  the  con- 
ductors above  the  river  level.  As- 
suming that  the  towers  are  of  suffi- 
cient height  above  the  water  level 
to  allow  of  a  sag  of  50  feet,  the 
strain  would  then  be  7870  lbs.  per 
sq.  in.,  which  with  a  No.  o  wire 
would  represent  a  tension  of  660 
lbs.  per  sq.  in.  Without  all  data 
being  furnished  it  cannot  be  deter- 


mined whether  or  not  the  steel 
messenger  was  required  to  avoid 
excessive  tension  in  the  copper 
conductor.  It  may  be  that  the  con- 
ditions were  such  that  the  allow- 
able sag  was  so  limited  as  to 
necessarily  involve  a  high  tension 
in  the  wire,  thus  requiring  a  steel 
wire.  It  should  be  noted  that  the 
allowable  sag  is  also  limited  by  the 
possibility  of  the  wires  swinging 
together,  especially  with  long 
spans.  Bi-metallic  conductors,  con- 
sisting of  a  copper  conductor  hav- 
ing a  steel  center,  are  sometimes 
employed  to  meet  such  conditions. 
The  carrying  capacity  of  the  con- 
ductor in  the  case  in  question 
would  be  limited  only  by  the  tem- 
perature at  which  the  copper  un- 
der tension  would  become  soft- 
ened, but  the  question  of  allowable 
line  loss  would  probably  limit  the 
current  to  a  much  lower  value. 

p.  M.  L. 

542 — Wattmeter  Measurements  of 
True  and  Wattless  Power— Re- 
ferring to  Fig  II,  "Meter  and 
Relay  Connections,"  in  the 
Journal  for  May,  igog,  p.  306, 
which  shows  the  method  of 
measuring  true  power  and  watt- 
less volt-amperes  by  means  of  a 


Figs.  542  (a)  an  J  (b) — Wrong  method  of 
connection  for  measurement  of  wattless 
volt-ami3eres 

single  polyphase  meter  and  a 
four-pole,  double-throw  switch, 
please  explain  why  shunt  trans- 
formers with  50  and  86.6  percent 
taps  are  specified  for  obtaining 
the  wattless  volt-amperes  of  the 
power  circuit.  Consider  the  reg- 
ular vector    diagram    for    three- 
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phase  measurements  as  shown  in 
Fig.  542  (a) ;  combining  voltage 
AB  with  the  current  in  BO 
gives  a  measurement  of  true 
power  and  combining  voltage 
AB  with  current  CO  or  voltage 
AC  with  current  BO  would  give 
a  measure  of  wattless  volt-am- 
peres. If  the  transformers  are 
connected  in  star  the  currents 
will  have  a  phase  difference  of 
120  degrees  and  the  voltages  will 
have  a  phase  difference  of  60  de- 
grees, the  same  as  though  the 
transformers  were  connected  in 
V.  Then  voltage  AB  is  90  de- 
grees from  current  CO  and  like- 
wise voltage  AC  is  90  degrees 
from  current  BO.  As  the  condi- 
tions are  represented  in  Fig.  11 
(b)  of  Mr.  Brown's  article,  the 
voltages  are  120  degrees  apart 
and  the  currents  likewise,  they 
being  combined  at  120  de- 
grees. I  do  not  understand  why- 
it  is  necessary  to  shift  the  volt- 
age 30  degrees  (by  means  of  86.b 
percent  taps)  in  order  to  obtain 
the  correct  measurement.  Un- 
less there  is  some  very  serious 
objection  to  measuring  the  watt- 
less volt-amperes  as  I  have  out- 
lined, it  seems  to  me  it  would  be 
much  simpler  and  would  neces- 
sitate no  special  transformers. 

s.  w. 

If  a  method  such  as  that  pro- 
posed above  is  used  for  measuring 
the  wattless  component,  the  value 
of  the  voltage  applied  to  the  meter 
should  be  the  same  as  from  any 
one  line  to  neutral  and  not  the 
voltage  between  lines.  Also,  three 
series  transformers  would  be  re- 
quired, one  on  each  line,  in  order 
to  measure  the  total  volt-amperes 
in  all  three  lines;  with  only  two 
transformers  the  power  measured 
woulcT  be  that  of  two  lines.  The 
fallacy  of  your  argument  may  be 
illustrated  numerically  as  follows: 
Assume  a  current  of  five  amperes 
on  each  line,  and  a  voltage  be- 
tween lines  of  100  volts.  At  100 
percent  power-factor  the  true 
watts,  which  a  wattmeter  should 
indicate,  will  be  the  same  as  the 
volt-amperes — namely,  1.732  x  5  x 
100  =  866  watts.  It  is  evident  that 
a   wattmeter   with    the    usual    con- 


nections will  read  this,  because  the 
current  in  each  current  winding  is 
30  degrees  out  of  phase  (cos  30  de- 
grees =  .866)  with  the  correspond- 
ing voltage,  and  the  watts  on  each 
phase  will  be  0.866  x  5  x  100  =  433 
watts.  At  zero  power-factor,  with 
the  same  current  and  voltage,  the 
wattless-component  meter  should 
indicate  the  same  as  above,  but  the 
current  will  be  exactly  in  phase 
with  the  voltage,  and  the  meter 
will  indicate  for  each  phase,  5  x  100 
apparent  watts,  or  for  both  phases 
1 000  apparent  watts,  instead  of 
866.  Furthermore,  with  unbalanced 
loads  your  connections  would  give 
readings  inconsistent  with  them- 
selves. For  example,  if  this  cur- 
rent is  flowing  only  in  A,  and  lag- 
ging by  an  angle  of  90  degrees,  . 
and  it  returns  through  B,  the  indi- 
cation on  the  wattless  component 
meter  due  to  this  current  will  be 
5  X  100  apparent  watts.  But  if  it 
flows  through  C  and  returns 
through  A,  Fig.  542  (b),  the  meter 
will  indicate  differently  because 
the  current  will  flow  through 
both  sides  of  the  meter.  The 
indications  are  inconsistent,  be- 
cause in  reality  the  wattless 
component  is  the  same  in  the 
two  cases.  In  the  article  referred 
to  the  right  phase  relation  is  es- 
tablished by  merely  shifting  the 
voltage  through  an  angle  of  90  de- 
grees from  its  position  for  meas- 
uring true  watts,  so  that  instead  of 
indicating  the  product  of  volts  and 
amperes  in  phase  with  each  other, 
the  meter  indicates  the  product  of 
volts  and  amperes  in  quadrature 
(i.e.,  90  degrees  out  of  phase)  with 
each  other.  The  50  percent  and 
86.6  percent  points  on  the  trans- 
formers are  for  the  purpose  of 
making  the  voltage  of  the  same 
value  in  the  two  cases.  There  was 
an  omission  of  two  lines  of  the 
text  following  the  first  line  on 
page  305  of  the  article,  (as  noted 
on  page  384  of  the  June,  1909, 
issue),  as  follows:  "circuit  90  de- 
grees, the  wattmeters  have  been 
made  to  indicate  wattless  volt  am- 
peres instead  of  true  watts.  This 
is  accomplished  on  the".  This  ob- 
viously has  an  important  bearing 
on  the  explanation  of  the  method. 
H,  w.  B. 
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Whenever  we  learn  of  a  remarkably  economical 
Development     ■'^team  power  plant,  we  are  usually  more  eager  to 

of  the  inform  ourselves  about  the  details  of  the  particii- 

Low=Pressure  ^^^'  mechanisms  employed,  than  we  are  to  study 
Turbine  ^'^"^    broad   underlying   engineering  prmciples   that 

are  involved.  Low-pressure  turbines  have  been  in- 
stalled in  connection  with  reciprocating  engines  in  so  many  instances 
during  the  last  few  years,  and  the  economic  results  have  been  in 
general  so  gratifying,  that  we  are  apt  to  think  that  the  low-pressure 
turbine  is  a  wonderful  new  development  that  in  some  mysterious 
way  makes  these  remarkable  economies  possible. 

The  low-pressure  turbine  is  not  new ;  it  dififers  from  the  tur- 
bine using  steam  of  175  or  200  pounds  initial  pressure,  only  in  that 
there  is  less  of  it.  Fifteen  years  ago  the  steam  ends  of  all  turbo- 
generator units  of  750  kilowatt  capacity  and  over,  were  made  up  of 
a  high-pressure  and  a  low-pressure  turbine  coupled  together.  The 
former  expanded  the  steam  from  boiler  pressure  to  about  atmos- 
pheric pressure,  exhausting  into  a  receiver ,  from  the  reciever  tlie 
steam  passed  to  the  low-pressure  turbine  where  is  was  expanded 
to  the  pressure  existing  in  the  condenser.  At  that  time,  no  one  re- 
garded the  low-pressure  turbine  as  being  remarkable  or  unusual; 
in  fact,  it  looked  just  as  logical  as  the  low-pressure  cylinder  on  a 
compound  reciprocating  engine. 

About  ten  years  ago  a  turl)ine  of  i  500  kilowatt  capacity  was 
installed  l)y  the  Hartford  Electric  Company,  which  was  not  only 
record  breaking  in  point  of  size,  but  also- in  that  the  complete  ex- 
pansion of  the  steam  was  carried  out  in:,a  single  cylinder.  This 
looked  like  a  very  reckless  bit  of  engineef-ing  at  the  time,  but  the 
troubles  confidently  predicted  for  it  never  materialized.  As  a  re- 
sult, the  low-pressure  turbine  which  was  previously  regarded  as  an 
expensive  but  necessary  evil,  became  unfashionable  and  .was  prac- 
tically forgotten,  while  single-cylinder  turbines  increased  in  size  to 
upward  of  10  000  kilowatts,  with  no  apparent  limit  in  sight. 
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It  has  been  many  years  since  any  intelligent  engineer  would 
have  expressed  surprise  at  a  suggestion  to  couple  a  low-pressure  re- 
ciprocating engine  to  an  existing  engine  that  was  overloaded  or  that 
was  exhausting  to  the  atmosphere.  It  has  not  always  been  con- 
sidered essential  that  the  high-pressure  and  low-pressure  engines 
should  be  mechanically  connected.  In  many  blowing  engine  installa- 
tions for  blast  furnaces  and  steel  works,  it  has  been  customary  to 
operate  low-pressure  condensing  engines  with  the  exhaust  steam 
from  independent  high-pressure  engines.  Nearly  fifteen  years  ago 
Professor  W.  T.  Magruder  showed  the  writer  a  couibination  of  this 
sort  in  the  Mechanical  Laboratory  of  the  Ohio  State  University, 
which  was  used  for  research  work  in  connection  with  the  study 
of  the  proper  ratio  of  cylinder  volumes  for  compound  engines.  By 
varying  the  relative  speeds  of  the  two  engines,  any  desired  ratio  of 
cylinder  volume  per  imit  of  time  could  readily  be  maintained. 

In  our  present  low-pressure  turbine  practice,  we  are  therefore 
reviv^ing  an  almost  forgotten  mechanical  device  which  we  ought  to 
have  remembered  as  being  peculiarly  well  adapted  for  reducing  our 
most  thoroughly  established  thermodynamic  theories  to  practice. 
The  most  efficient  part  of  a  steam  turbine  is  the  low-pressure  end. 
i.  e.,  that  part  in  which  the  range  of  pressure  is  from  that  of  the 
atmosphere  down  to  that  of  the  condenser.  It  makes  no  difference 
to  that  part  of  the  turbine  whether  it  receives  its  steam  from  a  high- 
pressure  section  just  preceding  it,  or  from  a  reciprocating  engine  or 
from  any  other  source  whatsoever. 

We  produce  the  low-pressure  turbine  therefore  by  the  simple 
process  of  eliminating  the  section  in  which  the  steam  would  ordi- 
narily be  expanded  from  boiler  pressure  to  atmospheric  pressure. 
We  have  always  recognized  the  economic  possibilities  of  utilizing 
tlie  utmost  degree  of  expansion  that  the  lowest  condenser  pressure 
will  allow,  but  the  mechanical  features  of  the  reciprocating  engine 
have  compelled  us  to  stop  far  short  of  the  desired  limit.  At  the 
lower  pressures,  the  volume  of  the  steam  would  call  for  cylinders 
of  prohibitive  dimensions ;  the  engine  parts  would  be  so  massive 
that  the  thermodynamic  gain  would  be  obliterated  by  mechanical 
friction,  and  no  valves  and  ports  could  be  made  large  enough  to 
prevent  wire  drawing  and  allow  the  minimum  condenser  pressure 
to  be  realized  in  the  cylinder. 

The  turbine,  on  the  other  hand,  can,  without  exceeding  mod- 
erate dimensions,  handle  enormous  volumes  of  steam ;  the  mechan- 
ical friction  is  almost  negligible  as  compared  with  that  of     a  re- 
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ciprocating  engine,  and  the  exhaust  port  is  larger  than  the  steam 
passages,  so  that  the  full  value  of  the  condenser  pressure  is  available. 

The  alternating-current  generator  furnished  the  opportunity  for 
the  rapid  and  enormous  development  of  the  steam  turbine,  which 
lay  in  a  dormant  state  for  years,  because  there  was  previously  no 
field  for  a  prime  mover,  the  speed  of  which  is  inherently  so  high. 
Similarly,  alternating-current  generators  in  parallel  or  driving  syn- 
chronous motors,  make  a  beautifully  convenient  and  effective  ar- 
rangement for  coupling  a  reciprocating  engine  to  a  turbine  in  such 
a  way  that  the  speed  of  the  latter  is  no  hindrance  to  utilizing  it 
as  the  most  efficient  low-pressure  cylinder  that  it  is  possible  to  de- 
vise for  a  double  or  triple  compound  engine. 

The  writer  ventures  to  suggest  that  Mr.  Dreyfus'  interesting 
article  on  "X'arious  Phases  of  Low-Pressure  Turbine  Work,"  ap- 
pearing in  this  issue  of  the  Journal,  should  not  be  looked  upon  as  a 
mere  statement  of  what  a  low-pressure  turbine  can  do  of  itself,  but 
that  it  should  be  considered  rather  as  an  exposition  of  the  economic 
advantages  of  realizing  as  nearly  as  may  be,  the  possibilities  indi- 
cated by  thermodynamic  theory.  The  low-pressure  turbine  is  re- 
sponsible for  the  results  only  in  so  far  as  it  is  the  mechanical  device 
that  brings  practice  most  nearl}'  into  contact  with  theory. 

H.  E.   LONGWELL 


Developments  in  transformers    and    transmis- 
Transformers    ■'^'°"  apparatus  during  the  past  few  years  have  very 
and  considerably  changed  the  attitude  of  electrical  men 

Transmission  toward  the  problems  encountered  in  transmission 
Apparatus  work.  Only  one  or  two  plants  were  operating  at  as 
high  as  50  000  volts  when  Mr.  Peck  wrote  the 
original  of  the  article  which  appears  in  revised  form  under  his  name 
in  this  issue  of  the  Journal.  The  question  of  transformer  insula- 
tion, of  protecting  from  surges  within  the  system  and  difficulties 
from  lightning,  were  all  matters  which  were  just  in  the  beginning  of 
theoretical  study  on  the  one  hand  and  practical  experience  on  the 
other.  Mr.  Peck  outlines  various  fundamental  conditions  respecting 
the  practical  results  which  might  follow  the  connection  of  trans- 
formers in  various  ways,  showing  in  particular  certain  abnormal 
conditions  which  might  follow  an  accident  in  a  system  which  would 
operate  satisfactorily  under  normal  conditions.  The  article,  how- 
ever, has  lost  much  of  its  immediate  importance  to  the  operating  en- 
gineer for  the  reason  that  many  of  the  possible  difficulties  pointed 
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out  are  not  liable  to  occur,  as  proper  jDrecautions  are  now  taken  in 
the  design  of  the  transformer  and  of  the  system  of  which  it  forms 
a  part.  In  other  words,  the  general  problem  is  no  longer  an  open 
one,  but  common  practice  has  developed  along  the  lines  of  safety 
and  reliability. 

One  of  the  important  factors  in  bringing  about  the  new  condi- 
tions is  the  remarkable  reliability  of  the  modern  transformer  in  its 
freedom  from  breakdown,  even  thougli  operating  under  the  most 
exacting  conditions  and  often  with  but  little  or  no  auxiliary  light- 
ning protection.  P\n-thermore,  it  has  become  customary  in  three- 
phase  transmission  to  regard  a  bank  of  three  transformers  as  a  unit. 
Consequently,  provision  is  not  made  by  fuses  or  circuit  breakers  for 
automatically  cutting  out  an  individual  transformer  in  case  of  acci- 
dent, thereby  aiming  to  retain  the  remaining  transformers  in  service. 
Hence,  fuses  and  circuit  breakers  are  not  placed  inside  of  a  delta 
connection.  Practice  has  settled  on  the  use  of  connections  which 
give  a  stable  neutral  point,  either  through  the  use  of  the  delta  or 
co:nbinations  of  delta  and  star  connections,  or  by  connecting  the 
neutral  point  of  the  generator  to  the  neutral  point  of  the  step-up 
transformers,  where  this  connection  is  admissible.  Some  of  these 
connections  raise  questions  as  to  triple  harmonics  and  the  resulting 
flow  of  unbalanced  currents  in  the  closed  delta.  These  matters  have 
been  discussed  in  various  recent  papers. 

In  general,  the  modern  operation  of  transformers  and  trans- 
mission work  along  present  standard  lines  can  hardly  be  considered 
as  subject  to  many  of  the  serious  voltage  distortions  referred  to  in 
the  article  by  Mr.  Peck.  His  analysis  of  the  problem,  however,  is 
exceedingly  interesting  as  indicating  the  basis  of  present  practice 
and  pointing  out  the  difificulties  into  which  one  is  apt  to  fall  under 
the  particular  conditions  cited.  The  article,  as  above  indicated,  is  of 
particular  interest  in  showing  the  sulxstantial  advance  which  has  been 
made  in  the  theory  and  practice  of  transmission  in  the  past  few 
years,  due  largely  to  the  work  of  the  Transmission  Committee  of 
the  American  Institute  of  Electrical  Engineers,  to  which  Mr,  Peck's 
paper  was  one  of  the  early  contributions.  K.  C.  Randall 
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How  to  secure  government  action  which  will  re- 
Water  move  the  conditions  which  retard  the  development 
Powers  of  our  water  powers  was  the  fundamental  ques- 
and  tion  which  led  to  the  conference  held  last  month 
Government     under  the  auspices  of  the  Transmission  Section  of 
Control           the   National  Electric  Light  Association.     At  the 
outset  is  was  seen  that  there  was  no  necessity  for 
protesting  against  self-sufficiency  on  the  part  of  government  officials 
nor  their  unwillingness  to  listen  to  the  views  of  those  commercially 
interested  in  power  transmission,  as  the  new  Secretary  of  the  In- 
terior, Walter  L.  Fisher,  accepted  the  invitation  to  he  present  and 
attended  the  conference. 

After  the  opening  remarks  of  the  chairman  of  the  meeting,  the 
Secretary  stated  that  he  fully  appreciated  the  importance  of  the 
questions  raised  and  was  ready  to  hear  all  points  of  view.  He  dis- 
sented from  the  assertion  that  the  government  had  established  a 
definite  policy.  He  said  that  the  position  of  the  government  was 
negative  as  the  object  is  to  prevent  progress  along  improper  lines 
and  to  call  a  halt  until  a  definite,  positive  course  could  be  deter- 
mined. He  believed  that  there  would  be  no  fundamental  difficulty 
in  adjusting  the  relations  of  the  National  and  State  Governments, 
and  in  his  remarks  at  the  close  of  the  conference  he  said  that  a  sub- 
stantial beginning  of  a  much  needed  enlightenment  and  education  of 
the  people  at  large  upon  the  facts  and  questions  at  issue  regarding 
the  matter  of  water  power  development,  had  been  made  during  the 
present  conference. 

The  principal  addresses  pointed  out  in  detail  the  importance 
of  the  utilization  of  our  water  powers,  and  the  difficulties  in  making 
developments  under  the  present  government  relations.  In  order 
to  secure  rights  to  develop  the  water  power  itself  and  to  run  trans- 
mission lines  across  Government  lands  it  is  sometimes  necessary 
to  secure  permits  from  three  of  four  departments  of  the  Govern- 
ment, and  even  then  the  rights  to  the  power  itself  may  be  revocable 
at  the  discretion  of  the  Government.  The  difficulty  in  interesting 
capital  under  these  and  other  unsatisfactory  conditions  was  pre- 
sented. 

It  was  interesting  to  find  that  there  was  an  almost  unanimous 
sentiment  in  favor  of  continued  official  supervision  of  the  op- 
eration of  power  transmission  companies  which  were  essentially  pub-, 
lie  service  corporations.  It  was  held  that  questions  as  to  the  dura- 
tion of  water  rights  or  franchises  and  the  question  of  taxation  or 
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royalties  to  be  paid  to  the  Government  might  easily  be  determined 
if  the  matter  of  rates  of  charge  and  the  relations  between  the  power 
companies  and  the  public  were  left  to  the  supervision  of  the  States, 
presumably  through  public  service  commissions. 

This  recognizes  water  power  development  in  its  future  position 
as  an  important  source  of  electric  power  for  all  classes  of  service  up- 
on which  the  transportation,  the  industries  and  the  domestic  life 
of  a  community  will  be  as  dependent  upon  a  general  power  supply 
as  it  is  at  present  upon  a  public  water  supply.  It  also  recognizes 
that  the  policy  which  has  been  developed  through  three-quarters 
of  a  century  of  railroad  operation  in  which  the  railroad  has  come 
•to  be  regarded  as  a  quasi-public  corporation  and  subject  to  regula- 
tion by  the  State  legislature  is  also  applicable  to  power  companies. 
Just  as  the  State  now  protects  the  public  by  fixing  railroad  rates, 
and  as  it  protects  the  railroad  by  insuring  that  its  rates  shall  be 
high  enough  to  provide  an  adequate  income,  and  as  it  has  power  tj 
prevent  the  waste  of  capital  in  the  construction  of  unnecessary,  com- 
peting lines,  and  to  supervise  the  issuing  of  new  securities,  thus 
protecting  investors,  so  also  may  the  function  of  the  State  be  ex- 
tended to  the  proper  development  and  operation  of  our  water 
powers  to  the  common  benefit  of  all  concerned. 

Almost  the  whole  temper  of  the  meeting  was  constructive.  The 
engineering  development  of  power  transmission  has  been  so  rapid 
that  public  policy  and  laws  have  not  kept  pace  with  the  new  condi- 
tions and  new  problems.  It  is  not  to  be  expected  that  the  policies 
and  laws  of  a  dozen  years  ago  will  serve  present  conditions  any 
more  than  it  would  be  reasonable  to  condemn  the  electrical  apparatus 
and  engineering  methods  of  a  dozen  years  ago,  because  they  are  in- 
adequate for  the  requirements  of  great  transmission  systems  of  the 
present,  and  the  future.  We  are  simply  encountering  a  normal 
problem  in  evolution  and  a  good  start  has  been  made  in  getting  at 
the  true  conditions  which  underlie  the  new  economic  and  legal 
problems  which  modern  power  transmission  has  brought  about.  As 
the  Secretary  said  at  the  close  of  the  conference,  it  would  be  well  to 
start  with  a  clean  slate,  to  forget  past  mistakes  on  all  sides,  and  to 
join  in  the  formation  of  a  constructive  policy  which  may  be  fair  to 
all  concerned.  Ch.\s.  F.  Scott 
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We  are   familiar  with  electrical  apparatus  for  the 
An  performance  of  ordinary  mechanical  functions,  but 

Electric  '^'^'^  ^^'^  ^'^'^^  ^o  well  accustomed  to  its  use  as  a  sub- 

Supervisor      stitute  for  human  functions.     Yet  Mr.  Walton,  in 

the  opening  paragraph  of  his  article  in  this  issue 
of  the  Journal,  shows  in  a  striking  way  how  an  electrical  instru- 
ment is  a  superior  overseer  and  supervisor  of  factory  operations. 
It  has  unlimited  patience  and  nervous  endurance  and  a  peculiar 
acuteness  of  observation  and  impartiality  in  its  records.  In  many 
ways  it  performs  its  service  better  than  could  any  human  agency, 
but  it  also  goes  further  and  observes  happenings  which  would  or- 
dinarily be  overlooked  or  which  are  impossible  for  a  man  to  see, 
and  it  records  them  in  a  definite,  reliable  and  quantitative  way. 

A  description  of  the  use  of  graphic  meters  in  textile  mills  is 
merely  a  specific  illustration  of  some  of  the  uses  to  which  this  in- 
strument may  be  applied,  not  only  as  a  constant  overseer  and  re- 
corder of  various  occurrences,  but  also  as  a  means  of  analysis,  by 
which  the  precise  cause  of  inefficient  operations  can  be  determined, 
and  as  a  means  of  detecting  faults  which  would  otherwise  be  over- 
looked, and  of  stimulating  the  same  maximum  of  effort  which 
would  result  from  the  constant  presence  and  personal  supervision 
of  overseers  in  each  department. 

In  the  effort  for  increased  efficiency  through  improved  equip- 
ment and  scientific  management,  electrical  apparatus  is  available 
for  the  human  as  well  as  the  mechanical  functions. 


GRAPHIC  METERS  IN  TEXTILE  MILLS 

ALBERT  WALTON 

UNREMITTING  attention  is  impossible  in  human  assistants. 
Nerves  wear  out,  interest  flags,  monotony  stupefies  the  mind, 
nature  demanrls  rehef  and  rest.  But  while  man's  ability  to 
keep  his  faculties  concentrated  is  limited  by  his  physical  and  nerv- 
ous endurance,  he  has  been  able  to  devise  instruments  which  pos- 
sess some  of  the  qualities  which  he  lacks,  whose  attention  will  not 
fiag  however  long  the  hours,  which  will  observe  each  happening 
that  occurs  under  their  supervision  and  will  keep  accurate  records 
of  all  these  incidents  in  their  order. 

An  instrument  of  this  kind  is  the  graphic  meter,  which  con- 
sists of  a  fountain  j)en  with  a  montli's  supply  of  ink,  a  self-winding 
clock,  a  few  coils  and  contacts,  all  in  a  glass  box  hung  on  the  wall 
or  switchboard.  It  is  a  comparatively  simple  instrument,  but  it  can 
deliver  some  remarkable  information  if  given  an  opportunity.  One 
form  of  meter  registers  all  the  clianges  of  voltage  that  occur  on  an 
electric  circuit,  another  records  current  values,  another  power,  a 
fourth,  speeds.  Their  uses  are  manifold  and  their  returns  interest- 
ing, instructive  and  enlightening.  With  their  aid  secrets  are  reveal- 
ed and  information  secured  the  very  existence  of  which  may  have 
been  unknown  before. 

In  a  textile  mill  a  graphic  meter  installed  on  the  switchboard 
or  in  the  overseer's  office  will  show  how  quickly  the  entire  loo  ii 
room  is  put  into  operation.  It.  will  show  when  the  spinning  frames 
are  started  and  when  they  are  dofifed.  If  the  pickers  seem  to  be 
having  difficulty  in  supplying  the  necessary  number  of  laps  to  the 
cards  and  the  men  assert  that  they  can  do  no  better,  it  is  easy  to 
check  up  and  see  if  they  are  getting  the  laps  off  quickly  and  keeping 
the  machines  properly  fed. 

Nor  is  it  necessary  to  have  a  separate  meter  for  each  room  or 
each  machine.  One  meter  can  be  arranged  so  that  it  can  be  readily 
connected  to  any  set  of  wires  in  the  mill.  By  pulling  out  one  set  of 
spring  plugs  and  pushing  in  another  set  the  meter  can  be  trans- 
ferred from  one  set  of  feeders  to  any  other.  Thus  a  record  of  the 
morning  session  can  be  taken  on  a  lOO  horse-power  motor  in  the 
spinning  room  and  the  same  meter  switched  over  on  to  a  75  horse- 
power luotor  in  the  weave-shed  for  the  afternoon  by  shifting  plugs 
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at   the   switchboard.      No   one   in 

°  the  rooms  where  the  motors  are 

g  located  will  be  able  to  tell  wheth- 

g  ^    er  the  meter  is  in  his  circuit  or 

S  1^   some  other  and  thus,  while  it  is 

S  _g    recording  the   work  of   only  one 

K  Z.    feeder  line  at  a  time,   it  has  the 

<  °    effect,  so  far  as  the  help  is  con- 

^  2    cerned.    of    watching    the    entire 

z  '^'    mill  all  the  time. 

T        ^ 

^  ■£  Alany  of  these  meters  are  in 
^.-g-^  use  in  the  mills  of  New  England 
S  w  J  where  they  are  considered  as  es- 
2  <  cj  sential  a  part  of  the  mill  equip- 
^  °  2  ment  as  the  less  reliable,  though 
necessary,  night  watchman.  One 
mill  was  taking  power  for  its 
lights  from  the  local  central  sta- 
tion and  just  when  they  needed  it 
I  S  B    most    the    light    seemed    weakest. 

1  ^  ^  Yet  many  of  their  lamps  burned 
-•^."^  out.  This  led  to  an  inconclusive 
5  8 1  discussion  as  to  the  cause  of  the 
^  o5    trouble,  wdiich  was  finally  settled 

2  a  S    ^vith    great    expedition    by    a    re- 

3  I  I  cording  voltmeter.  A  day's  rec- 
I  j*^  ord  showed  excessive  fluctuations 
g  5  rt  in  voltage,  and  by  recording  the 
w  ^'  a  exact  time  of  their  appearance 
i^  «  °  enabled  the  central  station  to  lo- 
i^^  cate  the  difficulty  and  eradicate 
'"-      «    it. 

I  >  A    large    jMassachusetts    cotton 

I  3  niill   distributes   current   from   its 

S  ■!  central  power  house  over  eleven 

I  -^  dift'erent     circuits     to     as     many 

y  g  groups  of  motors  in  the  mills.   By 

£  '%  inserting  a  small  plug  in  its  proper 

g  I  receptacle  a  curve-drawing  meter 

1  ^  can  be  connected  to  any  one  of 

a  these    circuits.      No    overseer    in 
the   mill   knows   on   a   given   day 
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whether  his  power  record  is  being 
taken  or  not,  but  he  knows  that  if  it 
is  being  taken  he  cannot  shut  down 
a  spinning  frame  without  the  act  be- 
ing recorded  down  in  the  engine- 
room.  In  this  way  the  management 
is  certain  that  "cleaning  up  time" 
will  not  begin  before  it  is  due;  that 
the  weavers  will  not  be  changing 
their  clothes  at  either  end  of  the  ses- 
sion when  they  should  be  watching 
warp  and  filling ;  that  several  spinning 
frames  are  not  shut  down  to  let  the 
spinners  catch  up  when  the  yarn  runs 
badly,  due  to  their  own  neglect  and 
inattention. 

Every  agent  is  accustomed  to  see- 
ing new  life  put  into  the  work,  the 
instant  he  appears  in  the  doorway. 
Weavers  get  up  from  their  restful 
stools,  doffer  boys  quit  chasing 
each  other  about,  spinners  stop 
their  little  chats  and  busily  piece  up 
ends.  The  agent  knows  they  go  back 
to  it  when  he  leaves,  yet  he  cannot 
be  in  all  the  rooms  at  once  nor  even 
in  the  mill  all  the  time.  If  he  could 
keep  up  this  maximu  u  of  effort  all 
the  time,  if  he  could  know  where 
the  falling  off  comes  in  and  when 
and  why  it  occurs  he  could  demand 
results  of  his  overseers.  Otherwise 
he  is  in  their  hands  and  must  rely 
on  their  opinion  as  to  how  many 
pounds  of  product  he  can  expect  to 
take  off  in  a  week.  Even  an  honest 
and  experienced  overseer  is  human, 
and  is  liable  to  err  on  the  low  side  to 
make  a  good  showing.  An  analysis 
of  a  series  of  curves  from  a  graphic 
meter  will  give  incontrovertible  facts 
that  will  surprise  the  overseer  himself. 
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In  addition  to  this  general  supervisory  function,  the  meter  is  of 
great  value  where  individual  drive  is  used,  as  it  enables  one  to  as- 
certain the  effect  of  various  factors  in  the  machine  and  its  method 
of  operation.  By  recording  all  the  changes  of  power  through  a 
complete  cycle  of  operation  some  valuable  information  may  be  ob- 
tained. For  example.  Fig.  i  is  a  curve  taken  from  a  cotton  spin- 
ning frame,  while  Fig.  2  is  a  similar  curve  from  a  worsted  spinning 
frame. 

For  an  explanation  of  the  definite  cycle  of  operations  shown  in 
these  curves,  a  brief  description  of  the  spinning  operation  is  neces- 
sary. Strands  of  coarse  twisted  yarn  called  "roving"  are  led  from 
the  bobbins  on  which  they  have  previously  been  wound,  through 
two  pairs  of  slowly  revolv- 
ing rollers  and  then  through 
another  similar  pair,  revolv- 
ing several  times  as  fast. 
The  strands  from  the  rov- 
ing bobbins  are  thus  com- 
bined into  one  which  is 
drawn  out  by  the  third  pair 
of  rollers  into  a  fine  and 
practically  untwisted  thread, 
and  must  be  twisted  before 
it  will  be  useful. 

The  twisting  of  the 
yarn  is  accomplished  by  re- 
volving the  bobbins  on 
which  it  is  wound  at  from 
5000  to  12000  r.p.m.  The  spindle  and  bobbin  are  cen- 
trally located  in  a  steel  ring  which  is  in  turn  mounted  upon 
a  rail.  Mounted  upon  this  ring  and  free  to  revolve  around  it 
is  a  small  traveler.  The  yarn,  leaving  the  rolls,  passes  through 
a  guide  eye  directly  over  the  spindle  and  through  the  travel- 
er to  the  bobbin,  as  shown  in  Figs.  3  and  4.  Were  the  traveler 
fixed  in  position  on  the  rings,  the  yarn  would  tend  to  be  wound  on 
the  bobbin  at  a  tremendous  rate  without  being  twisted,  with  the 
result  that  it  would  be  broken  instantly.  Were  the  traveler  to  turn 
at  the  same  speed  in  revolutions  per  minute  as  the  bobbin,  the  yarn 
would  be  twisted,  but  would  not  be  wound  on  the  bobbin.  As  a  mat- 
ter of  fact,  the  traveler  is  carried  around  the  ring  at  very  nearly 
the  speed  of  rotation  of  the  spindle,  but  friction  causes  it  to  lag 
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back  sufficiently  to  wind  the  yarn  as  fast  as  it  comes  from  the  rolls, 
and  to  keep  it  fairly  taut  between  the  rolls  and  the  bobbin.  The 
ring  rail  is  raised  and  lowered  by  a  cam  mechanism  at  a  suitable 
rate  to  cause  the  yarn  to  be  wound  in  even  layers. 

The  history  of  the  day's  run,  as  recorded  by  the  curve,  Fig.  i, 
shows  that  the  frame  was   started  with  the  bobbins  partly  filled. 

The  powxr  fell  off 
ra])idly  for  the  first 
half  hour,  and  then 
gradually  rose  as  the 
bobbins  became  more 
nearly  full  and  re- 
quired more  power. 
The  frames  were 
dofifed,  i.  e.,  the  full 
bobbins  were  remov- 
ed and  replaced  by 
empty  ones,  at  a  few 
minutes  past  eight, 
the  operation  requir- 
ing about  four  min- 
utes. The  motor  then 
ran  until  the  noon 
hour  with  only  two 
momentary  stops  for 
oiling.  The  after- 
noon run  was  a  repe- 
tition of  the  fore- 
noon. 

Closer  examina- 
tion of  the  curve  re- 
veals that  about 
twenty  percent  more 
power  is  required  at 
the  end  of  a  run 
than  at  the  begin- 
This  is  a  characteristic 


FIG.  4 — RING  SPINNING  FRAME  IN  OPERATION 

The  ring  rail  was  moving  up  and  down  over 
the  bobbins  while  this  photograph  was 
taken,  and  hence  does  not  show. 
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ning,  increasing  at  a  fairly 
of  all  ring  spinning  frames,  and  has  been  proven  experimentally  to 
be  due  almost  wholly  to  the  fanning  action  caused  by  the  rough 
surface  of  the  yarn,  and  its  constantly  increasing  peripheral  speed 
as  niore  cotton  is  wound  on  the  bobbin.     That  the  added  weight 


GRAPHIC  METERS  IN  THE  TEXTILE  INDUSTRY 


421 


has  little  to  do  with  the  extra  power  is 
proven  by  the  fact  that  the  empty  bobbins 
require  practically  the  same  power  as  the 
bare  spindles,  although  the  bobbins  weigh 
about  half  as  much  empty  as  full. 

Every  traverse  of  the  ring  rail  is  in- 
dicated by  the  regularly  occurring  peaks, 
and  observations  at  the  time  of  taking  the 
curve  show  that  the  power  increases  as  the 
ring  rail  descends.  The  shape  of  the  peaks 
also  changes  as  the  bobbins  become  filled. 
In  the  exaggerated  section  shown  at  the 
top  of  the  curve,  it  may  be  seen  more  clear- 
ly that  the  peaks  are  higher  and  practically 
continuous  with  the  full  bobbin,  while  with 
the  empty  bobbins  they  are  smaller  and  are 
joined  by  short  lines  of  minimum  power. 
This  increased  power  consumption  occurs 
at  the  same  time  as  the  ballooning  or  fly- 
ing out  of  the  yarn  due  to  centrifugal  ac- 
tion. With  the  empty  bobbin  the  tension 
is  great  enough  to  prevent  this  action 
while  the  ring  and  traveler  are  close  to  the 
guide  eye,  and  the  load  is  practically  con- 
stant, as  indicated  by  AB,  Fig.  i.  Balloon- 
ing starts  when  the  ring  rail  has  passed 
somewhat  beyond  the  mid  position  and  the 
power  BC  to  drive  the  yarn  through  the  air 
increases,  until  the  ballooning  reaches  its 
maximum  at  the  bottom  of  the  rail  travel. 
CD  shows  the  decrease  of  power  required 
as  the  length  of  the  revolving  yarn  de- 
creased, until  at  D  the  straight  line  form 
was  again  assumed.  With  the  full  bobbin 
the  tension  on  the  yarn  is  much  less,  and 
ballooning  occurs  throughout  the  entire 
range  of  rail  travel,  as  shown  by  the  curve 
GHKLM,  while  the  greater  extent  of  the 
balloon  requires  a  greater  amount  of  power. 

The  number  of  layers  of  yarn  on  the 
bobbins  may  be  counted  by  the  number  of 
peaks.     In  the  morning  run  78  lifts  of  the 
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rail  are  recorded,  while  in  the  afternoon  run  but  75  lifts  are  shown. 
In  the  longer  run,  just  before  the  removal  of  the  bobbins,  the  yarn 
began  to  rub  against  the  ring  and  traveler,  causing  the  curve  to  be 
very  ragged  and  irregular.  The  duration  of  the  dofifing  time  and 
the  exact  instant  the  frame  is  shut  down  is  marked  and  the  over- 
seer must  answer  the  "why"  if  this  is  found  to  be  of  too  frequent 
occurrence  or  too  long  duration. 

Fig.  5  is  a  curve  from  a  picker.  This  machine  forms  a  step 
in  the  process  of  transforming  the  baled  and  dirty  cotton  into  rolls 
of  clean,  fleecy  material  of  uniform  texture  and  thickness.  In  order 
to  secure  uniformity  of  final  product,  the  raw  material  throughout 
the  entire  process  is  intermingled  as  much  as  possible.  The  raw 
cotton  is  mixed  and  beaten  in  the  openers  and  breakers  to  a  light, 
fluffy  mass,  most  of  the  sand  and  dirt  being  removed  at  the  same 
time  by  air  suction.     The  cotton  leaves  the  breaker  in  the  form  of 

Laps  from  Previous  Machines 


FIG.    6 — SCHEMATIC    DIAGRAM    OF    INTERMEDIATE   PICKER* 

laps  of  approximately  uniform  thickness.  As  indicated  in  Fig.  6, 
four  of  these  laps  are  fed  simultaneously  to  the  intermediate  pick- 
ers. This  quadruple  sheet  is  beaten  apart,  and  again  spread  out 
and  wound  up  as  a  cleaner  and  more  uniform  lap.  This  process  is 
again  repeated  in  the  finisher  pickers,  the  lap  formed  here  being 
about  40  inches  wide  and  16  inches  in  diameter,  containing  about 
50  yards  of  loosely  laid  cotton,  about  one-half  inch  thick,  and  weigh- 
ing about  45  pounds. 

The  desirability  of  producing  laps  of  uniform  weight  has  made 
necessary  the  provision  of  an  automatic  device  for  stopping  the 
feed  after  a  certain  number  of  revolutions  of  the  roll  on  which  the 
lap  is  formed.  As  shown  by  the  curve.  Fig.  5,  this  occurs  about 
every  eight  minutes.  Examination  of  this  curve  will  show  when 
the  attendant  failed  to  place  a  lap  on  the  apron  in  time  and  thus 


*See  the  Journal  for  March,  191 1,  Fig.  3.  p.  239.  for  illustration  of  this 
machine. 


GRAPHIC  METERS  IN  TEIE  TEXTILE  INDUSTRY      423 


pera'iitted  three  laps  to  be  fed  instead  of 
four,  thus  affecting  the  weight  of  the  yarn 
possibly  for  a  thousand  spindles  for  an 
hour.  The  evener  tends  to  correct  this 
omission  by  speeding  up  the  apron,  but  the 
less  resistance  to  the  beater  blades  is  evi- 
dent. The  curve  also  shows  whether  he 
started  another  lap  immediately  when  the 
stop  motion  tripped  or  whether  he  allowed 
the  machine  to  run  idle  for  a  time.  In 
taking  oft'  this  record  the  next  day  after 
it  was  made  the  writer  asked  the  boss 
carder  what  the  trouble  had  been  between 
5:00  and  5:30  P.M.,  but  he  knew  of  no 
difficulty  and  was  inclined  to  lay  it  to  the 
meter.  On  being  pressed  to  investigate,  he 
found  that  a  loose  evener  belt  had  become 
lint-covered  and  slipped  badly  for  three  or 
four  laps,  finally  necessitating  shutting 
down  the  picker  to  take  it  up.  The  chances 
are  good  that  many  light-weight  laps  were 
taken  to  the  cards  in  the  meantime  with- 
out his  knowledge,  for  an  inspection  of 
records  for  two  or  three  days  preceding 
showed  the  same  trouble,  though  in  a 
lesser  degree.  The  overseer  should  have 
such  a  meter  in  his  office  from  which  two 
wires  could  run  to  each  picker  and  enable 
him  to  check  up  all  such  occurrences  im- 
mediately after  they  happened  and  to  pre- 
vent their  recurrence. 

To  the  ingenious  mill  man  with  an 
analytical  mind  the  foregoing  will  serve 
onlv  as  bare  suggestions.  Immediately  he 
will  think  of  many  other  uses  for  such 
an  able  assistant,  any  one  of  which  will 
insure  very  liberal  returns  on  the  small 
outlay  required,  for  there  are  many  things 
he  has  long  wished  he  could  know  about 
his  mill,  but  which,  without  some  such  de- 
vice as  the  graphic  electric  meter,  he  can- 
not possibly  hope  to  discover. 


CONSERVATION  OF  WATER  POWERS 

AND  THEIR  DEVELOPMENT  FOR  THE  PUBLIC  GOOD 
SIDNEY  Z.  MITCHELL 
[A  public  conference  on  "Water  Powers  and  their  Govern- 
mental Control,"  was  held  on  April  8th,  under  the  auspices  of 
the  Power  Transmission  Section  of  the  National  Electric  Light 
Association  at  the  Engineering  Societies'  Building.  New  York 
City.  The  opening  remarks  of  the  chairman  and  the  address  of 
the  first  speaker  are  here  given  in  condensed  form]  : 

OPENING   REMARKS    OF   CHAIRMAN    H.   L.    DOHERTY. 

ACCORDING  to  the  last  census  there  is  37000000  horse-power  available 
in  the  United  States  in  water  power  which  can  be  developed  at  a  cost 
which  compares  favorably  with  steam.  Of  this  amount  about  i  600000  horse- 
power has  already  been  electrically  developed  and  approximately  1900000 
horse-power  has  been  developed  for  industrial  purposes  through  means  other 
than  electrical,  leaving  approximately  33500000  horse-power  still  available  for 
development  and  use  for  this  and  future  generations.  In  all  probability  these 
figures  will  prove  far  too  low  when  a  more  careful  investigatiori  has  been 
made. 

To  develop  even  the  smaller  amount  of  power  named  above  would  re- 
quire to  exceed  $7000000000.  It  is  interesting  to  note  that  the  undeveloped 
water-powers  of  this  country  exceed  the  total  amount  of  power  now  gener- 
ated by  all  known  means.  We  are  to-day  using  annually  in  excess  of 
$200000000  of  fuel  that  might  be  saved  by  the  development  of  our  water- 
powers. 

After  a  careful  study  of  fields  of  possible  useful  work  it  was  the  unani- 
mous opinion  of  the  officers  of  this  Section  that  the  greatest  obstacle  to  the 
development  of  water-powers  at  the  present  time  was  the  attitude  of  our 
national  and  state  governments.  The  policies  of  our  governments  have 
largely  been  dictated  by  men  inexperienced  in  this  line  of  work.  Obstacles 
have  been  placed  on  the  development  of  water-powers  which  are  burdensome 
to  the  degree  of  being  prohibitive,  and  which  are  of  no  benefit  to  the  gov- 
ernment or  to  the  public. 

It  has  been  suggested  that  the  present  controversy  may  Ije  partially  due 
to  an  unrecognized  difference  in  the  fundamental  premises  which  have  been 
unconsciously  assumed  without  careful  analysis,  and  by  tfiis  I  mean  that  one 
class,  taught  by  the  more  recent  and  impractical  school,  assumes  that  the 
public  lands  are  the  absolute  property  of  the  government,  intended  only  to 
enrich  the  treasury  of  the  government  without  regard  to  other  considerations, 
while  the  older  and  more  practical  school  assumes  that  these  lands  are  held 
in  the  nature  of  a  trust  and  should  be  used  for  the  settlement  and  develop- 
ment of  the  territory  where  they  are  situated,  and  thus  contribute  to  the 
development  of  the  entire  country.  The  latter  school  is  in  accord  with  the 
precedents  which  actuated  the  government  through  many  decades,  and  while 
precedent  alone!  should  not  govern  in  matters  of  this  sort,  there  is  a  con- 
sideration which  precedent  in  this,,  case  has  injected,  and  which  is  of  prime 
national  importance,  and  I  mean  by  this  that  a  question  of  what  constitutes 
fairness  and  justice  has  been  injected  into  this  problem  that  cannot  be 
neglected. 

It  is  a  well-known  fact  that  is  no  longer  questioned  in  law,  that  every 
quasi-public  corporation  is  subject  to  the  regulation  of  its  rates,  either  by  the 
state  legislature  or  to  some  other  body  to  whom  the  legislature  has  delegated 
this  power,  which  otherwise  inherently  vests  in  the  legislature.  If  we  keep  in 
mind  this  fact  it  can  be  made  plain  that  every  objectionable  restriction  and  ob- 
stacle, placed  by  the  government  on  the  development  of  water-powers,  is 
unnecessary  if  not  absurd. 
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TJTE  real  conservation  of  water  power  means  its  use.  The 
only  metliods  of  producing  power  are  through  the  con- 
sumption (jf  coal,  uil,  gas,  wood  and  other  fuels  which  exist 
in  limited  quantities  and  cannot  be  replaced,  and  which  are  being 
consumed  and  exhausted  at  a  rapid  rate ;  and  through  the  use  of 
water  powers.  It  has  been  estimated  that  there  are  now  being  used 
annually  in  the  United  States  more  than  four  hundred  and  eighty 
million  tons  of  coal,  worth,  on  an  average,  $2  per  ton,  or  a  total  of 
about  $960  000  000  annually,  to  say  nothing  of  the  annual  con- 
sumption, in  addition,  of  millions  of  dollars"  worth  of  oil,  natural 
gas  and  wood. 

By  the  use  of  water  power,  this  frightful  consumption  of  fuels 
can  be  minimized  and  in  many  cases  wholly  obviated.  I  say  frankly 
to  this  gathering  of  practical  business  men  that  I  think  the  Govern- 
ment officials  who  have  awakened  the  American  people  to  the  need 
of  conserving  the  exhaustible  natural  resources  have  performed  a 
great  public  service.  No  one  can  state  too  strongly  for  me  the  evils 
of  the  wanton  and  unnecessary  consumption  and  exhaustion  of  our 
growing  timber,  our  coal  and  our  other  fuel  supplies. 

While  we  all  agree  upon  the  necessity  of  conservation,  we  are 
not  able  to  practice  it.  Take  this  very  association,  for  example.  We 
now  have  over  seven  thousand  members  representing,  approximately, 
six  thousand  cities  and  towns  in  the  United  States,  and  the  properties 
represented  by  the  members  here  are  supplying  at  least  sixty  millions 
of  our  people  with  electricity  for  running  trolley  cars  and  for  man- 
ufacturing, lighting,  cooking  and  irrigation.  I  venture  to  state  that 
the  companies  represented  here  are  exhausting  this  country's  non- 
replaceable  fuel  supply  to  the  value  of  over  thirty-five  millions  of 
dollars  annually ;  and  the  sad  thing  about  it  is  that  they  are  com- 
pelled to  do  it. 

Thousands  of  engineers,  promoters  and  economists  are  im- 
pressed with  the  advantages  of  water  powers,  and  are  daily  trying 
to  raise  the  cash  for  their  development;  yet  progress  in  this  direction 
is  exceedingly  slow.  I  am  going  to  mention  some  of  the  reasons 
for  such  slowness.  The  public  at  large  has  an  idea  that  since  water 
naturally  runs  down  hill  water  power  must  cost  practically  nothing. 
The  average  investor  knows  through  his  own  experience,  or  his 
friends',  that  the  wonderful  profits  of  the  water  powder  business  exist 
only  in  the  dreams  of  the  promoters  or  in  the  minds  of  sensational 
magazine  writers.  The  careful  investor  will  point  to  the  many  doz- 
ens of  colossal  fortunes  made  in  real  estate  speculation,  in  the  gro- 
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eery  and  hardware  business,  and  in  department  stores,  in  manufac- 
turing and  in  banking,  etc.,  and  will  ask  the  promoter  to  point  out  a 
few  of  the  colossal  fortunes  made  in  the  water  power  business.  If 
the  water  power  is  on  a  so-called  navigable  stream,  or  in  any  way 
touches  Government  land — and  this  means  nearly  all  the  largest  and 
best  undeveloped  water  powers  of  to-day — the  investor  will  call  at- 
tention to  the  uncertainties  and  onerous  restrictions  involved  in  the 
development  and  operations  of  sucii  powers.  In  practically  999  cases 
out  of  I  000  the  enterprising  promoter  of  local  industries  returns  to 
his  home  town  discouraged  and  defeated  by  the  present  state  of  our 
laws,  and  the  water  power  continues  to  run  to  waste  as  in  the  days 
of  Columbus. 

That  I  may  not  be  misunderstood,  let  me  restate  my  position 
to  this  point : — 

I — The  true  way  to  conserve  our  now^  idle  water  powers  is  to 
use  them.  The  true  way  to  conserve  our  limited  fuel  supplies  is  not 
to  use  them — but  to  use  water  power  instead. 

2 — The  absolute  necessity  for  the  conservation  of  those  ex- 
haustible-natural resources  not  subject  to  replacement  is  apparent 
to  us  all. 

3 — Yet  the  majority  of  the  men,  women  and  children  in  the 
United  States  are  engaged  at  present  in  the  destruction  of  such  ex- 
haustible natural  resources  and  we  are  compelled  to  destroy  them  by 
the  existence  of  conditions  over  which  we  seem  to  have  no  control. 

If  this  be  a  sound  statement  of  the  case,  how  can  we  better  the 
conditions?  It  is  with  a  full  appreciation  of  the  complexity  of  the 
subject,  growing  out  of  a  quarter  of  a  century  of  practical  work,  that 
I  make  some  suggestions ;  not  in  any  attitude  of  opposition  to  the 
Government  or  to  any  of  its  officers,  but  with  that  friendly  spirit  of 
helpfulness  and  co-operation  which  it  is  hoped  will  aid  in  the  correct 
solution  of  the  problem  before  us. 

The  distinction  between  water  powers  operated  for  private  pur- 
poses and  those  operated  for  public  purposes  seems  to  me  so  logical 
and  so  important  that  it  must  be  recognized  in  future  legislation. 
Too  much  emphasis  cannot  be  laid  upon  the  radical  difference  be- 
tween the  pulp  mill  or  factory  type  of  water  power  used  entirely  in 
a  private  business  and  the  water  power  used  for  the  generation  and 
distribution  of  light,  heat  and  power.  The  latter  is  the  servant 
of  a  widely-scattered  public,  serving,  without  distinction,  all  the  peo- 
ple, including  manufacturers,  domestic  consumers,  traction  lines  and 
municipalities.    In  the  truest  sense  of  the  word  it  is  a  Public  Service 
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Business,  and  as  such  there  can  be  no  doubt  of  the  power  of  the 
Government  to  exercise  over  its  service  and  charges  the  most  minute 
and  continuous  supervision  and  control.  The  only  restrictions  upon 
this  power  is  that  there  must  not  be  confiscation  of  the  property  in 
which  capital  has  been  invested. 

There  has  been  a  great  deal  of  discussion  as  to  the  relative  legal 
rights  of  the  Federal  and  State  Governments  as  bearing  on  water 
powers.  These  I  will  not  attempt  to  discuss.  So  far  as  I  have  been 
able  to  ascertain,  the  majority  of  investors  have  no  particular  prefer- 
ence in  the  matter;  but  are  vitally  interested  in  having  their  public 
service  investments  regulated  by  only  one  authority. 

Contrary  to  the  general  belief  the  charges  which  the  Govern- 
ment, State  or  Federal,  may  make  for  the  privilege  of  using  the 
water  powers  is  not  a  matter  of  material  importance  to  the  power 
companies,  so  long  as  such  charges  are  not  so  great  as  to  make  it  im- 
practicable for  the  power  company  to  compete  with  steam  or  gas 
producer  plants,  or  with  other  water  power  companies  exempt  from 
such  special  tax.  It  may  seem  desirable  to  the  Government  that  an 
annual  charge  be  made.  I  believe  that  so  long  as  the  charges  are  not 
so  high  as  to  prevent  the  substitution  of  water  power  for  fuel  con- 
suming power,  the  matter  is  entirely  one  of  equitable  taxation,  in 
which  the  only  interested  parties  are  the  Government  and  the  local 
community  paying  the  tax. 

While  our  legislative  bodies  may  well  enact  a  law  to  limit  the 
tenure  of  a  private  individual  (whose  business  cannot  be  regulated) 
in  connection  with  the  development  and  use  of  water  power  on  the 
Government  domain,  I  can  conceive  of  no  reason  for  similar  restric- 
tions in  the  use  of  water  power  which  the  Government  elects  to  de- 
velop and  use,  not  directly,  but  indirectly,  through  its  agent  the  Pub- 
1/c  Service  Corporation.  In  such  a  case  the  Government  has  power 
to  supervise,  regulate  and  control  every  phase  of  operation. 

Many  of  the  largest  and  best  unused  water  powers  to-day  are 
upon  the  so-called  navigable  streams.  An  investor  is  asked  by  the 
local  people  to  join  in  providing  capital  to  develop  such  powers. 
He  is  at  once  confronted  by  the  necessity  of  securing  an  act  of  Con- 
gress authorizing  the  construction  of  a  dam  across  the  rapids  of  the 
so-called  navigable  stream,  rapids  over  which  in  many  cases  no  boat 
has  ever  passed,  nor  probably  ever  will  pass  until  locks  are  con- 
structed. In  demanding  that  the  power  developer  shall  construct  and 
present  to  the  Government  an  elaborate  system  of  locks  as  part  of 
the  construction  of  the  dam,  the  Government  overlooks  the  fact,  not 
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only  that  such  construction  must  ultimately  be  paid  for  by  the  com- 
munity served  ])y  tlie  ])()wer  company,  but  also  that  the  very  building 
of  the  dam  across  such  rapids  will  relieve  the  Government  of  the 
great  expense  of  creating  the  necessary  pond  over  the  rapids. 

Where  there  is  this  close  competition  between  the  relative  econ- 
omies of  water  power  and  fuel  consuming  apparatus,  and  where  the 
adoption  of  steam,  oil  or  gas  means  a  large  unnecessary  consump- 
tion of  non-replaceable  fuels,  is  it  not  a  pity  that  every  possible 
power  at  the  command  of  the  Government,  Federal,  State  and  local, 
is  not  exerted  to  the  utmost  to  secure  the  adoption  of  the  water 
power  system  and  thus  save  the  fuels  ?  If  it  is  necessary  for  the 
State  or  local  communities  most  directly  affected  to  pay  a  bonus 
equal  to  the  value  of  the  fuel  which  the  same  amount  of  steam  or 
gas-producer  apparatus  will  consume  in  one.  two,  or  three  years ; 
then,  as  a  citizen  and  tax])ayer.  I  would  gladly  vote  for  both  of  these 
propositions. 

Practically  all  of  the  discussions  in  the  public  press  to-day,  and 
so  far  as  I  know,  all  the  laws  that  have  been  passed,  and  many  bills 
introduced  but  not  passed,  regarding  limited  tenures  and  other  oner- 
ous restriction  as  to  water  powers,  have  applied  only  to  the  power 
generating  station.  In  practically  every  case  the  investment  in  the 
step-up,  transmission,  step-down  and  distributing  plants  is  many 
times  larger  than  the  investment  in  the  generating  plant.  It  is  there- 
fore absolutely  essential,  if  capital  is  to  be  secured  at  reasonable 
rates,  that  every  part  of,  the  hydro-electric  plant  (which  includes 
step-up,  transmission,  step-down  and  distril)uting  plants)  be  treated 
as  a  whole. 

It  is  only  necessary  for  any  one  to  read  the  laws  and  the  bills 
introduced  in  Congress,  to  realize  that  our  legislators  still  have  in 
mind  the  idea  of  the  early  grist  mill  or  factory  type  of  water  power, 
where  the  energy  is  generated  in  small  units  and  used  entirely  upon 
the  premises.  Formerly  the  people  located  immediately  around  the 
water  power  sites ;  now^  w^e  take  the  water  power  to  the  people,  the 
transmission  system  being  as  necessary  as  the  power  plant.  In  other 
words,  commercial  hydro-electric  development  has  progressed,  but 
our  w^ater  power  laws  have  not.  As  a  result,  it  is  impracticable  to 
obtain  money  for  power  development  on  the  public  domain,  except 
from  the  most  speculative  kind  of  investors.  The  50  or  100  per- 
cent increase  in  the  rates  which  must  be  paid  for  money  to  induce 
such  investment  on  the  public  domain  constitutes  a  tax  resulting 
from  unwise  laws  which  must  be  paid  by  the  power  consumer. 
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Limited  tenures  may  be  well  enough  in  the  case  of  the  develop- 
ment of  a  water  power  in  connection  with  a  private  business  which 
the  Government  has  no  right  to  regulate ;  but  advanced  thinkers  on 
the  subject,  I  believe,  all  agree  that,  next  to  revocable  permits,  lim- 
ited tenures  are  the  most  fallacious  and  harmful  of  all  the  present- 
day  popular  notions,  when  applied  to  a  water  power,  or  any  other 
development  made  for  the  public  benefit.  Limited  and  uncertain 
tenures  are  the  greatest  of  all  obstacles  in  the  way  of  economical  and 
quick  development  of  water  powers  for  public  use. 

A  power  developer  may  have  three  or  four  times  as  large  an  in- 
vestment in  his  distributing  system  (entirely  off  the  Government  do- 
main )  as  in  the  generating  station  on  the  Government  domain.  The 
whole  distributing  system  would  necessarily  be  made  inoperative  and 
useless  by  the  failure  to  secure  a  renewal  of  the  original  limited 
tenure  for  the  generating  station. 

There  is  good  reason  in  many  private  contracts,  which  cannot 
be  changed  without  the  consent  of  both  parties,  to  doubt  one's  ability 
to  provide  for  every  contingency  for  50  years,  or  even  a  much 
shorter  period.  But  why,  and  in  what  possible  way,  can  this  affect 
a  public  service  corporation,  a  servant  of  the  people,  an  agent  and 
instrument  of  the  Government,  created,  kept  alive,  controlled  and 
regulated,  not  every  50  or  20  years,  or  one  year,  but  every  day  of  its 
life  and  for  all  time,  down  even  to  the  most  minute  detail  of  its 
business,  by  its  creator,  the  Governirent?  And  if  it  is  conceded  that 
the  Government  has  this  right  to  regulate  a  public  service  corpora- 
tion every  day  of  its  life,  why  should  the  Government  weaken  its 
position  by  making  fifty  year  tenure  contracts  which  tie  its  hands 
for  that  period?  Why  is  not  this  an  absolute  and  complete  answer 
to  all  advocates  of  limited  or  uncertain  tenures  ? 

Just  a  few  words  on  rate  competition  from  the  investor's  stand- 
I)oint.  In  the  communities,  such  for  instance  as  Massachusetts  and 
Wisconsin  and  New  York,  where  there  has  been  the  most  searching 
and  progressive  thought  on  this  subject,  the  advent  of  a  competing 
l)ul)lic  utility  corporation  is  prohibited  unless  public  necessity  there- 
for is  clearly  shown.  Rate  competition  between  public  service  corpor- 
ations means  rebates,  discriminations,  and  special  favors.  This  is  a 
practice  which  both  Federal  and  State  laws  and  commissions  are 
wisely  attempting  to  eradicate ;  and  Martin  A.  Knapp,  now  Presiding 
Judge  of  the  new  Commerce  Court,  in  referring  to  the  old  ideas  of 
Public  Service  competition,  has  well  said : 
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"That  it  is  a  mistaken  policy  I  am  fully  persuaded.  For  the 
power  to  compete  is  the  power  to  discriminate.  It  is  out  of  the 
question  to  have  present  the  element  of  competition  and  at  the 
same  time  try  to  regulate  rates." 

Hydro-electric  power  operations  in  any  one  zone,  district  or  city 
should  be  strictly  limited  to  one  company,  unless  there  appears  to  the 
Governmental  authorities  an  unquestionable  public  necessity  for 
something  different.  This  is  the  practice  already,  not  only  in  the 
more  progressive  states,  but  also  in  European  countries.  Aside 
from  the  better  service  and  the  economies  in  operation  which  can 
by  this  plan  be  secured  for  the  benefit  of  the  public,  how  can  the 
people  expect  to  get  additional  money  from  the  investors  unless 
they  protect  the  money  which  the  investors  have  already  expended  ? 

If  there  are  carried  out  all  of  the  plans  which  I  have  mentioned 
for  the  regulation  of  public  service  corporations  and  for  restraining 
unnecessary  competition  by  either  Government  or  private  capital, 
there  will  unquestionably  be  a  quick,  large,  economical  and  thorough 
development  of  the  water  powers. 

To  my  mind  the  only  way  this  water  power  question  can  be 
promptly  and  correctly  solved,  as  a  fuel  conservation  problem  or 
otherwise,  is  by  so  educating  the  people  on  every  phase  of  the  sub- 
ject that  they  will  not  only  support  and  approve,  but  will  insist  upon 
the  adequate  and  sane  legislation  now  so  much  needed.  Can  we  not 
learn  much  from  our  conservation  friends  if  we  recognize  that  their 
aims  are  high  ?  Cannot  our  conservation  friends  learn  much  from 
us  if  they  appreciate  that  our  practical  experience  is  of  value,  and 
we.  too,  are  honestly  seeking  the  correct  solution  of  the  common 
problem  ? 


VARIOUS  PHASES  OF  LOW-PRESSURE  TURBINE 
WORK* 

EDWIN   D.   DREYFUS 

THE  low  pressure  turbine  has  become  such  an  important  econ- 
omic factor  in  power-plant  engineering,  that  a  survey  of 
its  possibilities  and  present  uses,  should  be  in  no  small  de- 
gree interesting  and  profitable.  A  great  many  low-pressure  turbine 
plants  have  been  installed,  varying  widely  in  their  general  character, 
but  having  one  common  feature ;  i.  c.  that  the  economic  results 
achieved  were  immediate  and  marked.  While  the  low-pressure 
turbine  has  been  most  generally  used  for  increasing  the  capacity 
of  plants  consisting  of  reciprocating  steam  engines  which  are  in 
good  physical  condition,  there  are  sundry  other  special  applications 
which,  although  less  usual,  are  perhaps  correspondingly  the  more 
interesting. 

In  view,  therefore,  of  the  important  devdopments  which  have 
taken  place,  it  is  a  safe  assertion  that  the  low-pressure  turbine  may 
be  economically  applied  for  increasing  capacity  in  all  types  of  plants 
using  steam  engine  power  and,  ordinarily,  irrespective  of  working 
conditions  or  location  of  the  apparatus.  Its  adoption  truly  estab- 
lishes a  rehabilitation  of  the  reciprocating  engine;  first,  in  preserv- 
ing its  appraised  value  and  minimizing  the  total  plant  investment 
and  second,  through  combined  operation,  improving  the  steam 
economy  to  the  present  high  standards. 

If  the  design  of  the  turbine  and  its  auxiliary  mechanism  had 
been  suitable  for  but  a  single  rigid  condition,  the  progress  of  the  low- 
pressure  turbine  would  have  been  considerably  retarded.  But  there 
are  a  great  variety  of  conditions  to  which  the  turbine  may  be 
adapted,  and  these  provide  the  intended  scope  of  this  paper.  The 
theory  and  demonstration  of  the  utility  of  the  low-pressure  turbine 
will,  therefore,  be  only  briefly  considered  in  the  accompanying  ap- 
pendix, since  they  have  heretofore  been  well  discussed. 

CLASSIFICATION    OF    LOW-PRESSURE    TURBINE   INSTALLATIONS 

a — Addition  to  a  well-arranged  and  symmetrical  al- 
ternating or  direct-current  power-generating  station,  con- 
densing or  non-condensing. 


*A  paper  read  before  the  Providence  Assoc,  of  Mech.  Engineers,  Feb. 
28,  191 1. 
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b — Extension  of  poorly-designed  stations  with  dis- 
similar units. 

c — Increased  capacity  for  mills  driven  mechanically 
hy  main  engine. 

d — Mills  with  widely  distributed  engines,  demanding 
more  power. 

e — Conservation  of  waste  in  intermittently-operated 
and  reversing  engines. 

/ — Variable  alternating-current  electrical  load  for 
low-pressure  turbine  with  luiiform  mechanical  or  direct- 
current  load  for  engine  and  vice  versa. 

g — Utilization  of  gas  engine  waste  heat. 

CHARACTERISTICS   OF    SYSTEMS 

The  nature  of  both  the  ai)plication  of  and  the  demand  for 
continuous  power  from  the  low-pressure  turbine  has,  in  the  dif- 
ferent cases  above  enumerated,  evolved  the  following  systems : 

I — Turbine   without   governor. 

2 — Simple  low-pressure  turbine  having  governor 
control,  with  supplementary  live  steam  admission  valve. 

3^Use  of  synchronous  motor  providing  an  electrical 
and  mechanical  tie  with  the  main  belt  or  rope  wheel  engine. 

4 — Governor  operating  valve  by-passing  steam  to 
condenser. 

5 — Heat  regenerators  and  accu  viulators. 

6 — Mixed  flow  turbine  with  high-pressure  element. 

7 — Heat  storage  systems. 

COMBINED    ENGINE-TURBINE    UNIT 

This  division  proposes  to  cover  what  is  to  be  considered  the 
simplest  type  of  plant,  where  the  low-pressure  turbine,  with  the 
engine,  forms  either  a  compound  or  triple  expansion  unit.  The 
electrical  interlocking  of  the  engine  and  the  turbine  generators 
allows  all  governing  to  be  cared  for  by  the  one  regulator  on  the 
engine,  the  low-pressure  turbine  performing  similar  to  a  low-pres- 
sure cylinder  with  a  fixed  cut  ofT.  Fortunately  for  the  compound 
engine  (of  large  cylinder  ratio  especially),  a  variable  back  pres- 
sure is  imposed,  which  obviates  objectionable  pressure  looping  and 
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pounding  of  the  exhaust  valves  on  Hght  loads.  In  addition  to  this 
mechanical  consideration,  a  gain  in  efficiency  of  about  five  percent 
is  realized,  due  to  the  more  economical  intermediate  pressures  estab- 
lished for  the  varying  loads,  as  brought  out  in  Fig.  i.  Evidently 
with  a  long  and  non-air-tight  exhaust  system,  variable  pressure 
operation  would  not  be  recommended.     The  practice  of   allowing 

the  pressure  between  the 
engine  and  the  turbine  to 
fall  below  atmosphere,  was 
looked  upon  bv  some  de- 
signers and  engineers  with 
disfavor  at  the  outset,  but 
experience  gained  in  man}- 
low-pressure  turljine  plants 
has  confirmed  its  advisa- 
bility. As  an  example  of 
this  application,  Figs.  2 
and  3  show  plants  original- 
ly non-condensing  and  con- 
densing where  turbines 
without  governors  have 
been  installed. 

It  may  at  lirst  seem 
logical,  from  the  view  point 
of  steam  economy,  for  the 
combination  engine  and 
turbine  unit  ito  be  stipu- 
lated for  new  power  equip- 
m  e  n  t  s  .  However,  the 
question  of  ultimate  costs 
must  be  considered  and, 
owing  to  the  greater  initial 
maintenance  and  operating  expense,  we  find  ourselves  obliged  to 
accept  the  simple  turbine,  especially  for  electric  generation,  and 
with  possible  exceptions  where  favorable  disposition  of  both  me- 
chanical and  electrical  load  may  exist. 

The  preceding  discussion  relating  to  constant  vs.  variable  ex- 
haust-pressure operation,  applies  chiefly  to  the  normal  condensing 
cylinder  ratio  of  four  to  one.  For  non-condensing  compound 
cylinders,  the  mechanical  advantage  of  the  latter  system  more  or 
less  vanishes.     On  th^  other  hand,  with  cylinder  ratios  exceeding 
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FIG.  I — WATER  RATES  FOR  22  AND  44  BY'  42 
INCH  CORLISS  ENGINE  AND  75O  KW  LOW- 
PRESSURE    TURBINE 

A — Curve  showing  combined  water  rate 
with   constant   exhaust  pressure   on   engine. 

B — Curve  showing  combined  water  rate 
with  variable  exhaust  pressure. 

C — Water  rate  of  engine  alone  operating 
at  150-lbs.  guage  pressure  dry  steam,  26-in. 
vacuum. 
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four  to  one,  looping  difficulties  assume  a  serious  aspect.  Fre- 
quently condensing  cylinders  have  been  bushed  to  obviate  trouble 
with  the  exhaust  valve,  more  particularly  where  constant  back  pres- 
sure is  maintained.  As  alteration  of  the  engine  invariably  entails 
heavy  expense  and  interruption,  it  is  generally  to  be  avoided,  If 
necessary,  low-pressure  turbines  may  be  installed  for  initial  pres- 
sures of  eight  pounds  absolute  or  less.  In  fact,  they  have  been 
built  to  begin  expansion  from  the  terminal  pressure  in  a  compound 
engine  and  carry  it  out  economically  to  the  lowest  practicable  back 
pressure.     Obviously  such  a  turbine  would  not  be  commercially  at- 


FIG.    2 — I  000    KW     LOW-PRESSURE    TURBINE    USING    STEAM    FROM 
HORIZONTAL   ENGINES 

Colorado   Springs  Electric   Company,   Colorado   Springs,   Colo. 

tractive.  In  large  ratio  engines,  these  considerations  have  induced 
a  study  of  ways  and  means  to  obviate  the  expense  of  greatly  modi- 
fying the  engine.  It  has  been  found  possible  to  do  this  by  advanc- 
ing the  point  of  release  in  the  low-pressure  cylinder  and  simultan- 
eously retarding  the  point  of  exhaust  valve  closure.  The  result 
of  removing  the  negative  work,  both  from  over  expansion  and 
compression,  may  be  seen  in  Fig.  4.  Actual  drawings  and  the 
steam  diagram  of  a  four  and  one-half  to  one  engine  were  employed 
in  proving  the  merits  of  this  scheme.  In  the  combined  diagram 
(upper  half  of  Fig.  4),  the  heavy  lines  represent  the  nature  of  the 
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indicator  card  desired.  Tlie  dotted  lines  complete  the  card  that 
would  obtain  with  normal  cut-off  in  the  high-pressure  cylinder 
under  the  conditions  for  which  the  engine  was  originally  designed, 
and  the  dot  and  dash  lines  show  the  looping  that  would  be  en- 
countered with  atmospheric  back  pressure  if  no  changes  were 
made. 

When  the  expansion  in  the  low-pressure  cylinder  has  reached 
approximately  the  re-established  back  pressure  (17  lbs.  abs.),  re- 
lease takes  place,  and  the  steam  pressure  in  the  cylinder  for  the  re- 
mainder of  the  stroke,  will  correspond  to  this  back  pressure.     The 


FIG.   3 — LOW-PRESSURE  TURBINE  OPERATED  BY  EXHAUST  FROM 
HORIZONTAL   ENGINES 

Western  Ohio  Railways  Company,  St.  Marys,  Ohio. 

simplest  means  of  accomplishing  these  results  for  the  engine  in 
question,  was  found  by  changing  the  angular  position  of  the  valve 
on  the  stem,  as  illustrated  in  the  dotted  and  full  lines.  With  the 
original  valve  setting  shown  in  dotted  lines,  the  exhaust  opening 
does  not  occur  until  the  piston  nears  the  end  of  its  stroke,  but  by 
being  advanced  to  the  point  shown  by  the  heavy  lines,  expansion 
is  discontinued  and  looping  avoided. 

All  that  may  be  required  is  a  new  valve  stem,  on  account  of 
the  new  location  of  the  key  seat.  Besides,  it  may  be  necessary  to 
increase   the  valve  port  by  chipping  off  the  metal  at  D   and  D^, 
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Fig.  4,  to  preveiiL  cramping  of  the  exhaust  on  the  return  stroke. 
Early  release  simultaneously  accomplishes  a  delay  in  the  closing 
of  the  exhaust  valve,  so  that  over-compression,  shown  in  the 
cross-hatched  area  B,  is  avoided.  This  particular  engine  possesses 
a  large  amount  of  lap  that  simplifies  the  problem  very  much.  While 
B  |.-H.p.^-ox5^^^    this     method    of     oper- 

'50  ating  may  not  prove 
feasible  in  all  designs  of 
engines,  it  is  practicable 
with  the  majority. 

THE   USE   OF   AN   AUXILI- 
ARY LIVE  STEAM   AD- 
MISSION   VALVE 


\\'here  sufficient 
exhaust  steam  is  con- 
stantly available  for 
operating  the  low-pres- 
sure turbine,  the  simple 
design  without  governor 
is  preferable.  Adequate 
provision  is  obviously 
essential  in  the  power 
plant  to  insnre  continu- 
ity of  service.  With 
the  low-pressure  turbine 
constituting  only  a  small 
l)art  of  the  entire  gener- 
ating ca])acity,  the  reduc- 
tion or  cessation  of  its 
out]xit,  due  to  a  de- 
ficiency in  the  exhaust 
steam  suppl}-.  may  (K^'a- 
rUit   when,   as   frequently 
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sion   little  embarrassment   in  operation. 


found,  the  addition  of  the  low-pressure  turbine  doubles  the  possible 
output  of  the  original  equipment  and  the  actual  load  is  increased  cor- 
respondingly ,then  some  factor  of  safety  should  be  introduced.  This 
is  ideally  secured  by  employment  of  a  throttling  live  steam  admission 
valve.  Orchnarly,  for  plants  satisfactorily  maintained,  the  occasion 
for  operating  the  low-pressure  turbine  on  live  steam,  is  rare,  and  con- 
sequently the  consideration  of  economy  during  such  periods  may  be 
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safely  neglected.  Itz^^'oiild  not  overtax  the  capacity  of  the  boiler  plant, 
in  any  event,  as  it  may  appear  at  first,  as  the  turbine  would  con- 
tinue to  develop  power  with  about  the  same  steam  consumption  as 
previously,  improving  probably  six  percent  from  the  resulting  sup- 
erheating. Even  with  a  rapidly  fluctuating  main-engine  load,  it 
proves  advantageous.  Boilers  cannot  be  regulated  sufficiently  to 
provide  for  sudden  decrease  in  the  steam  used,  the  pressure  re- 
lieving through  the  safety  valve.  Thus  the  low-pressure  turbine 
equipped  with  the  auxiliary  valve,  will  just  absorb  the  steam  other- 
wise wasted  to  the  atmosphere.  Hence  the  controlling  of  this  valve, 
performs   a  function  parallel,  in  a  sense,   to  the  regenerator,  and 

Condenser 


FIG.     5 — PLAN    OF    LOW-PRESSURE    TURBINE    SYSTEM    USING 
SYNCHRONOUS   MOTOR   TIE 

with  maximum  simplicity.  It  is  plain  no  improvement  will  result 
in  employing  an  efficient  high-pressure  element  in  the  turbine  under 
these  conditions.  Both  the  main  atmospheric  and  auxiliary  live 
steam  valves  are  of  the  throttling  type.  The  interposition  of  a  regu- 
lating valve  between  the  engine  and  the  turbine,  does  not  remove 
the  possibility  of  variable-pressure  operation.  Adjustment  of  a 
counter-balancing  spring  on  the  low-pressure  turbine  governor, 
may  be  made  so  that  the  admission  valve  in  the  main  exhaust  line 
will  remain  open,  unless  the  synchronous  speed  of  the  turbine  should 
increase  a  predetermined  amount  above  that  of  the  engine,  obvi- 
ating throttling  losses  over  practically  all  ranges  in  load. 
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EMPLOYMENT    OF  A   SYNCHRONOUS    MOTOR   TIE 

Manifestly  a  positive  interlocking  of  the  low-pressure  tur- 
bine with  the  main  engine  must  be  effected  in  order  that  direct  com- 
pounding with  the  engine  may  be  accomplished.  In  electric-gener- 
ating stations,  the  problem  is  immediately  solved  through  genera- 
tors of  identical  characteristics,  the  synchronizing  force,  in  alterna- 
tors particularly,  establishing  a  certain  bond.  In  mills  mechanically 
driven,  the  absence  of  an  immediate  coupling  of  the  engine  and  low- 
pressure  turbine,  has  been  circumvented  through  the  provision  of  a 


FIG.    6 — DIAGRAMMATIC    LAYOUT    OF    EXHAUST    PIPE    LINES    TO 
LOW-PRESSURE   TURBINE 

At  works  of  American  Iron  &   Steel  Mfg.   Company,   Lebanon,   Pa. 
synchronous  motor  connected  with  same  shafting  as  the  engine  and 
running  in  parallel  with  the  turbine  alternator. 

A  representative  layout  of  this  type  of  installation  is  shown 
in  Fig.  5,  in  which  all  essential  apparatus  is  included.  The  main  ad- 
vantage in  this  arrangement  is  the  interchange  of  load  provided  be- 
tween the  engine  and  turbine.  An  external  electrical  load  may  also 
be  supplied  to  the  extent  of  75  percent  of  the  capacity  of  the  tur- 
bine and  motor.  In  this  way  the  synchronous  motor  may  alternate- 
ly serve  as  motor  or  generator.  Through  the  joint  electrical  and 
mechanical  coupling,  the  governor  for  the  turbine  may  be  omitted, 
regulation  being  accomplished  entirely  by  the  engine.  Here  the 
turbine  inlet  and  engine  back  pressure  automatically  adjust  them- 
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selves  with  the  load,  contributing  towards  the  best  mechanical  and 
electrical  performance. 

WIDELY   DISTRIBUTED   ENGINES 

During  the  early  period  of  the  development  of  the  low-pressure 
turbine  field,  it  was  deemed  requisite  that  the  source  of  exhaust  sup- 
ply be  fairly  concentrated  and  adjacent  to  the  most  desirable  location 
for  the  turbine.  This  was  especially  so  with  a  diversity  of  small 
engines.  However,  attractive  economies  have  been  revealed  at 
several  industrial  works  which  have  inaugurated  installations  of  ex- 


FIC.    7 1  000    K\V     LOW-PRESSURE   TURBINE    SET 

At  works  of  American  Iron  &  Steel  Mfg.  Company,  Lebanon,  Pa. 

traordinary  interest.  An  example  is  shown  in  Fig.  6,  in  which  case 
the  exhaust  of  thirteen  widely-separated  non-condensing  engines 
has  been  conserved  and  delivered  through  the  extensive  "tributary" 
piping  system  illustrated  to  the  low-pressure  turbine,  Fig.  7,  located 
in  a  central  power  house.  The  value  of  the  low-pressure  turbine  thus 
becomes  very  significant  when,  as  in  this  case,  an  additional  out- 
put of  I  000  kw  can  be  generated  without  increased  expenditure  in 
fuel.  This  system  comprises  2  475  lineal  feet  of  piping,  varying  in 
diameter  from  five  inch  feeders  to  a  28-inch  header,  terminating  in 
a  large  oil  and  moisture  separator  eight  feet  in  diameter  and  16 
feet  in  depth.     Suitable  expansion  joints  are  provided  at  required 
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intervals,  and  all  piping  is  carried  overhead,  lagged,  and  supported 
on  pipe  frame  work. 

Conservative  estimates  show  that  an  electrical  horse-power  year 
with  these  conditions  of  operation,  is  being  produced  in  the  low- 
pressure  turbine  plant  at  $5.50,  including  all  charges.  In  an  equiv- 
alent high-grade  condensing  steam  station,  corresponding  power 
costs  would  range  from  $16  to  $.45  with  coal  varying  from  $1  to  $6, 
and  $22  to  $35  in  a  gas  plant  for  the  same  conditions  and  range  of 
coal  prices. 


fig.   8 — i  000   kw    low-pressure  turbine   set  with   governor 

(in  foreground) 

Pressed   Steel   Car   Company,   McKees   Rocks.   Pat 

At  the  Pressed  Steel  Car  Works,  McKees  Rocks,  Pa.,  a  low- 
pressure  turbine  was  installed  in  1908  to  operate  on  the  exhaust 
from  a  non-condensing  pumping  and  compressor  station  adjacent 
to  the  power  house.  Later  a  500  kw  low-pressure  turbine  of  the 
same  type  was  added.  An  interior  view  of  this  plant  is  given  in 
Fig.  8,  showing  the  i  000  kw  low-pressure  turbine  first  installed. 
It  is  very  seldom  that  any  part  of  the  high-pressure  etiuipment 
(now  held  in  reserve,  and  shown  in  the  background)  is  used, 
excepting  in  extremely  cold  weather,  when  large  quantities  of  the 
exhaust  steam  are  diverted  to  the  shop  heating  system.  This 
clearly  evidences  a  large  reduction  in  fuel  consumption. 
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There  are  two  objects  in  showing,  in  Fig.  9,  the  750  kw  tur- 
bine installed  by  the  Lorraine  ^Ifg.  Co.,  Pawtucket,  R.  I.  Firstly, 
it  possesses  the  type  of  governor  described  in  this  division,  and 
secondly  it  is  operated  in  parallel  with  the  main  engine  through 
synchronous  motor  control.  In  this  installation  a  large  external 
electrical  load  is  supplied  alternately  or  jointly  from  the  engine  and 
turbine.  On  the  other  hand,  the  turbine  assists  the  engine  in  event 
of  a  heavily  increased  mechanical  load. 


FIG.    9 — 750    K\\-    LOW-PRESSURE   TURBINE    SET    WITH    GOVERNOR 

At  works  of  Lorraine   Mfg.  Company,  Pawtucket,  R.  I. 


ENGINE   AND  TURBINE   LOADS  DISSIMILAR TURBINE    NOT 

fON.SUMING    ENTIRE    EXHAUST 

There  are  specific  cases  where  the  low-pressure  turbine  may 
be  profitably  installed  in  connection  with  a  reciprocating  engine  con- 
densing plant  without  the  entire  amount  of  engine  or  pump  exhaust 
being  utilized  in  the  turbine.  If  the  surplus  steam  over  and  above 
the  quantity  required  by  the  turbine  during  any  period  be  permitted 
to  escape  at  a  pre-determined  pressure,  a  certain  loss  in  energy 
would  be  occasioned,  which  might  otherwise  be  avoided  through  the 
medium  of  a  partial  vacuum  produced  on  the  high-pressure  ap- 
paratus. To  satisfy  this  requirement,  a  governing  system  has 
been  developed  for  low-pressure  turbines  wdiich  controls  the  flow 
of  exhaust  steam  in  such  a  way  as  to  continually  deliver  to  the 
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turbine  the  amount  of  steam  necessary  to  carry  its  load  and  to  by- 
pass to  the  condenser  any  existing  excess.  Manifestly  the  back 
pressure  on  the  engine  always  corresponds  with  the  turbine  inlet 
pressure  which,  in  turn,  is  proportional  to  its  load.  Consequently, 
that  part  of  the  steam  passing  through  the  turbine,  is  used  with  a 
relatively  high  degree  of  efficiency,  while  the  remainder  is  throttle-l 
through  only  a  small  range  in  pressure  by  the  governor  valve,  oc- 
casioning a  minimum  loss  from  free  expansion  of  the  excess  steam. 
The  advantages  of  this  arrangement  are : 

a — Ability  to  apply  a  low-pressure  turbine  econom- 
ically to  high-pres- 
sure apparatus  with 
dififerent  load  char- 
acteristics. 

h — O  b  V  i  a  t  e  s 
the  necessity  of 
having  the  high- 
pressure  engines  op- 
erate continually  at 
the  back  pressure 
required  to  carry 
maximum  load  on 
the  turbine,  as  in 
the  case  where  a 
governor  controls 
only  the  supply  to 
the  low  -  pressure 
turbine.  With  the 
latter  type  at  loads 
less  than  rating  on  the  turbine,  the  excess  steam  would  es- 
cape at  relief  pressure,  entailing  a  corresponding  loss  in 
energy.  It  will,  therefore,  be  unnecessary  to  cut  in  and 
out  the  engines  serving  the  low-pressure  turbine  with  the 
new  valve  to  accommodate  the  load  on  the  turbine. 

c — Extension  of  existing  capacity  to  secure  high  effi- 
ciency in  the  new  and  old  equipment. 

d — Simplification  of  station  arrangement,  less  piping 
and  floor  space ;  one  condenser  for  steam  passing  through 
high  and  low  pressure  elements. 

The  first  two  items  are  peculiar  to  this  system  of  governing, 
while  the  last  two  are  common  to  all. 


^J^ 


FIG.  10 — VIEW  OF  GOVERNOR  END  OF  LOW-PRES- 
SURE TURBINE  WITH  GOVERNOR  CONTROLLED 
BY-PASS    VALVE 
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Assembly — The  arrangement  of  the  by-pass  valve  connected 
to  the  turbine,  is  shown  in  Fig.  10.  This  is  a  detail  view  of  one  of 
the  two  600  kw  units  of  the  Havana  Railways  Company. 

An  arrangement  plan  for  a  turbine  installed  to  operate  on  the 
exhaust  from  a  cross-compound,  direct-current  unit,  is  shown  in 
Fig.  II,  which  explains  the  principal  features  embodied  in  the  above 
scheme. 

Economy — This  method  of  operation  is  best  suited  to  cases 
where  high-pressure  units  operate  at  practically  constant  load,  or  a 


vVRKAXGEMENT    OF    EXGIXE    AND    LOW-PRESSURE    TURBINE 
WITH    BV-PASS    VALVE 


system  of  engines,  pumps  and  compressors,  exhausting  in  the  aggre- 
gate, a  nearly  uniform  supply  of  steam. 

//  tJic  turbine  does  not  constantly  require  all  the  available 
exhaust  from  the  high-pressure  units,  the  latter  may  be  made  to 
reap  the  benefit  of  reduced  back  pressure  when  the  turbine  is  carry- 
ing a  light  load.  A  turbine  at  no  load  would  require  an  inlet  pres- 
sure of  about  five  pounds  absolute  for  a  vacuum  between  26  and  27 
inches,  and  correspondingly  lower  for  higher  vacuum.     As  the  im- 
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portant  feature  of  by-pass  governing  is  to  maintain  automatically 
a  pressure  in  the  exhaust  line  from  the  engine  equivalent  to  the 
required  inlet  pressure  at  the  turbine,  the  engines  would  then  ex- 
haust at  about  five  pounds  absolute  v^hen  the  load  falls  off  on  the 
turbine.  It  is  safe  to  say  that  the  gain  of  the  simple  engine  will  be 
approximately  proportional  to  the  decrease  in  back  pressure. 

Illustration — Since  a  simple  engine  should  have  a  mean  eltec- 
tive  pressure  of  50  lbs.,  each  pound  reduction  in  back  pressure 
would  produce  an  improvement  close  to  t\^'0  percent.  As  the  back 
pressure  will  be  lowered  ten  pounds  approximately  when  the  turbine 
is  carrying  no  load,  the  corresponding  betterment  is  roughly  20 
percent.  Hence,  between  the  limits  of  the  low-pressure  turbine  tak- 
ing its  full-load  steam  and  producing  over  100  percent  better  re- 
sults, and  its  no-load  consumption,  the  fuel  saving  will  vary  from 
20  to  50  percent. 

The  foregoing  discussion  applies  mainly  to  small  apparatus 
where  the  saving  must  necessarily  be  considered  in  order  to  have 
any  material  effect  upon  the  general  economy  of  the  plant.  Where 
large  units  exist  and  fuel  is  an  appreciable  factor  in  the  production 
of  power,  the  low-pressure  turbine,  with  by-pass  operation,  may 
introduce  important  economical  returns.  Such  cases  occur  princi- 
pally in  connection  with  existing  direct-current  railway  power 
plants  where  extension  becomes  necessary  for  outlying  ro- 
tary sub-stations.  The  service  in  the  bordering  and  sparsely 
settled  territory,  is  naturally  infrequent  in  comparison  with  impor- 
tant streets  and  centers.  Consequently,  the  alternating-current  low- 
pressure  turbine  units  would  operate  on  a  comparatively  variable 
load,  and  the  by-pass  system  will  thus  effect  the  most  economical 
station  results.  This  is  analogous  to  the  conditions  surrounding  the 
installation  of  low-pressure  turbines  at  the  Havana  Railway  plant. 

At  present  the  prevalent  type  of  blowing  engines  in  the  steel 
mills  have  compound  Corliss  cylinders.  It  is  practicable  to  install 
this  particular  low-pressure  turbine  system  to  furnish  the  varying 
power  requirements  of  the  mills  and  operate  with  high  economy  in 
connection  with  the  constantly  loaded  blowing  units. 

In  low-pressure  turbine  installations  with  by-pass  governors, 
it  is  not  necessary  that  the  turbine  be  large  enough  to  utilise  all  the 
exhaust  of  the  engine  at,  say,  atmospheric  pressure.  The  most 
desirable  intermediate  pressure  and  the  percentage  of  the  exhaust 
to  pass  through  the  turbine  is,  to  a  great  degree,  elective. 
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In  Fig.  12,  the  total  steam  line  C  of  the  750  kw  low-pressure 
turbine,  is  given,  and  also  the  corresponding  inter.r.ediate  pressure 
line  E,  one  pound  being  added  to  the  turbine  inlet  pressure  for 
receiver  drop.  In  addition,  the  total  steam  line  D,  of  a  i  200  kw 
cross-compound  direct-current  engine  unit  is  included,  differing, 
however,  from  the  customary  representation,  in  that  it  is  plotted  for 
constant  output  against  the  varying  back  pressures  established  by 
the  by-pass  governing  system  from  no-load  to  full-load  on  the  tur- 
bine. Manifestly,  where  lines  D  and  C  cross,  the  turbine  is  con- 
suming the  entire  engine  exhaust.     To  the  left  of  this  point,  the 

disparity  between  the 
two  shows  the  quan- 
tity of  steam  by-pass- 
ed, and  to  the  right, 
the  surplus  steam  ad- 
mitted by  the  live  steam 
valve  to  carry  the  over- 
loads on  the  turbine. 
Reduced  to  the  unit 
water  rate,  the  gain  be- 
comes very  apparent, 
as  shown  in  Fig.  13. 
The  engine  rate  obtain- 
ing for  blowing  or  di- 
rect-current units,  with 
the  average  condition  of 
maintenance,  is  about 
20    lbs.    per    kilowatt- 


-PERIODS   OF   OPERATION    OF    BY-PASS    ANE 
AUXILIARY    LIVE-STEAM    VALVES 

Total  steam  consumption  of  compound  engi___ 
operating  at  constant  load.  7200  kw  and  750  kw  hour,  as  indicated  by  the 
low-pressure  turbine  with  by-pass  governor  and  broken  line  H  Curve 
varymg  load.  v.^     »v, 

G  shows  the  equiva- 
lent combined  water  rate  with  variable  load  on  the  turbine,  deter- 
mined from  the  total  steam  lines  D  and  C,  Fig.  12,  tlie  combined 
output  being  read  on  the  lower  horizontal  scale.  The  inprovement 
secured  by  this  method  of  operation,  is  therefore,  from  25  percent 
at  full  load  on  the  turbine,  to  approximately  10  percent  at  half-load. 
If  it  had  been  assumed  that  the  proposition  would  have  demanded  a 
larger  low-pressure  turbine  capacity,  the  showing  for  combined 
operation  with  by-pass  governing  would  have  been  still  more  promi- 
nent. 

With  a  direct  operating  governor  admitting  exhaust  steam  to 
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the  low-pressure  turbine  according  to  the  load  requirements,  the 
atmospheric  valve  would  be  set  to  carry  the  peak  on  the  low-pres- 
sure turbine,  and  conse- 
quently at  all  loads  less 
than  rating  on  the  tur- 
bine, part  of  the  steam 
would  be  wasted.  Ob- 
viously the  economy  of 
such  an  installation 
would  not  be  so  good  as 
that  obtained  with  the 
by-pass  system.  If  a 
complete  expansion  tur- 
bine be  installed  to  meet 
the  power  extensions, 
the  average  plant  steam 
economy  with  the  engine 
at  I  200  kw  and  the  tur- 


FIG.  13 — COMBINED   WATER  RATE,  ENGINE  LOAD  CON- 
STANT   AT    I  200    KW,    TURBINE    LOAD    VARYING 


Showing    advantages 
system. 

bine  load  varying 
would  agree  closely 
with  curve  /. 

There  are  evi- 
dently, many  addi- 
tional considerations 
which  may  enter  the 
plant  problem,  but  it 
is  quite  apparent 
that  where  approxi- 
mate conditions,  as 
above  noted,  prevail, 
considerable  oppor- 
tunity exists  for  in- 
creasing the  operat- 
ing efficiencies  along 
the    lines    presented. 

SUPPLYING  A  DIRECT- 
CURRENT  DEMAND 


of    by-pass    governnic 
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FIG.    14 — COMPARATIVE   STEAM    CONSUMPTIONS   OF   THREE 
ARRANGEMENTS     OF     DIRECT-CURRENT     TURBINE     SETS, 


150    LBS.    PRESSURE,    28-INCH    VACUUM 

Not  infrequent- 
ly the  power  developed  in  the  low-pressure  turbine  is  to  be  con- 
svtmed  in  direct-current  machinery  or  special  applications,  svich  as 


PHASES  OF  LOW-PRESSURE  TURBINE  WORK 


447 


electrolytic  processes,  etc.  Direct-current  generators  are  in- 
herently slow-speed  machines  and  hence  it  is  not  ordinar- 
ily feasible  to  couple  them  directly  to  steam  turbines.     To  build  and 


FIG.     15— GEARED    DIRECT-COX  XFCTEn     T'XIT 

With  covers  of  gear  case  and  turbine  removed. 

operate  direct-current  generators,  especially  for  high  speeds,  re- 
quires the  highest  degree  of  skill,  material,  workmanship  and  at- 
tendance to  secure  satisfactory  operation  and  economy.     There  has 


750  Kw  Direct  Conntcted  Direct-Current  Unit 
FIG.     16 COMPARATIVE    FLOOR    SPACE    DIMENSIONS 

Of    750    kw    direct-coupled    and    of    750    kw    geared    direct- 
current   units. 

consequently,  been  an  insistent  demand  for  the  employment  of 
standard,  direct-current  apparatus,  which  has  recently  been  satis- 
fied through  the  use  of  turbo-alternator  and   rotary  combinations 
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and  the  Melville-AIacalpine  flexible  reduction  gear.  Incident  there- 
to, a  substantial  betterment  in  economy  is  derived,  as  shown  in 
Fig.  14.  A  500  k\v  direct-current  low-pressure  turbine  unit  with 
reduction  gear,  is  shown  in  Fig.  15,  and  Fig.  16  shows  the  com- 
parative floor  space  of  the  two  types  of  direct-coupled  units,  both 
of  750  kw  capacity. 

INTERMITTENTLY   OPERATED  AND  REVERSING   ENGINES 

An  important  auxiliary  for  the  low-pressure  turbine  has 
been  devised  in  the  steam  regenerator  and  accumulator  which  aver- 
ages the  irregular  supply  of  exhaust  from  engines,  producing  a  fairly 
constant  flow  of  steam  to  the  turbine.  The  economies  thus  effected 
are  well  known.     The  turbine  is  enabled  to  produce  a  constant  out- 
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put,  and,  moreover,  large  quantities  are  prevented  from  being  wasted 
when  the  engines  are  under  heavy  load.  Its  practical  use,  how- 
ever, is  confined  to  periods  of  three  minutes  and  less,  and  the 
working  range  must  be  kept  within  four  pounds  to  realize  the 
desired  results.  For  constant  operation  of  the  engines,  the  apparent 
advantage  in  relieving  the  pulsations  of  steam  flowing  to  the  turbine, 
lies  in  j^ermitting  a  slightly  smaller  turljine  to  be  installed  and  oper- 
ated at  more  eflicient  load.  This,  however,  is  counter-balanced  by 
tlie  greater  expense  of  the  regenerator  installation  and  its  losses. 

PERIODIC   CESSATION   OF   EXHAUST   SUPPLY 

Conditions  may  be  encountered  at  times  conducing  toward  the 
use  of  a  low-pressure  turljine  with  the  exhaust  supj-dy  interrupted 
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for  certain  periods,  and  where  the  turbine  must  continue  in  opera- 
tion. Such  requirements  have  evolved  the  develop.r.ent  of  a  mixed 
flow  design,  Fig.  17,  possessing  good  economy  with  either  high  or 
low-pressure  steam.  But  the  advantage  of  this  type  may  be  easily 
confused.  The  low-pressure  turbine,  as  understood,  may  be  in- 
stalled without  governor,  with  auxiliary  throttling  valve,  or  of  mix- 
ed flow  construction,  containing  a  high-pressure  element.  Evident- 
ly there  are  conditions  obtaining  in  which  any  of  the  three  arrange- 
ments may  prove  superior  in  practical  operation.  It  is  now  well  ap- 
preciated that  the  ideal  application  of  the  low-pressure  turbine  is 
fulfilled  when  it  serves  as  a  low-pressure  cylinder  of  a  reciprocat- 
ing engine,  with  all  unnecessary  parts,  such  as  regulator,  governor, 
valves,  or  high-pressure  elements,  elirinated. 

For  infrequent  emergency  operation,  the  simplest  device  under 
governor  control  to  insure  continuity  of  service  either  on  high  or 
mixed  pressure  steam  (throttled),  commends  itself.  With  definite 
periods  of  use  of  a  high-pressure  source,  due  to  deficiencies  or 
cessation  of  exhaust  supply,  a  comparatively  efficient  mixed  flow 
turbine  comes  into  prominence,  providing  more  efficient  high-pres- 
sure sets  are  not  held  in  reserve.  Therefore,  where  the  load  is  to 
be  carried  on  high-pressure  steam  for  a  larger  part  of  the  elapsed 
time,  an  economical  high-pressure  condensing  turbine  should  be 
installed.  Selecting  a  mixed  flow  type  simply  because  the  turbine 
uses  steam  expansively  from  boiler  pressure  to  the  maintained  vac- 
uum and  may  be  had  at  very  little  increased  cost,  is  very  liable  to 
create  a  false  idea  of  its  commercial  economy. 

Systems  of  operation  which  aft'ect  the  selection  of  the  type  of 
low-pressure  turbine,  may  be  classified  as  shown  in  Table  I. 

In  the  subdivision  A,-  Case  i,  there  are  instances  in  steel  mill 
practice  where  the  boilers  are  forced  to  full  capacity  in  order  to 
supply  the  engines  their  full  quota  of  steam  without  a  large  drop 
in  pressure,  in  spite  of  the  fact  that  the  blooming,  plate  or  rail 
mills  may  be  shut  down  temporarily  waiting  for  ingots.  During 
these  periods  the  steam  blows  ofif  to  the  atomsphere  and  no  ad- 
vantage exists  in  providing  a  high-pressure  element  in  the  turbine. 

\\'hen  the  boiler  capacity  can  be  controlled  in  exact  conformity 
with  the  demand,  a  mixed-flow  turbine  has  an  advantage  for  cer- 
tain periods  of  intermittent  exhaust  supply.  But  where  the  engines 
exhausting  to  the  turbine  or  turbines  are  not  operating  for  a  con- 
siderable time  of  the  year,  it  remains  a  problem  whether  it  is  worth 
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while  to  install  the  more  complex  mixed-flow  tiirhine  and  obtain  30 
percent  better  efficiency  with  a  fuel  which  is  a  by-product  and 
otherwise  wasted,  as  in  blast  furnace  practice.  As  the  labor  with 
gas-fired  boilers  may  not  be  a  serious  factor,  and  furthermore  as  the 
continuation  of  a  boiler  in  service  causes  no  greater  depreciation 
than  alternate  heating  and  cooling  from  inconstant  use,  the  mixed 
pressure   type,    Case    2,   may   be    favored.      However,    if    fuel   cost 


TABLE  T— SYSTEMS  OF  OPERATION 

Boilers  maintained 
at  normal  steam- 
ing rate  to  serve 
heavy  instanta- 
neous demands. 


Case  I 


High-pressure  en- 
gine and  low- 
pressure  turbines 
supplying  d  i  f- 
ferent  loads.  All 
1  o  w-p  r  e  s  s  u  r  e 
steam  used  at 
constant  p  r  e  s- 
sure  slightly  ex- 
ceeding atmos- 
phere. 


Cas 


Parallel  operation 
of  all  generating 
apparatus.  All 
1  o  \v-p  r  e  s  s  u  r  e 
turbines  w  o  r  k- 
i  n  g  preferably 
with  variable 
pressure  opera- 
tion. 


['Boilers  controlled 
\  to  accommodate 
[_     existing  loads. 

'Low-pressure  tur- 
b  i  n  e  c  o  n- 
tinned  in  op- 
eratic n  with 
high-p  r  e  s  s  u  r  e 
units  out  of  ser- 
vice, depending 
on  length  of 
periods  involved. 


(Low-pressure  tur- 
bine installed 
primarily  for 
economy. 

r  Installation  increas- 
I       ed  primarily  for 
B-j      capacity,   im- 
proved   economy 
t     incidental. 

r Effect  of  total  sta- 
C\      tion  capacity  on 

[_     selection. 


1  \  Fuel,  a  waste  product. 


2\  Purchased  fuel. 


W 


arge  station, 
manv  units. 


Small    station,    sin- 
gle or  few  units. 


must  be  reckoned  with  and  the  period  of  operation  on  high-pressure 
stean  is  considerable,  a  further  reduction  in  steam  consumption 
may  be  warranted. 

Case  I  applies  mainly  to  steel  mill  and  similar  industries. 
Case  2  represents  conditions  generally  obtaining  in  power  plant 
service.  There  are,  obviously,  exceptions,  as  for  example,  where 
the  main  units  operate  both  alternating  and  direct-current  genera- 
tors, and  perhaps  other  peculiar  local  circumstances,  but  the  classi- 
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cation  given  covers  the  field  broadly.  Sub-division  A,  Case  2,  would 
be  best  satisfied  by  a  simple  low-pressure  turbine,  as  the  implication 
follows  that  there  is  sufficient  protection  in  spare  high-pressure 
units  for  emergencies.  In  B  there  is  probably  plausible  reason  for 
the  adoption  of  mixed-flow  turbine,  especially  for  units  under 
500  kw  capacity.  But  for  larger  proposed  installations,  it  will  in 
all  probability,  prove  most  profitable  to  install  a  simple  low-pressure 
unit  to  work  on  all  the  available  exhaust  and  an  efficient  complete 
expansion  unit  to  supply  the  remaining  increase  in  load. 

It  is  a  comparatively  simple  problem  to  weigh  in  balance  the 
merits  of  the  different  low-pressure  turbine  arrangements.  Thus 
far,  there  have  been  but  very  few  installations  in  which  the  limited 
advantages  of  the  mixed  flow  principle  could  be  realized. 

UTILIZATION    OF    GAS    ENGINE    W^-\STE    HEAT 

Since  the  advent  of  the  low-pressure  turbine,   it  has  become 
feasible  to  economize  the  waste  heat  of  the  gas  engine  in  exhaust 
heaters  and  utilize  the  energy  directly  in  the  turbine  without  the 
introduction  of  high-pressure  boilers  and  coal-burning  furnaces  in 
the  plant.     Based  upon  the  actual  performance  of  the  component 
elements  of  such  a  plant,  the  following  results  may  be  achieved: 
For    Continuous    Operation — a — Employing    the    ex- 
haust heat  only,  six  to  eight  percent  heat  saving  over  the 
existing  economy  of  the  gas  engine. 

h — Abstracting  heat  from  l)oth  the  engine  exhaust  and 
jackets,  10  to  14  percent. 

For  Peak  Load  Operation — a — Storing  heat  from  the 
exhaust  over  periods  several  times  the  duration  of  the 
peak,  makes  it  possible  to  sustain  heavy  overloads  on  the 
plant,  resulting  in  appreciable  reduction  in  investment  for 
the  maximum  demand,  of  15  to  30  percent  normally,  in 
addition  to   fuel   saving. 

h — Operating  with  intermittent  storage,  the  variable 
swings  may  be  loaded  in  the  turbine,  enabling  the  engine 
and  producers  to  operate  under  most  favorable  conditions. 
Ultimate  improvement  about  15  percent  in  heat  consump- 
tion and  12  percent  in  investment.  Moreover,  the  auxiliary 
low-pressure  turbine  would  act  as  a  reserve  unit  to  relieve, 
partially  or  fully,  any  temporary  embarr£\s5me;it  of  the 
engine. 
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Heat  Storage — If  a  widely  changing  load  should  be  exper- 
ienced, providing  a  knv  loading  factor,  the  installation  of  the  aux- 
iliary plant  for  continuous  operation,  may  perhaps  prove  inadvisable 
as  the  fuel  expense  may  bear  only  a  small  relation  to  the  total  cost. 
But  by  accumulating  the  primary  waste  heat  in  a  storage  system 
and  utilizing  it  in  a  simple  and  comparatively  inexpensive  low-pres- 
sure turbine  auxiliary,  this  arrangement  will  aid  in  reducing  the 
capital  charges. 

Power,  in  the  form  of  heat,  may  be  stored  by  an  increase  in 
thermal  head  of  the  storage  medium,  exactly  the  same  as  water 
power  by  increasing  the  hydraulic  head.  Heat  storage  is  not  new, 
as  it  has  been  applied  in  steam  plants  where  hot  feed  water  is  ac- 
cumulated for  peak  loads,  and  similarly  in  the  principle  of  the 
steam  regenerator. 

The  conditions  where  the  auxiliary  low-pressure  turbine  may 
be  profitably  installed,  may  be  divided  mainly  into  two  classes,  viz : 
I — Low-pressure  turbine  operating  continuously  with 

uniform   load  on   the  plant,   as   exists   in  most   industrial 

works. 

II — Widely  varying  load  on  i)lant,  with  the  low-pres- 
sure  turbine   in  conjunction   with   a   heat-storage   system, 

serving  only  the  peak-load  swings. 

a — Fixed  peak,  as  in  central  lighting  stations. 

b — Irregular  peak,  such  as  on  an  interurban  railway 

with  infrequent  service. 

Projects  of  this  character  have  been  actually  applied 

abroad,  and  their  economic  possibilities  have  been  treated 

extensively  by  the  author  in  an  independent  paper. 

ECONOMY    RECORDS 

One  user  of  a  low-pressure  turbine  of  300  kw  capacity,  testifies: 
"The  station  factor  was  34  percent  previous  to  the  installation  of  the 
turhine,  and  21  percent  since  installation.  Coal  rate  per  kw-hr.  for  month 
previous_  to  starting  turbine,  7.37  lbs.  Coal  rate  per  kw-hr.  for  month  fol- 
lowing installation,  5.7  lbs.  This  has  been  cut  down  to  4.4  lbs.  for  one 
month's  average  lately  under  better  load  conditions.  Reduction  in  complete 
cost  for  year's  turbine  operation,  seven  months  out  of  twelve,  13  percent.  Do 
not  have  cost  figured  for  shorter  period  than  year.  The  turbine  operates 
very  satisfactorily  on  the  exhaust  of  either  engine  or  both,  and  governing  is 
greatly  improved  on  variable  motor  loads." 

The  above  must  evidently  be  treated  relatively  as  the  working 
conditions  are  those  obtaining  in  a  small  central  station  with 
heavy  standby  losses.  At  a  cotton  mill,  which  had  been  operated 
by  a  4.5  to  I  condensing  engine,  the  coal  consumption  has  been  re- 
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duced  to  1 .057  lbs.  per  horse-power  hour  under  normal  running  con- 
ditions, which  is  estimated  to  be  an  improvement  of  fully  20  percent 
over  the  previous  rate  of  coal  consumption. 

A    more    comprehensive    comparison    of    the    improvement    in 

TABLE  II— MONTHLY  OPERATING  COSTS 


Month 

Sept.,  1908 

Total  kilowatt-hours 

I  441  710 

Oct.,  1909 


I  421  430 


Fuel $0.004650 

Boiler  room  labor 

Engine  room  labor 

Water 

Oil,  waste,  etc 

Repairs,  steam 

Repairs,  electrical 

General  labor  and  repairs 

Sundry  expenses  and  supplies... 
Condensing  apparatus  repairs... 


.000930 
.000407 
.000160 

.1(00029 

.000309 
.000012 
.000013 
.000127 

.000000 


$0.0030600 
.0004850 
.0004830 
.0001609 
.0000836 
.0000879 
.0001408 

.0002300 


Total 


.006637 


$.0047312 


power  cost  secured  through  the  efficient  use  of  low-pressure  steam 
is  included  in  the  following  analysis  (Table  II)  of  the  records  of 
a  moderate  sized  central  station.  Months  have  been  selected  before 
and  after  the  installation  of  the  low-pressure  turbine,  in  which  the 

TABLE   III— CLASSIFICATION    OF   LOW-PRESSURE   TURBINE 
INSTALLATIONS 


Tndi'stry 

Number    of    Low-Pres- 
sure   Turbines 

19 
II 
8 
7 
4 
5 
2 
I 

Machine  Shops 

Cotton  Mills 

Chemical  and  Electrolytic 

Lio'hting  Companies     

Lumber  Mills 

Paper  Mills 

Mining 

General  Manufacturers 

2 
I 

Total 60                         1 

average  output  was  practically  the  same,  but  inasmuch  as  the  addi- 
tion of  the  low-pressure  turbine  has  enlarged  the  rating  of  the  plant, 
the  comparison  should  have  preferably  been  made  with  correspond- 
ing loading  factors.  It  is.  nevertheless,  plain  that  there  would  have 
been  a  further  reduction  in  operating  cost,  accentuating  the  value  of 
the  low-pressure  turbine. 
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FIG.     l8 — TEMPERATURE    ENTROPY    DIAGRAM 

Illustrating     the     available     energy     in     B.t.u. 
above  and  below   atmosphere. 


The  fuel  item  has  been  reduced  34.2  percent.  However,  it 
must  be  remembered  that  the  month  including  the  low-pressure 
unit,  was  influenced  by 
a  relatively  inferior 
load  factor.  There  has 
also  been  a  large  de- 
crease in  the  boiler 
room  labor,  viz.,  47.8 
percent.  It  seems 
plausible  that  the  in- 
creased economy  of  the 
boiler  room  should  ex- 
ceed the  percentage  re- 
duction in  fuel  when  it 
is  considered  that  the  ^t-^^'^^ 
overload  capacity  of  a 
combined  unit  is  ob- 
tained with  very  small 
increase  in  water  raite  while  a  non-condensing  engine  rapidly  falls 
off  on  overloads.     Consequently,  greater  preparation  for  peak  loads 

is   required   for  the  straight 
engine  plant. 

Regardless  of  the  addi- 
tional engine  room  machin- 
ery there  has  been  no  in- 
crease in  engine  room  labor 
due  to  the  simplicity  of  the 
turbine.  If  the  labor  were 
based  on  an  equivalent  rat- 
ing, it  would,  no  doubt,  be 
another  credit  item.  Taking 
into  consideration  the  in- 
creased investment,  a  net  im- 
jjrovement  of  19.5  percent 
in  overall  cost  has  been  ob- 
tained, regardless  of  the 
much   lower   load   factor. 

CONCLUSION 
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FIG.      19 LOSSES     FROM     INCOMPLETE 

EXPANSION 

Shown    by    indicator    and    tempera- 
ture-entropy   diagrams. 


The  recognition  accorded  the  low-pressure  turbine  is  evidenced 
by  the  summary  of  installations,  of  one  build  of  turbine,  presented 


PHASES  OF  LOU'-PRESSURE  TURBINE  WORK      455 

in  Table  III,  in  which  the  machines  have  been  classified  according 
to  the  nature  of  the  industry . 

The  choice  of  the  governing  systems  employed  in  the  above 
installations,  has  been  determined  largely  by  local  conditions,  which 
in  the  majority  of  instances,  have  dictated  the  use  of  the  auxiliary 
live-steam  admission  valve.  Electrical  interlocking  of  turbine  and 
engine,  dispensing  entirely  with  a  turbine  governor,  is  next  in  im- 
portance, while  the  synchronous  motor  scheme  ranks  third  and  the 
by-pass  device  fourth.  The  remaining  systems  have  been  used 
miscellaneously. 

It  is,  of  course,  to  be  expected  that  as  the  number  of  installa- 
tions increase,  the  above  sequence  mav  vary  somewhat  as  new 
fields  arise  in  the  application  of  different  governing  methods.  The 
order  given,  however,  indicates  their  respective  importance  at  the 
present  time. 

APPENDIX 
EFFICTENCY    RANGE — ENGINE   VS.    TURRINE 

Without  involving  intricate  technical  quantities,  the  theoretical  value 
of  the  adiabatic  expansion  of  steam  between  various  limits  may  be  under- 
stood from  the  temperature  entropy  diagram,  Fig.  18.  These  two  factors 
constitute  the  heat  content  of  steam,  analogous  to  weight  and  distance  or 
pressure  and  volume  in  work.  From  standard  steam  tables,  the  line  ak,  Fig. 
18.  representing  the  heat  of  the  liquid  and  ct,  the  saturation  line,  may  be 
obtained.  The  other  heat  actions  are  shown ;  thus,  steaming  along  be  obvi- 
ously at  constant  temperature  ;  cd  adiabatic  expansion  without  giving  up  or 
receiving  heat  from  an  external  source  (which  may  be  satisfied  only  by  a  verti- 
cal ordinate)  ;  and  finally,  da  exhausting  at  constant  temperature.  Thus  a 
heat  cycle  is  established  of  a  value  fully  equivalent  to  that  of  the  indicator 
card  of  the  reciprocating  engine.  By  including  the  line  ef  corresponding  to 
the  temperature  of  steam  at  atmospheric  pressure,  division  of  the  energy 
available  under  ordinary  conditions  above  and  below  atmosphere  is  forcibly 
shown,  thus  emphasizing  the  energy  in  steam  at  low  pressures.  Due  to  the 
ability  of  the  turbine  to  carry  out  economically  the  expansion  of  the  steam 
to  the  lower  practical  limit,  it  has  rapidly  exceeded  the  reciprocating  engine 
in  efficiency,  since  in  order  to  accomplish  the  same  results,  the  engine  would 
have  to  be  of  unreasonable  proportions  and  encumbered  by  heavy  friction 
and  cyclical  condensation  losses.  A  visual  conception  of  the  loss  from  in- 
complete expansion  may  be  had  from  Fig.  19,  in  which  the  work  theoretically 
performed  in  the  low-pressure  cylinder  is  represented  by  both  indicator  card 
and  temperature-entropy  diagrams. 

In  the  higher  range's,  as  for  instance  from  150  lbs.  to  atmospheric  pres- 
sure, the  expansion  may  be  readily  carried  out  in  the  steam  engine,  due  to 
small  volumes,  and  similarly  in  the  turbine.  In  the  former  the  density  of  the 
steam  offers  but  little  resistance  to  the  motion  of  the  engine  parts,  while 
with  the  turbine  the  "windage"  factor  and  leakage  is  sensibly  increased,  re- 
sulting in  engine  efficiencies  slightly  exceeding  in  non-condensing  operation. 
But  the  improvement  in  recent  turbine  design  has  greatly  reduced  the  dif- 
ference in  non-condensing  performance  of  the  two  types.  As  the  fuel  ex- 
pense is  not  necessarilv  of  great  moment  in  most  non-condensing  plants,  the 
turbine  may  easily  overbalance  the  better  steam  consumption  of  the  engme 
by  reason  of  its  mechanical  superiority. 


GROUNDED  AND  UNGROUNDED  TRANSMISSION 
CIRCUITS* 

J.  S.  PECK 

[This  is  the  eighth  of  the  series  of  articles  on  the  general  subject  of 
continuity  of  service  in  transmission  systems,  dealing  particularly  with  static 
stresses  and  line  troubles,  and  the  proper  protection  of  transmission  systems 
from  such  troubles^] 

THE  question  of  grounding  or  not  grounding  the  neutral  and 
of  the  best  method  of  connecting  transformers  is  one  of 
great  importance,  and  it  is  the  object  of  this  article  to  point 
out  some  of  the  conditions,  both  normal  and  abnormal,  which  arise 
with  different  systems  of  connections  with  and  without  grounded 
neutral. 

]'>}'  the  grounding  of  the  neutral  point  of  a  transmission  sys- 
tem it  is  sought : — 

I — To  limit  the  strain  from  line  wires  to  ground. 

II — To  limit  the  strain  l-etween  high-tension  and  low-tension 
windings  of  the  transformers,  also  between  high-tension  windings 
and  iron  core. 

There  are  a  number  of  different  ways  of  connecting  single 
transformers  for  transmission  work : — 

Single-phase,  two-phase,  three-phase-delta,  three-phase  T,  three- 
phase  V,  two-phase — three-phase,  three-phase-star,  three-phase-star- 
and-delta,  while  three-phase  transformers  of  either  the  shell  or  core 
type  may  have  their  windings  connected  delta-delta,  star-star,  delta- 
star,  or  star-delta. 

Consider  first  the  case  of  a  single-phase  transformer  unground- 
ed, with  high-tension  and  low-tension  voltage  taken  for  convenience 
as  10  GOO  and  i  ooo  respectively,  as  shown  in  Fig.  i.  There  is  evi- 
dently a  maximum  strain  of  lo  ooo  volts  from  one  high-tension  line 
wire  to  the  other.  If  the  circuits  are  insulated  and  symmetrical 
there  will  be  a  strain  of  5  000  volts  from  each  line  wire  to  ground, 
and  from  each  extremity  of  the  high-tension  winding  to  the  low- 
tension  winding  and  to  the  iron  core. 

If,  however,  the  circuits  are  not  symmetrical,  the  full  strain 
will  not  be  equally  divided,  and,  if  in  an  extreme  case  one  high- 
tension  wire  is  grounded,  there  will  be  a  strain  of  10  000  volts  from 
the  other  line  wire  to  ground;  similarly,  if  one  extremity  of  the 


^Revised  by  the  author  from  a  discussion  of  a  paper  by  Mr.  F.  O.  Flack- 
well,  read  before  the  American  Institute  of  Electrical  Engineers,  July,  1903. 
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high-tension  winding  be  connected  to  the  low-tension  winding  or 
to  the  core,  there  will  be  a  strain  of  loooo  volts  from  the  other 
extremity  of  the  high-tension  winding  to  the  low-tension  winding 
or  to  the  core.  The  actual  strain  between  adjacent  high-tension 
and  low-tension  windings  is  equal  to  the  high-tension  voltage  plus 
or  minus  the  low-tension  voltage,  depending  upon  the  arrange- 
ment and  connection  of  the  coils."'' 

If  the  middle  or  neutral  points  of  the  high-tension  and  low-ten- 
sion Windings  are  grounded,  the  iron  core  being  also  grounded,  as 
shown  in  Fig.  2,  then  as  long  as  the  circuits  are  in  balance  the  volt- 
age strains  will  be  the  same  as  with  the  windings  ungrounded  and 
balanced ;  but  in  case  of  a  ground  on  either  high-tension  or  low- 
tension  line,  or  in  case  of  a  connection  between  high-tension  and 

low-tension  windings,  a  por- 
tion of  the  windings  will  be 
short-circuited.  This  will,  in 
general,  blow  fuses  or  circuit 
breakers,  thus  cutting  the 
transformer  out  of  service;  or 
the  voltage  of  the  system  will 
be  lowered  to  such  an  extent 
as  to  call  attention  to  the 
trouble. 

Thus,  on  a  single-phase 
transmission  system,  the 
grounding  of  the  neutral  point 
of  primary  and  secondary 
windings  will  limit  the  strain  from  line  to  ground,  and  from  either 
extremity  of  high-tension  to  low-tension  and  iron  to  approximately 
one-half  of  the  normal  voltage  of  the  system.  If  the  neutral  of 
only  one  winding  is  grounded,  the  strain  from  this  winding  to 
ground  will  be  limited  to  approximately  one-half  of  its  normal 
voltage,  but  the  strain  from  the  ungrounded  winding  to  ground, 
to  iron  and  to  the  grounded  winding  will  not  be  thus  limited. 

In  considering  other  systems,  the  voltage  strains  between  pri- 
mary and  secondary  will  not  be  mentioned,  as  these  strains  are 
easily  calculated  when  the  voltage  on  the  transformers  and  the 
strain  to  ground  is  known.  A  short-circuit  on  a  system  will  be 
assumed  to  cut  out  the  transformers. 

*See  article  by  Mr.  C.  Fortescue  on  "Electrostatic  Stresses  and  Grouncl 
Connections"  in  the  Journal  for  March,  1910,  p.  266. 


FIG.  I — S  INGLE- 
PHASE,  I  000  TO 
10  000     VOLTS. 

Maximum  strain 
to  ground,  10  000 
volts. 


FIG.  2 — S  I  N  G  L  K- 
PHASE,  GROUND- 
ED NEUTRAL  S, 
I  000/10000  VOLTS 

Maximum  strain 
to  ground,  5000 
volts. 
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TWO-PHASE FOUR-WIRE   SYSTEM 

The  two-phase — four-wire  system  is  practically  a  double  single- 
phase  system,  and  the  conditions  for  grounded  and  ungrounded 
neutral  will  be  the  same  as  for  single-phase. 

TWO-PHASE THREE-WIRE  SYSTEM 

The  voltage  across  the  two  outside  wires  is  1.4  times  that  be- 
tween the  middle  and  either  outside  wire.  The  connections  and 
voltages  for  i  000  to  10  000  volt  transformers  are  shown  in  I;ig.  3. 
A  ground  on  the  middle  wire  will  give  a  strain  of  10  000  volts 
between  each  outside  wire  and  ground,  while  a  ground  upon  an  out- 
^'de  wire  will   s^ive  a   strain   of   10  000  volts   from  middle  wire  to 

ground,  and  of  14000  volts 
from  the  other  outside  wire 
t:)  ground. 

The  neutral  point  for 
tl>is  system  may  be  obtained 
from  the  middle  ])oint  of  an 
auto-trans  forn^er  connected 
across  the  transformer  wind- 
irgs.  In  this  case,  a  ground 
r-!:(*n  any  line  will  cause  a 
slKM't-circuit  on  the  trans- 
formers, thus  limiting  the 
strain  to  ground  to  approxi-' 
malely  seven-tenths  of  nor- 
mal  line  voltage. 

T  bus,  with  a  t  w  o  - 
four-wire  or  a  two- 
phase  —  three  -  wire  system, 
grounding  the  neutral  points  liiuits  the  strain  from  line  wires  to 
ground,  in  the  first  case  to  one-half  normal  voltage;  in  the  second 
case  to  seven-tenths  of  normal  voltage. 

In  general,  the  method  of  obtaining  the  neutral  point  by  means 
of  auto-transformers  is  not  feasible  on  high-tension  systems  on  ac- 
count of  the  comparatively  great  cost  of  an  auto-transformer  wound 
for  the  high-tension  voltage,  and  it  will  not  be  further  considered 
in  this  discussion. 

THREE-PHASE,    DELTA    SYSTEM 

With  the  three-phase,  delta  system,  shown  in  Fig.  4,  the  strain 
from  any  line  wire  to  ground  is,  with  the  system  in  perfect  balance, 


KU;.     3 — TWO-PHASE.     THREE-WIRE,     I  00( 
10  000    VOLTS 

Maximum     strain     to     ground,     14  000    phase 
volts. 
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58  percent  of  the  line  voltage.  In  case  of  a  ground  on  any  line 
wire,  the  two  remaining  wires  are  raised  to  full  line  potential  above 
the  ground.  With  this  connection  one  transformer  may  be  cut  out, 
leaving  two  connected  in  V,  and  the  above  conditions  will  not  be 
c]janged. 

THREE-PHASE    T    AND   TWO-PHASE THREE-PHASE    SYSTEM 

With  either  the  T  or 
two  -  phase  —  three-phase 
connection  the  voltage 
strains  with  ungrounded 
neutral  are  the  same  as  for 
the  delta  system.  The 
neutral  point  may,  how- 
ever, be  obtained  from 
the  teaser  winding,  as 
shown  in  Figs.  5  and  6,  in  which  case  a  ground  upon  any  line  wire 
will  short-circuit  portions  of  the  windings. 

With  the  three-phase  T  and  two-phase — three-phase  connec- 
tion, the  grounding  of  the  neutral  limits  the  voltage  between  line 
and  ground  to  58  percent  of  normal. 

STAR  SYSTEM 

With  transformers  connected  in  star  the  conditions  are  very 
similar  to  those  where  two  transformers  are  connected  with  pri- 


r,.       4 — THREE-PHASE       DELTA       CONNECTION, 
I  000/10  000  VOLTS 

Maximum  strain  to  ground,  10  000  volts. 


FIG.     5 — THREE-PHASE    T     SYSTEM,     I  000/10  000    VOLTS;     NEUTRAL 
GROUNDED 

Maximum  strain  to  ground,  5  800  volts. 
mary  windings  in  series  and  also  the  secondaries  in  series.  Fig.  7 
shows  such  a  series  combination,  neutral  not  grounded.  The  total 
line  voltage  will  divide  with  approximate  equality  between  the  two 
transformers.  Between  line  wires  and  ground  there  will  exist  the 
same  strain  as  with  a  single  transformer,  having  the  same  total 
voltage;   but  if   one  transformer  be  short-circuited,  the   full  volt- 
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ag-e  will  be  concentrated  upon  the  other  transformer  so  that  the 
internal  voltage  strains  on  this  transformer  will  be  doubled  and  its 
iron  loss  greatly  increased,  though  the 
strain  from  line  wires  to  ground  may 
be  the  same  as  before. 

If  the  series  connection  between  the 
two  transformers  be  grounded  and  a 
ground  occur  on  either  line  wire,  as  in- 
dicated in  Fig.  8,  the  transformer  con- 
nected to  this  wire  will  take  the  full 
voltage  of  the  circuit  and  the  unground- 
ed wire  will  be  raised  to  full  line  volt- 
age above  ground.  Unless  the  leakage 
TWO-PHASE  — THREE-  curreut  of  the  transformer  working  at 
PHASE  SYSTEM,  looo/ioooo  ^nuble  voltage  is  sufficient  to  open   the 

volts;    NEUTRAL    GROUNDED  .  .  ,  ^  .  ^ 

Maximum  strain  to  ground,  cn-cuit.  tlie  transformer  may  contniue  to 
5800  volts  (approx.).  operate  indefinitely  under  the  above  con- 

ditions, provided  it  does  not  break  down,  due  to  excessive  heating 
or  to  the  double  voltage  strains  to  which  it  is  subjected. 


< 500  V.         >|  K 500  V. > 


Fin.  7 — TWO  TRANSFORMERS,  I  000  TO 
10  000  VOLTS;  PRIMARIES  AND 
SECONDARIES  IN  SERIES;  NEU- 
TRAL  UNGROUNDED 

Each   unit   takes   approximately 
one-half    line   voltage. 


-TWO  TRANSFORMERS,  PRI- 
MARIES AND  SECONDARIES  IN 
SERIES  ;     NEUTRAL    GROUNDED 

Ground  on  outside  line  wire 
short-circuits  adjacent  trans- 
former and  gives  douhle  voltage 
on  other  unit.  Full  voltage  strain 
to  ground. 


A  star-connected  group  of  transformers  is  shown  in  Fig.  9, 
with  the  neutral  point  of  the  primary  and  of  the  secondary,  and 
also  that  of  the  generator,  grounded.     In  this  case  no  excessive 
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voltage  can  occur  on  any  transformer,  and  the  strain  from  any  line 
wire  to  ground  is  limited  to  58  percent  of  full  line  voltage,  for  a 
ground  on  any  line  or  a  short-circuit  in  any  transformer  will 
short-circuit  the  generator.  The  same  system  of  connections  but 
with  the  generator  ground  omitted  is  shown  in  Fig.   10.     In  this 


FIG.    9 — THREE-PHASE    STAR    SYSTEM,    LINE    VOLTAGES    1000    AND    10  000 
volts;    TRANSFORMER   VOLTAGES    580   AND    5  80O   VOLTS 

Grounds  on  generator  and  transformer  neutrals.  Maximum 
voltage  per  transformer,  5  800  volts ;  maximum  strain  to  ground, 
5  800  volts. 

case  a  ground  upon  the  primary  or  secondary  line  will  short-circuit 
one  transformer  of  the  group  and  the  two  remaining  ones  will  be 
operated  at  y^  percent  above  normal  potential ;  also  the  strain  be- 
tween the  ungrounded  wires  of  the  line  will  be  that  due  to  the  full 
line  voltage. 


FIG.  10 — THREE-PHASE  STAR  SYSTEM.  PRIMARY  AND  SECONDARY  NEU- 
TRALS GROUNDED.  LINE  VOLT.VGE,  lOOO/lOOOO;  NORMAL  TRANSFORMER 
VOLTAGES,    580    AND    5  80O 

Ground  on  one  line  wire  short-circuits  one  transformer,  in- 
creases the  voltage  on  the  other  two  transformers  J^  percent,  and 
raises  two  line  wires  loooo  volts  above  ground. 

Thus,  for  a  star  connected  system  the  grounding  of  the  neutral 
points  is  of  no  value  in  limiting  voltage  strains  on  the  system  un- 
less the  neutral  point  of  the  generator  is  grounded;  in  fact,  the 
grounding  of  tlie  transformers  instead  of  grounding  the  generator 
increases  the  chance  for  trouble,  since  a  ground  upon  any  line  wire 
increases   the  voltage  of  two  of   the  transformers  by   7^   percent. 
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STAR    TO   DELTA   SYSTEM 

A  star  to  delta  system  is  shown  in  Fig.  11.  With  this  method 
of  connection  no  excess  voltage  can  be  obtained  on  any  transformer, 
and  not  more  than  full  voltage  strain  to  ground,  provided  the  delta 
remains  closed;  but  with  the  delta  open  at  one  point  and  a  short- 
circuit  on  one  transformer,  as  in  Fig.  12,  the  voltage  on  the  two 
remaining  ones  will  be  increased  y^)  percent  and  across  two  sides 


FIG    II THREE-PHASE    STAR    TO    DELTA    SYSTEM,    LINE    VOLTAGES    I  GOO 

AND      ID  000      volts;      TRANSFORMER      VOLTAGES,      580      AND      lOOOO 
\-OLTS 

of  the  delta  there  will  be  three  times  normal  voltage.  Thus,  on  a 
10  coo  volt  circuit,  30  000  volts  may  be  obtained  in  case  a  trans- 
former is  short-circuited  and  cut  out  of  the  delta.  This  excess 
voltage  across  the  two  sides  of  the  delta  is  due  to  the  fact  that  a 
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FlC.     12 — THREE-PHASE     STAR    TO    DELTA     SYSTEM 

Same  as  Fig.  11,  except  that  the  delta  is  opened  and  one 
transformer  is  short-circuited.  The  voltages  of  two  transform- 
ers are  thus  increased  Ji  percent,  and  the  voltage  between  two 
line  wires  is  increased  200  percent. 

short-circuit  on  the  star  changes  the  angular  position  of  the  volt- 
ages from   120  to  60  degrees,   which  in  turn  changes  the  angular 


position  in  the  delta  from  60  to  120  deg 


rees. 


DELTA   TO    STAR    SYSTEM 


With  this  system  it  is  impossible  to  obtain  voltages  higher  than 
normal  upon  any  transforiner  or  between  any  two  line  wires.  A 
short-circuit  in  one  transformer  may,  however,  cut  it  out  of   the 
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delta  but  leave  the  star  connection  intact.  In  such  a  case  the  volt- 
ages will  be  as  shown  in  Fig.  13.  Two  of  the  transformers  oper- 
ate at  normal  potential,  with  normal  potential  between  two  of  the 
line  wires,  but  with  58  percent  of  normal  between  the  other  wires. 

STAR  TO  DELTA RAISING:    DELTA  TO  STAR LOWERING 

A  transmission  system  is  shown  in  Fig.  14  with  raising  trans- 
formers  connected   star   to   delta   and   lowering  transformers   con- 
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FlC.     13 — THREE-PHASE    DELTA    TO    STAR    SYSTEM,    LINE    VOLTAGES    I  000 
AND    10  000 ;    TRANSFORMER    VOLTAGES    1000    AND    5  800 

One  transformer  is  short-circuited  and  cut  out  of  the  delta. 
Two  transformers  continue  to  operate  at  normal  voltage,  giving 
10  000  volts  across  two  line  wires,  5800  volts  across  the  others. 

nected  delta  to  star.  The  voltages  obtained  across  transformers 
and  across  line  wires  are  shown.  The  neutral  points  of  the  low- 
tension  windings  of  both  raising  and  lowering  transformers  are 
grounded. 
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FIG.  14 — STAR-DELTA  RAISING,  DELTA-STAR  LOWERING  SYSTEM  ;  NEU- 
TRAL OF  RAISING  AND  LOWERING  TRANSFORMERS  GROUNDED.  LINE 
VOLTAGES  1000  TO  lOOOO  TO  1000  VOLTS;  TRANSFORMER  VOLTAGES 
580  TO   lOOCO  TO   580  VOLTS 

Fig.  15  shows  the  voltages  which  will  be  obtained  with  a 
ground  on  one  low-tension  lead  which  short-circuits  one  trans- 
former. The  high-tetision  side  of  this  transformer  is  cut  out  of 
the  delta.  The  voltage  across  the  other  transformer  is  increased 
y^  percent  and  the  phase  relation  changed  from  120  to  60  degrees, 
the  voltages  being  as  shown  in  Fig.  12.  On  the  lowering  delta, 
three  times  normal  voltage  is  impressed  on  one  transformer  and  73 
percent  above  normal  voltage  on  the  other  two.  The  voltages  ob- 
tainable across  the  star  on  the  lowering  transformers  are  readily 
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understood  from  the  figure.  It  will  be  noted  that  across'  one  phase 
there  is  normal  voltage  and  across  the  other  two  phases  2.7  times 
normal  voltage.  A  transformer  subjected  to  three  times  normal 
voltage  would  take  so  large  a  current  as  to  blow  fuses,  and  with 
silicon  steel  transformers  this  result  would  probably  follow  the  ap- 
plication of  y2^  percent  excess  voltage. 

With  this  system  of  connections,  grounding  the  neutral  point 
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rir,.    15 — SAME  .\S  FIG.    IJ,   EXCHPT  THAT  ONE  RAISINc;  TRANSFORMER   IS   SHORT- 
CIRCUITED   AND   CUT   OUT   OF   THE    DELTA 

Voltages  on  raising  transformers  respectively  72>  percent  above  nor- 
mal and  zero.  Voltages,  on  lowering  transformers  respectively  73 
percent  and  200  percent  above  normal.  Voltages  on  secondary  of  low- 
ering  transformers   respectively   normal   and    170   percent   above   normal. 

of  the  star  without  a  ground  upon  the  neutral  point  of  the  gener- 
ator is  of  no  use  in  preventing  tuiecjual  and  excessive  strains  on 
the  transformers  and  from  line  wires  to  ground.  Should  the  delta 
on  the  raising  transformers  be  kept  closed,  it  is  obvious  that  a  short- 
circuit  on  any  raising  transformer  would  short-circuit  the  generator, 
but  the  above  condition  is  one  which  might  occur  where  switches 
or  fuses  are  placed  inside  the  delta. 


FIG.  16 — DELTA-STAR  RAISING,  ST.'V.R-DELTA  LOWERING  SYSTEM  ;  NEUTRALS 
NOT  GROUNDED;  LINE  VOLTAGES  1000  TO  lOOOO  TO  I  GOO ;  TRANS- 
FORMER  VOLTAGES    I  000   TO    5  800   AND    5  8oO   TO    I  000   VOLTS 


DELTA  TO  STAR RALSINGI     STAR  TO  DELTA LOWERING 

Fig.  i6  shows  voltages  obtained  under  normal  conditions  with 
transformers  connected  delta  to  star  and  star  to  delta,  with  low- 
tension  and  high-tension  voltages  of  i  ooo  and  loooo  respectively. 

Fig.  ly  shows  approximately  the  voltages  and  phase  angles 
obtained  when  one  raising  transformer  is  short-circuited  and  cut 
out  of  the  delta,  but  with  the  star  connection  intact.     The  voltages 
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obtained  on  the  lowering  delta  will  be  approximately  those  shown. 
It  will  be  noted  that  this  delta  has  been  twisted  far  out  of  its  normal 
form,  though  the  voltage  on  no  transformer  has  been  raised  above 
normal  and  on  the  lowering  transformer  all  voltages  are  below 
normal. 

Fig.  18  shows  the  same  connection,  but  with  one  transformer 
short-circuited  and  cut  out  of  the  delta.     The  voltage  across  one 


FIG.   17 — SAME  AS  FIG.    l6,  EXCEPT  THAT  THE  RAISING  DELTA  IS  OPEN 
AND  ONE  TRANSFORMER  IS  SHORT-CIRCUITED 

The  voltage  on  the  lowering  transformers  is  less  than  nor- 
mal. Note  the  extent  to  which  the  Helta  is  distorted.  If  the  neu- 
tral points  of  the  raising  and  lowering  transformers  be  grounded, 
this  distortion  cannot  occur,  as  fuses  will  blow  and  open  the 
circuit  when  the  raising  transformer  is  shorts-circuited. 

of  the  remaining  transformers  is  increased  y^  percent,  while  that 
across  the  other  remains  normal.  The  voltage  across  the  open  side 
of  the  secondary  delta  is  increased  165  percent  above  normal ;  that 
on  one,  73  percent  above  normal  and  on  the  other  it  is  normal. 
If  the  neutral  points  of  raising  and  lowering  transformers  are 
grounded  the  abnormal  conditions  shown  in  Figs.  17  and  18  cannot 
be  obtained,  for  in  this  case,  with  the  lowering  delta  closed,  as  in 
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FIG.  18 — SAME  AS  FIG.  I7,  EXCEPT  THAT  THE  LOWERING 
DELTA  IS  OPEN  AND  ONE  TRANSFORMER  IS  SHORT- 
CIRCUITED 

The  voltages  on  the  raising  transformers  are  re- 
spectively normal  and  zero  (see  Fig.  17).  Those  on  the 
lowering  transformers  are  respectively  normal,  73  percent 
above  normal,  and  zero.  The  voltages  across  the  sec- 
ondaries are  respectively  normal,  73  percent  above  nor- 
mal, and  165  percent  aBove  normal. 

Fig.  17,  the  fuses  will  be  blown  when  a  lowering  transformer  is 
short-circuited;  and  with  the  delta  open,  as  shown  in  Fig.  18,  a  short- 
circuit  in  the  lowering  transformer  will  short-circuit  the  generator. 
Some  abnormal  conditions  which  may  be  obtained  from  a  few 
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of  the  possible  combinations  of  transformers  have  been  given  above, 
These  abnormal  conditions  are  produced  by  combinations  which  are 
accidental  or  unusual;  but  it  is  the  accidental  or  unusual  condition 
which  must  be  taken  into  consideration  and  guarded  against,  if 
trouble  is  to  be  avoided.  Some  of  the  conditions  which  are  shown 
undoubtedly  have  occurred  in  practice  and  are  possibly  responsible 
for  some  of  the  troubles  on  high-voltage  transmission  systems. 

Resonance — The  abnormal  voltages  given  above  are  those  which 
are  obtainable  from  the  generator  pressure  through  direct  trans- 
formation. Another  cause  which  may  produce  abnormal  voltages  is 
resonance,  a  condition  which  is  particularly  liable  to  occur  when  a 
high  inductance,  such  as  the  winding  of  an  idle  transformer,  is  in 
series  with  a  large  capacity,  such  as  that  of  a  transmission  line. 

The  foregoing  examples  are  all  based  on  the  use  of  single- 
phase  transformers.  When  three-phase  shell  type  transformers  are 
used,  the  conditions  are  practically  identical  with  those  given  for 
single-phase  transformers,  but  with  a  three-phase  core  type  of  con- 
struction the  magnetic  circuits  of  the  three  phases  are  so  related 
that  a  short-circuit  on  one  phase  affects  the  whole  magnetic  circuit 
of  the  transformer;  and,  since  all  of  the  abnormal  conditions  al- 
ready given  are  due  primarily  to  a  short-circuit  on  one  phase,  none 
of  these  conditions  can  occuc  with  a  three-phase  core  type  trans- 
former. Therefore  connections  may  be  used  safely  with  this  type 
of  transformer  which  would  be  dangerous  on  a  group  of  single- 
phase  transformers  or  on  a  three-phase  shell  type  transformer. 

In  addition  to  the  combinations  of  single-phase  transformers, 
there  are  the  two-phase — three-phase,  three-phase  V,  and  three- 
phase  T  connections  which  may  be  used  at  either  the  raising  or  low- 
ering ends.  When  used  for  raising  transformers,  these  combina- 
tions will  deliver  their  proper  voltages  to  the  line  provided  the 
proper  voltages  are  impressed  on  their  primary  terminals,  as  it  is 
impossible  by  short-circuiting  one  transformer  to  raise  the  voltage 
of  the  other. 

When  used  as  lowering  transformers  these  combinations  will 
supply  to  the  secondary  circuits  voltages  of  proper  amount  and 
bearing  the  proper  phase  relation  to  each  other,  provided  the  volt- 
ages impressed  on  the  primary  side  are  of  proper  amount  and 
proper  phase  relation  to  each  other.  If,  however,  the  voltages  ap- 
plied to  the  primary  are  distorted,  then  the  voltages  delivered  by 
the  secondaries  will  be  correspondingly  distorted. 

Grounded  Neutrals — It  will  be  noted  that  in  many  cases  the 
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grounding  of  the  neutral  points  of  a  transmission  system  limits 
the  voltage  strain  to  ground  and  the  voltage  which  may  be  obtained 
across  any  transformer,  and  in  such  cases  grounding  would  seem 
advisable.  This  is  notable  in  the  case  of  the  star  system  with 
grounds  on  transformer  and  generator  neutrals.  There  is,  however, 
a  danger  arising  from  this  grounding  which  should  be  carefully 
considered.  In  case  of  trouble  on  the  circuits,  current  may  flow 
through  the  ground  to  the  neutral ;  in  thus  flowing  it  will  naturally 
take  the  path  of  least  resistance,  so  that  if  telephone  or  telegraph 
lines,  which  have  normally  low  resistance  to  ground,  parallel  the 
transmission  circuit,  the  current  will  flow  along  these  wires,  often 
with  disastrous  results  to  the  circuits. 

Two  cases  of  trouble  are  particularly  liable  to  give  these  con- 
ditions : — • 

I — Where  the  neutral  points  of  the  high-tension  windings  of 
raising  and  lowering  transformers  are  grounded,  the  opening  of 
one  or  two  of  the  three  transmission  wires  will  cause  currents  to 
flow  through  the  ground. 

II — A  high  resistance  ground  on  a  transmission  wire  will  par- 
tially short-circuit  a  transformer  and  cause  current  to  flow  through 
the  ground  to  the  neutral. 

Some  plants  have  been  able  to  operate  satisfactorily  with 
grounded  neutrals ;  with  others  this  grounding  has  caused  great 
disturbance  on  telephone  circuits,  and  in  one  plant  it  is  reported 
that  the  blowing  of  a  fuse  on  one  of  the  high-tension  wires  put  the 
telephone  systems  in  ten  counties  out  of  service. 

With  proper  grounding  of  a  system  the  trouble  due  to  ground 
currents  and  telephone  disturbances  will  be  negligible.  The  grounds 
should  be  made  where  they  will  cause  the  least  trouble  and  afiford 
the  best  protection,  which  will  usually  be  found  to  be  in  the  low- 
tension  side  of  the  system,  and  it  is  now  general  practice  to  ground 
the  low-voltage  neutral  points, 


WINDING  OF  DYNAMO-ELECTRIC   MACHINES-XII 

CONNECTIONS  OF  ALTERNATING-CURRENT  MACHINES 

M.  W.  BARTMESS 

THE  DESIGN  of  a  motor  or  generator  winding  depends  for 
the  most  part  on  its  application,  the  size  and  speed  of  the 
machine,  and  the  voltage,  frequency  and  number  of  phases 
of  the  circuit  on  which  it  is  to  be  operated.  Considerations  of  design 
and  commercial  manufacture  also  determine  the  number  of  slots 


FIG.  134— GROUP  WINDING,  FULL  PITCH,  THREE-PHASE,  SIX  POLES,  36  SLOTS,  36 
COILS,  TWO  COILS  PER  SLOT,  TWO  COILS  PER  GROUP,  THROW  J-/,  CONNECTED  IN 
SERIES   STAR 

and  size  and  number  of  coils  for  a  given  type  of  machine.  Having 
determined  these  features,  the  problem  remains  of  connecting  the 
coils  into  the  proper  number  of  series  or  parallel  circuits. 


GROUP   WINDINGS 


Group  winding  may  be  defined  as  that  class  wherein  the  total 
winding  is  divided  into  separate  parts,  composed  of  adjacent  coils 
QV  conductors.     The  grouping  is,   in   the  case   of   lap   and   wave 
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windings,  an  arbitrary  one,  the  coils  being  all  similar  ai:d  divided 
into  groups  solely  by  their  connections.  The  number  of  coils  per 
group  may  equal  the  number  per  pair  of  poles  divided  by  the  num- 
ber of  phases,  or  the  number  per  pole  divided  by  the  number  of 
phases,  the  latter  method  of  grouping  being  so  generally  used 
on  laodern  machines  that  it  will  be  assumed  throughout  the  present 
discussion,  unless  otherwise  noted.     Thus,  in  Fig.   134,  a  six-pole. 


FIG.  135 — GROUP  WINDING,  UNEQUAL  GROUPS,  THREE-PHASE,  FOUR  POLES,  3O  SLOTS, 
30  COILS,  TWO  COILS  PER  SLOT,  TWO  AND  THREE  COILS  PER  GROUP,  THROW  1-8, 
CONNECTED   IN    SERIES    STAR 

three-phase  winding  of  36  slots,  the  number  of  coils  per  group 
=g^=  2.  Where  the  number  of  slots  is  not  evenly  divisible  by 
the  product  of  poles  and  phases,  dissimilar  groups  must  be  employed. 
In  such  cases  it  is  advisable  to  arrange  the  grouping  so  that  all  the 
phases  have  an  equal  number  of  coils,  and  if  possible  the  grouping 
should  be  arranged  symmetrically  with  respect  to  the  core  itself,  as 
in  Fig.  135.  To  prevent  local  currents,  which  may  prove  injurious, 
all  circuits  which  are  in  parallel  must  have  an  equal  number  of  coils 
and  should  be  symmetrically  arranged  with  respect  to  each  other 
and  to  the  other  phases. 
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Although  one  turn  coils  only  are  shown  in  the  accompanying 
diagrams,  the  same  connections  are  applicable  to  windings  having 
any  number  of  conductors  per  coil.  These  conductors  may  all  be  in 
series,  in  which  case  there  is  one  lead  at  each  end  of  the  coil,  or 
the  conductors  may  be  divided  into  any  number  of  equal  parallels, 
in  which  case  there  are  as  many  leads  at  the  ends  of  the  coil  as  there 
are  parallel  circuits.  The  leads  at  the  beginning  and  end  of  the  coil 
are  connected  in  the  same  manner  as  indicated  for  the  one  turn 
per  coil  winding.     For  simplicity's  sake  the  nunber  of  coils  per 


FIG.  136 — GROUP  WINDING,  FRACTIONAL  PITCH,  THREE-PHASE,  SIX  POLES,  36  SLOTS, 
2,6  COILS,  TWO  COILS  PER  SLOT,  TWO  COILS  PER  GROUP.  THROW  FOR  FULL  PITCH 
1-7,   THROW    AS    WOUND    4-6.      CONNECTED    IN    SERIES    STAR 

group,  and  hence  the  total  number  of  coils  in  the  diagrams  has  been 
kept  lower  than  is  generally  found  in  commercial  machines. 

FULL  AND  FRACTIONAL  PITCH   WINDINGS 


The  number  of  slots  in  the  core,  divided  by  the  number  of  poles 
gives  a  value  of  the  pole  arc  expressed  in  terms  of  the  slots.  A  full 
pitch  winding  is  one  in  which  the  effective  span  of  the  coils  is  equal 
to  the  pole  arc,  and  a  fractional  pitch  winding  is  one  in  which  the 
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effective  span  of  the  coils  is  not  equal  to  the  pole  arc,  as  shown 

in  Fig.   136.     For  a  two  coil   per  slot,  lap   or  wave  winding,   the 

effective  span  of  the  coil  is  equal  to  the  actual  span  of  the  coil.     In 

this  case  the  full  pitch  winding  is  one  where  the  coil  lies  in  slots  i 

QnH  /'total  number  of  slots      i  \       i-  •,  ,    ,  ,  •     , 

^"<^( r 7 ; plus  i).    i^or  a  one  coil  per  slot  lap  wmd- 

V      number  of  poles        ^  ^  if 

ing  the  effective  span  of  the  coil  may  be  greater  or  less  than  its 
actual  span.  Fig.  137,  a  and  b  show  two  dift'erent  coils,  in  each  of 
which  the  effective  span  is  the  full  pitch  of  12  slots  while  the  actual 
span  in  a,  is  only  11  slots  and  that  in  h  is  13  slots.  Needless  to  say, 
a  is  more  generally  used  on  account   of   the    saving   in   copper   and 
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FIG.    137 — SELECTION   OF  PITCH   FOR  ONE  COIL  PER   SLOT   WINDINGS 

a — Full  pitch,  effective  span  12,  actual  span  11,  throw  1-12. 

b — Full  Pitch,  effective  span  12,  actual  span  13,  throw  1-14. 

c — Fractional  pitch,  effective  span  10,  actual  span    9,  throw  i-io. 

d — Fractional  pitch,  effective  span  10,  actual  span  15.  throw  1-16. 

e — Concentric  group,  full  pitch,  effective  span  12,  actual  span  9  and  11, 
throw  I- II. 

f — Concentric  group,  full  pitch,  consequent  poles,  effective  span  12,  actual 
span  9,  II,  13  and  15,  throw  1-13. 

space  for  end  connections.    A  coil  with  a  span  either  less  or  greater 
than  that  shown  would  result  in  a  fractional  pitch,  as  in  c  and  d. 

Representative  cases  of  concentric  group  windings  are  shown  in 
Fig.  137,  e  and  /,  e  representing  a  three-bank  winding,  in  which  the 
number  of  coils  per  group  equals  the  total  number  of  coils  per  phase 
divided  by  the  number  of  poles,  while  /  represents  a  two-bank  wind- 
ing of  the  consequent  pole  type  in  which  the  number  of  coils  per 
group  equals  the  total  number  of  coils  per  phase  divided  by  the  num- 
ber of  pairs  of  poles.  Neither  of  these  types  can  be  conveniently 
wound  with  a  fractional  pitch,  especially  with  formed  coils. 
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Where  dissimilar  groups  are  employed,  i.  e.,  where  the  number 
of  slots  is  not  evenly  divisible  by  the  product  of  phases  and  poles, 
the  full  pitch  is  frequently  not  a  unit  and  hence  a  fractional  pitch  is 
necessary.  Thus,  in  Fig.  135,  full  pitch  covers  a  span  of  7.5  slots 
and  the  nearest  lower  even  pitch  gives  a  throw  of  1-8. 

In  general,  fractional  pitch  afifects  the  performance  of  the  ap- 
paratus similarly  to  a  reduced  number  of  turns  in  the  winding,  but 
not  in  the  same  proportion.    In  a  generator  this  reduces  the  voltage 


FIG.  138 — GROUP  WINDING,  FULL  PITCH,  THREE-PHASE^  FOUR  POLES,  24  SLOTS,  24 
COILS,  TWO  COILS  PER  SLOT,  TWO  COILS  PER  GROUP,,  THROW  J-/.  CONNECTED  IN 
SERIES    STAR 

Connected  for  alternate  voltages,  so  that  when  connected  in  parallel,  the 
groups   in   each  parallel   circuit  will  be   distributed  around  the  core. 

of  the  machine.  In  an  induction  motor  the  maximum  available 
torque  is  increased  but  the  densities  in  the  magnetic  circuit  are  also 
increased  with  a  resulting  reduction  of  power-factor.  For  either 
motor  or  generator,  considerable  copper  may  thus  be  saved  in  the 
coil  ends  and  a  standard  frame  may  frequently  be  used  for  special 
pin-poses. 

THE   SIMPLIFIED  DIAGRAM 

By  referring  to  Figs.  134  to  141.  it  is  evident  that  for  all  com- 
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binations  the  number  of  diagrams  necessary  would  be  unlimited.  A 
simplified  diagram  may  be  employed  which  will  not  only  reduce  the 
required  number  of  such  diagrams  but  will  also  minimize  the  labor 
in  tracing  out  the  connections.  Thus  it  will  be  seen  that  the  diagram 
in  Fig.  142,  will  satisfy  all  requirements  for  connections  of  groups 
for  the  diagrams  in  Figs.  138  or  139.  In  addition  to  this  it  will  ap- 
ply for  any  similarly  connected  three-phase,  four-pole,  series  star 
lap-winding,  irrespective  of  the  number  of  coils  per  group  (provided 


FIG.    139 — GROUP   WINDING,    FULL   PITCH,   THREE-PHASE,   FOUR   POLES,   48    SLOTS,   24 
COILS,  ONE  COIL  PER  SLOT,  TWO  COILS  PER  GROUP,  THROW   I-I2. 

Connected  same  as  Fig.  138. 

the  groups  are  regular),  or  of  the  throw  of  the  coils,  that  is,  whether 
the  winding  is  full  or  fractional  pitch.  This  information  for  the 
throw  of  the  coil  and  the  number  of  coils  per  group  may  be  carried 
on  the  same  specification  with  the  remaining  winding  constants. 
The  groups  are  formed  by  connecting  the  required  number  of  coils 
together,  the  end  of  the  first  coil  to  the  beginning  of  the  second,  etc., 
the  beginning  of  the  first  coil  and  the  end  of  the  last  coil  in  the  group 
forming  the  beginning  and  end  of  the  group.  Such  diagrams  may 
be  made  for  any  number  of  phases,  poles  or  possible  parallel  circuits, 
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and  for  any  desired  method  of  connection  of  the  groups.  In  case 
the  coils  per  group  are  irregular  or  unbalanced  it  is  advisable  to  have 
a  special  diagram  giving  the  number  of  coils  in  each  group,  their 
location  and  any  other  information  necessary. 

It  is  obvious  that  if  a  winding  gives  satisfactory  operation  on  a 
certain  voltage,  a  similar  winding  of  one-half  the  number  of  series 
conductors,  but  of  double  the  current  carrying  capacity,  will  give 
satisfactory  operation  on  one-half  the  voltage.    This  latter  condition 


FIG.  140 — CONCENTRIC  GROUP  WINDING,  FULL  PITCH,  THREE-PH.\SE,  FOUR  POLES,  48 
SLOTS,  24  COILS,  ONE  COIL  PER  SLOT,  TWO  COILS  PER  GROUP,  THROW  I-II.  CON- 
NECTED IN  SERIES  STAR 

may  be  obtained  by  paralleling  the  groups,  as  in  Figs.  143  and  144, 
or  where  this  is  impossible  by  paralleling  the  series  conductors  in  the 
slots.  For  example,  if  the  full  voltage  connection  of  a  14  pole 
motor  corresponds  to  the  parallel  connection  the  only  method  to 
change  to  half  voltage  would  be  to  change  the  winding  itself  since 
14  poles  does  not  permit  of  a  four-parallel  connection.  Again  an 
irregularity  of  coils  per  group  will  at  times  prevent  doubling  the 
parallel  circuits  where  otherwise  this  might  be  possible. 
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When  it  is  desired  to  use  one  winding  for  either  full  or  half 
voltage,  the  winding,  if  possible,  is  laid  out  for  equally  satisfactory- 
operation  on  either  connection,  and  for  the  minimum  amount  of 
labor  required  to  connect  from  one  to  the  other.  This  is  exemplified 
by  Figs.  138,  139,  142  and  143.  It  is  evident  that  any  eccentricity 
of  the  rotor  with  respect  to  the  stator  will  affect  equally  the  circuits 
which  are  in  parallel.    In  contrast  to  this  are  Figs.  134,  135  and  136, 


FIG.  141 — CONCENTRIC  GROUP  WINDING,  CONSEQUENT  POLE  TYPE,  FULL  PITCH, 
THREE-PHASE,  EIGHT  POLES,  48  SLOTS,  24  COILS,  ONE  COIL  PER  SLOT,  TWO  COILS 
PER  GROUP,  THROW    I-7.      CONNECTED   IN   SERIES   STAR 

which,  if  connected  in  parallel,  would  place  the  parallel  circuits  on 
opposite  sides  of  the  machine  and  any  eccentricity  of  the  two  ele- 
ments will  mean  an  unbalancing  of  the  current  in  the  two  halves  of 
the  winding. 

A  simple  method  for  obtaining  the  proper  polarity  of  the  groups 
is  indicated  in  Figs.  142  and  143  for  three-phase  and  Fig.  144  for 
two-phase  winding.  In  a  three-phase  star  winding  by  traveling  from 
each  of  the  three  leads  to  the  star  points,  the  direction  of  travel  is 
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reversed  in  adjacent  groups.  In  a  two-phase  diagram  the  only 
necessary  precaution  in  determining  the  proper  polarity  is  to  remem- 
ber that  adjacent  groups  of  the  same  phase  are  reversed.  By  mark- 
ing the  groups  A,  B,  C,  etc.,  and  indicating  the  direction  of  travel, 
it  is  a  simple  matter  to  connect  them  in  the  proper  direction.  Addi- 
tional index  marks  may  be  given  on  the  diagram  to  aid  in  connecting 
the  winding,  by  marking  those  group  ends  which  are  joined  by  the 
same  connector,  with  the  same  numeral. 


FIG.     142 — SIMPLIFIED    DIAGRAM,    THREE-PHASE,    FOUR    POLES.       GROUPS    CONNECTED 
IN   SERIES   STAR 

This  is  a  general  diagram,  of  which  Figs.  138  and  139  are  particular  ex- 
amples, and  is  applicable  for  any  number  of  coils  per  group,  and  any  pitch  of 
coils. 


Any  star  diagram  can  be  readily  changed  into  a  corresponding 
delta  diagram  by  opening  up  the  star  points  and  connecting  the  inner 
end  of  phase  A  to  the  outer  end  of  phase  B  or  C,  the  inner  end  of 
phase  B  to  the  outer  end  of  phase  C  or  A,  and  the  inner  end  of  phase 
C  to  the  outer  end  of  phase  A  or  B.  If  the  star  diagram  is  not  sym- 
metrical with  respects  to  the  three  phases  it  is  never  advisable  to 
change  over  to  delta. 
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WAVE   WINDINGS 

In  a  wave  winding,  correspondingly  placed  conductors  under 
adjacent  poles  are  connected  in  series,  the  circuit  proceeding  from 
pole  to  pole  one  or  more  times  around  the  core,  and  not  forward 
and  back  upon  itself  as  in  a  lap  winding.  The  circuits  are  then  inter- 
connected in  such  a  manner  as  to  give  the  requisite  phase  relations. 
The  total  number  of  these  circuits  must  be  a  multiple  of  the  number 
of  phases  and  is  ordinarily  twice  the  number  of  phases.  Due  to  cer- 
tain limitations,  this  type  of  winding  is  not  used  to  as  great  an  extent 


FIG.   143 — SIMPLIFIED  DIAGRAM,  THREE-PHASE,  FOUR  POLES.      GROUPS  CONNECTED  IN 
TWO    PARALLEL    STAR 

This  is  the  same  winding  as  shown  in  Fig.  142,  connected  in  parallel. 

as  the  lap  or  the  concentric  windings.  Its  use  on  small  motors  is 
limited  to  phase-wound  secondaries.  Since  a  two-phase  secondary 
would  require  four  collector  rings,  or  if  connected  for  a  three-wire 
system,  would  overload  one  of  the  rings,  while  a  three-phase  wind- 
ing requires  but  three  rings,  the  latter  only  is  general  for  such  appli- 
cations. 

The  number  of  slots  for  this  type  of  winding  (plus  or  minus 
one)  is  so  chosen  as  to  be  divisible  by  the  number  of  pairs  of  poles 
or  preferably  by  the  number  of  poles.  If  plus  one,  it  is  said  to  be  a 
progressive  winding,  since  after  traveling  once  around  the  circuit  it 
returns  to  the  starting  slot  plus  one.     If  minus  one,  it  is  said  to  be 
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retrogressive  since  the  circuit  returns  the  winding  to  the  starting 
slot  minus  one.  With  this  arrangement  it  is  impossible  to  balance 
the  phases  exactly,  but  the  effective  unbalancing  is  small  with  a  large 
number  of  slots.  Since  an  unbalanced  three-phase  winding  is  less 
objectionable  than  a  two-phase  winding,  the  scheme  is  used  chiefly 
for  the  former.  Again,  since  an  unbalanced  winding  is  less  detri- 
mental in  a  secondary  circuit  than  in  a  primary,  the  principal  appli- 
cation of  this  type  of  winding  has  been  in  secondary  circuits. 


FIG,     144 — SIMPLIFIED    DIAGRAM,    TWO-PHASE,     I4    POLES.       GROUPS    CONNECTED    IN 
TWO   PARALLELS 

Fig.  145  represents  a  two  conductor  per  slot  winding,  such  as  a 
bar  and  end  conductor  type  but  is  equally  applicable  to  strap  or  wire 
wound  coils  of  two  or  more  series  turns  per  coil,  in  which  case  the 
connector  on  the  rear  end  of  the  coil  takes  care  of  itself  and  the 
front  end  is  connected  in  a  manner  similar  to  the  sketches.  There 
are  several  methods  of  connecting  up  the  three-phases  depending  on 
the  desired  voltage.     The  principal  connection  is  indicated  on  Fig. 
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145.  By  connecting  the  end  of  each  series  circuit  to  the  beginning 
of  the  next  and  taking  off  leads  at  the  point  of  connection  of  series 
1-2,  ^-4,  5-6,  instead  of  the  connections  between  the  series  shown  in 
Fig.  145,  a  connection  is  obtained  for  one-half  voltage.  An  86 
percent  voltage  tap  in  terms  of  the  connections  shown  in  Fig.  145 
is  secured  by  connecting  the  end  of  series  2  to  the  beginning  of  series 
J,  the  end  of  series  4  to  the  beginning  of  series  5,  the  end  of  series 
6  to  the  beginning  of  series  i.    To  connect  in  star  join  the  ends  of 


FIG.     145 — WAVE    WINDING,    THREE-PHASE,    FOUR    POLES,    I9    SLOTS,    I9    COILS,    TWO 
COILS  PER  SLOT,  THROW   1-6,  UNBALANCED  PHASES.    CONNECTED  IN  SERIES  STAR 

First  Series  begins  bottom  slot  6,  ends  top  slot  I3. 
Second  Series  begins  bottom  slot  17.  ends  top  slot  4. 
Third  Series  begins  bottom  slot  9,  ends  top  slot  15. 
Fourth  Series  begins  bottom  slot  /,  ends  top  slot  7. 
Fifth  Series  begins  bottom  slot  12,  ends  top  slot  18. 
Sixth  Series  begins  bottom  slot  4,  ends  top  slot  /. 


series  i,  series  5,  and  series  5_,  and  take  off  leads  at  the  beginning  of 
series  6,  series  2,  and  series  4.  Since  this  connection  reduces  the 
voltage  without  increasing  the  cross  section  of  the  copper  the  wind- 
ing will  be  less  efficient  on  account  of  higher  copper  loss  for  the 
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same  output.  This  is  also  true  of  the  50  percent  voltage  connec- 
tion, since  for  the  same  output  the  current  density  in  the  windings 
is  15  percent  greater  than  for  the  full  voltage  connection. 

It  is  possible,  by  choosing  a  number  of  slots  which  is  divisible 
by  the  product  of  the  number  of  phases  by  the  number  of  poles,  to 
lay  out  a  winding  which  is  balanced.  For  such  a  winding  the  circuit 
after  passing  once  around  the  armature,  returns  to  the  starting  slot. 
It  is  then  only  necessary  to  supply  a  special  connector  to  join  it  to 
the  conductor  in  the  starting  slot  plus  or  minus  one.     This  winding 


FIG.    146 — WAVE  WINDING,  THREE-PHASE,  SIX  POLES,  36  SLOTS,  36  COILS,  TWO  COILS 
PER     SLOT,  THROW   /-/.      CONNECTED  IN   SERIES   STAR 

thus  embodies  the  best  features  of  both  types  as,  for  example,  an 
electrical  balance,  and  a  minimum  number  of  special  connections, 
which  means  a  very  compact  and  easily-assembled  winding.  By  in- 
specting Fig.  146,  it  is  evident  that  the  number  of  special  connections 
is  comparatively  small  with  respect  to  the  number  of  coils,  and  this 
feature  is  more  pronounced  as  the  number  of  poles  is  increased. 
Hence  for  a  winding  for  a  large  number  of  poles,  12  to  40,  the  num- 
ber of  special  connections  becomes  insignificant. 
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543 — Distributing  Systems  for  Sin- 
gle-Phase Railways — Please  out- 
line, or  indicate  where  I  may 
find,  a  method  of  calculating 
distributing  systems  for  single- 
phase  railways,  similar  to  the 
method  given  by  Mr.  F.  E. 
Wynne  for  direct-current  rail- 
ways in  the  series  on  Railway 
Engineering,  in  the  Journal  for 
October,  1908,  p.  580.  f.  s. 

The  general  method  is  the 
same  as  outlined  in  the  article 
mentioned  in  the  question.  It  is 
not  permissible  to  allow  so  great 
a  percentage  drop  in  contact  line 
(trolley)  voltage  with  single-phase 
current  as  with  direct-current,  be- 
cause the  drops  in  transformers, 
transmission  line  and  contact  line 
add  together  to  give  the  total  drop 
between  generators  and  rolling 
stock  without  any  counterbalanc- 
ing effect  such  as  is  obtained 
through  the  compounding  of  the 
rotary  converters  used  in  direct- 
current  sub-stations.  If  a  single- 
phase  trolley  line  is  fed  from  the 
power-station  direct  without  inter- 
mediate transformers  and  trans- 
mission line  a  maximum  drop  of 
25  to  35  percent  of  the  power 
house  voltage  is  permissible.  If 
the  trolley  is  fed  through  trans- 
former stations  the  maximum  drop 
from  transformer  stations  to  roll- 
ing stock  should  not  exceed  15  or 
20  percent.  In  single-phase  in- 
stallations it  is  rarely  necessary  to 
use  feeders  paralleling  the  trolley. 
Since  high  voltages  are  used  the 
trolley  should  always  be  of  the 
catenary  type.  A  few  constants 
will  be  of  assistance  in  calculating 
single-phase  line  drops.  For  No. 
4/0  trolley,  22  feet  above  70  lbs. 
single  track,  with  25  cycles  the 
drop  per  mile  per  100  amperes  is 
55.9  volts  and  the  power-factor  is 
54.2  percent;  for  No.  3/0  trolley 
the  unit  drop  is  60.3  volts  and  the 


power-factor  is  61.5  percent.  With 
No.  4/0  trolley  and  100  lbs.  single 
track  the  unit  drop  is  55.3  volts 
and  the  power-factor  is  52.4  per- 
cent; with  No.  4/0  trolley  and  100 
lbs.  double  track  the  unit  drop  is 
31. 1  volts  and  the  power-factor  is 
49.9  percent.  By  applying  the 
power-factor,  the  total  unit  drop 
in  any  case  may  be  separated  into 
its  ohmic  and  inductive  compo- 
nents, the  ohmic  component  alone 
being  used  in  calculations  for  loss 
in  the  trolley  and  track  circuit.  As 
an  example  consider  the  train 
sheet  given  on  p.  586  of  the  article 
referred  to  in  the  question.  As- 
sume the  interurban  section  to  be 
fed  direct  from  the  power  house 
at  II  000  volts;  car  at  starting  to 
take  2)2)  amperes  and  car  running 
to  take  15  amperes;  single  No.  3/0 
trolley  and  70  lbs.  single  track;  al- 
so drop  per  mile  per  100  amperes 
to  be  60.3  volts.  At  about  2.22 
P.  M.  with  two  cars  meeting  near 
E,  two  at  sub-station  No.  2  and 
two  at  H,  the  drop  from  power 
house  to  H  will  be  1070  volts  esti- 
mated as  follows: — H  to  sub-sta- 
tion No.  2  (15  miles)  48  amperes; 
sub-station  No.  2  to  stub  near  E 
(5  miles)  96  amperes;  sub-station 
near  E  to  power  house  (4  miles) 
144  amperes;  total  drop  =  [(is  x 
0.48)  +  (5  X  0.96)  +  (4  X  1.44)]  X 
60.3  =  1070  volts  =  9.75  percent. 
Other  cases  may  be  solved  in  a 
similar  manner,  either  assuming 
the  size  of  trolley  and  estimating 
the  drop  or  assuming  the  drop  and 
trolley  size  and  figuring  the  dis- 
tance   between    sub-stations. 

F.  E.  w. 

544 — Zerener    Electric    Blowpipe — 

Please  advise  how  the  "Zerener" 
electric  blowpipe  is  constructed. 
One  is  desired  which  will  carry 
a  current  of  100  amperes  and  be 
automatic    in    action.      Would    a 
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rheostat  constructed  of  carbon 
be  practicable?  If  so,  what  size 
of  carbon  would  be  required  to 
maintain  a  current  of  150  am- 
peres, without  destroying  the 
service  fuses?  J.  R- 

The  Zerener  blow  pipe  is  not 
used  in  this  country  to  any  ex- 
tent, if  at  all,  and  while  we  have 
consulted  several  authorities  in 
electrical  matters  as  to  its  use 
abroad,  none  is  able  to  advise 
concerning  it.  The  same  work 
may  be  accomplished  by  means  of 
the  Benardos  or  the  Slavinanoff 
process  and  without  the  compli- 
cated apparatus  required  appar- 
ently in  the  Zerener  blow  pipe,  so 
that  we  suggest  either  of  these 
processes  to  be  followed  instead. 
For  articles  on  Oxy-Acetelene, 
Benardos  (arc)  and  Thompson 
(incandescent)  welding  processes 
see  The  Seven-Year  Topical  In- 
dex of  the  Journal.  c.  b,  a. 

545 — National   Board   of  Fire   Un- 
derwriters— Can  you  tell  me  the 
address    of    the    National  Board 
of    Fire    Underwriters    or    what 
process    is    necessary    to    bring 
articles    of    manufacture    before 
the  board  for  approval.       g.  i.  m. 
Any  fitting  such  as  is  used  in 
connection   with    fire   systems,   fire 
protection,    or    the    use    of    which 
may     possibly     constitute     a     fire 
hazard,  may  be  brought  before  the 
National    Board    of     Fire    Under- 
writers   for    approval    by    submit- 
ting sample  to    the    Underwriters' 
Laboratories,       207       East       Ohio 
street,    Chicago,    111.,    and    paying 
the  necessary  fee  for  examination. 
The     Underwriters'      Laboratories 
will    make    examination    and    test, 
and  will  report  to  the  proper  com- 
mittee of  the  National  Board,  who 
will   take   final  action  in  regard  to 
approval  of  the  device  in  question, 
c.  E.  s. 

546 — Centrifugal  Pump  Calcula- 
tions— A  pump  direct-coupled  to 
a  two  hp,  1800  r.p.m.  induction 
motor,  having  one  and  one-half 
inch  suction  and  delivery  pipes, 
would  pump  about  60  gallons  per 
minuve  for  two  to  five  minutes, 
then  lose  its  vacuum,  the  time 
varying  with  the  height  of  water 


in  the  tank.  The  distance  from 
the  surface  of  the  water  in  the 
well  to  the  center  of  the  pump 
was  14  feet  and  from  pump  to 
tank  surface  25  feet  or  total,  39 
feet.  The  runner  is  six  inches 
in  diameter  and  the  case,  ten 
inches  clear  inside  diameter. 
We  have  been  informed  that  we 
need  an  eight  inch  runner.  Is 
this  correct?  Please  advise 
method  of  calculating  size  of 
pump  and  runner  in  a  given 
case.  V'  !•  c. 

The  pump  probably  loses  its 
vacuum  for  one  of  two  reasons;  if 
there  is  any  appreciable  air  leak- 
age in  the  suction  line  the  infiltra- 
tion of  air  may  accumulate  at 
some  particular  point,  more  es- 
pecially a  bend  or  crest  in  the 
line,  establishing  an  air  pocket 
and  destroying  the  vacuum  or,  if 
the  height  of  the  water  became 
greater  than  the  elevating  power 
of  the  pump  a  churning  of  the 
water  would  take  place  ,  thus 
heating  the  stagnant  water  by 
friction,  and  the  vacuum  which  it 
will  then  pull  will  be  determined 
by  the  steam  tension  correspond- 
ing to  the  water  temperature.  For 
example,  the  theoretical  vacuum 
which  may  be  created  by  the 
pump,  without  regarding  the  pres- 
ence of  any  air,  will  be  approxi- 
mately as  follows: — 

Theoretical  Corres. 

Water  Vacuum  in  Water  Lift 

Temp.  Inches.  no  deduc- 

(30"  baro.)  tion  for  fric- 

tion head. 
80  29"  33-2 

102  28  32 

126  26  29.7 

150  22.5     _  25.7 

Considerable  deduction  must  be 
made  in  the  theoretical  lift  for 
friction,  depending  on  the  velocity 
and  connections.  The  diameter 
of  the  runner  is  obtained  from  the 
formulae  V  =  o.9X-y/2gh  where  V 
is  the  peripheral  velocity,  2g  =  64.4 
and  h  =  the  delivery  head.  The 
constant  may  vary  for  .8  to  1.2  de- 
pending upon  the  design  of  the 
pump.  Notes  on  pump  design  maj'' 
be  found  in  Kent's  Mechanical 
Engineers'    Handbook.  e.  d.  d. 

547 — Induction  on  Telephone  Line 
Paralleling     Transmission     Sys- 
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tern— We    have    a    circuit    which 
parallels    a    grounded    telephone 
line  and,  of  course,  there  is  noise 
on  the  telephone.      Fig.    547    (a) 
represents   the  relative  positions, 
etc.,    of    the    two    circuits.      We 
have  tried  a  metallic  return  cir- 
cuit, removing  the  ground  at  A, 
and    grounding    the    second    line 
at  B;  also,  transposing  our  line; 
also  making  a  complete  metallic 
circuit  of  the  section  AB  of  the 
telephone  line   and  connecting  it 
through    a  repeating  coil  to  the 
grounded    part,    a    scheme    sug- 
gested   by    the    local    telephone 
man.     Any  help  which   you  may 
be  able  to  give  will  be  much  ap- 
preciated. J.  B,  G. 
The  static  induction  on  a  tele- 
phone  line   from  a  high-tension  line 
carried  on  the  same  poles  may  re- 
sult in  a  very  considerable  poten- 
tial  on  a   perfectly  insulated   tele- 
phone line,  and  hence,  to  produce 
perfect    quiet    it    would   be  neces- 
sary to  insulate  the  telephone  line 
like  a   high-tension   line   and   insu- 
late the  telephone  instruments  and 
parties    using    them    in    the    same 
manner.      It   is    advisable   to    insu- 
late  the   instruments    and    persons 


Fig.   547    (a) 

using  them  to  avoid  accident  in 
case  of  a  failure  of  the  high-ten- 
sion construction,  but  it  is  not 
practicable  to  insulatq  the  '.tele- 
phone line  on  a  high-tension  basis. 
While  the  potentials  may  be 
considerable,  the  current  which 
would  flow  were  the  telephone 
line  .  grounded  would  be  pmall. 
These  small  currents  flowing- 
through  the  receiver  are  sufficient 
to  destroy  all  possibility  of  carry- 
ing on  a  conversation  over  the 
line.  It  is  necessary,  therefore, 
inasmuch  as  there  is  a  leak  on  one 
side  of  the  line,  to  produce  an 
equal  leak  on  the  other.  In  order 
to  do  this  it  is  advisable  to  place 
a  permanent  leak  on  each  side  of 


the  line  sufficiently  heavy  to  far 
outweight  the  insulator  leak,  etc. 
This  may  be  a  non-inductive  re- 
sistance of  from  5  000  to  10  000 
ohms,  for  a  magneto  line,  and 
should  be  placed  near  the  instru- 
ment. All  grounds  must  be  re- 
moved from  the  telephone.  This 
may  be  done,  if  grounded  bells 
are  used,  by  connecting  the  bell 
ground  through  a  switch  which  is 
opened  by  the  raising  of  the  re- 
ceiver hook.  In  the  case  of  the 
grounded  line  the  same  would  ap- 
ply but  in  addition  a  repeating 
coil  should  be  placed  at  the  far 
end  of  the  exposure  and  the  ex- 
posed portion  of  the  line  entirely 
insulated  from  the  ground,  except 
as  mentioned  above.  For  the 
ground  resistance,  carbofi  or 
graphite  rods  of  10  000  ohms  may 
be  used.  If  the  line  is  central  en- 
ergy, condensers  should  be  placed 
in  series  with  the  carbons,  but  if 
magneto  the  condensers  should  be 
omitted.  It  may  be  found  neces- 
sary to  slightly  adjust  the  re- 
sistances to  get  a  perfect  balance. 
These  resistances  should  be  placed 
at  each  instrument  in  addition  to 
the  regular  protectors.  The  re- 
sistance placed  at  each  instrument 
should  be  at  least  5  000  ohms  mul- 
tiplied by  the  number  of  tele- 
phones on  the  line.  A  telephone 
line  paralleling  a  power  line 
should,  of  course,  be  transposed 
regularly.  Every  fifth  to  eighth 
pole  is  good  practice.  A  ground- 
ed repeating  coil  might  be  used, 
but  it  would  not  remove  the  diffi- 
culty as  completely  as  the  above 
arrangement  because  it  would 
transmit  electrically  one-half  the 
difference  between  the  two  leak- 
age currents.  If,  however,  the  two 
sides  of  the  line  had  nearly  the 
same  insulation  to  ground,  the  re- 
peating coil  would  be  sufficient. 
See  No.  242.  e.  b.  t. 

548 — Blackening  of  High-Tension 
Aluminum  Conductor — We  have 
a  23, 000  volt,  60  cycle,  three- 
phase  transmission  line,  30  miles 
in  length.  The  conductors 
which  are  No.  r  stranded  alum- 
inum cable  spaced  four  feet 
apart,  were  erected  about  seven 
months  ago.  About  two-thirds 
of   the   line   has   been   in   service 
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for  five  months  and  one-third  of 
it  for  one  month.  For  some 
reason  the  conductors  on  the 
first  section  of  the  line  are  dis- 
colored until  they  are  almost 
black,  while  the  section  which 
has  not  been  in  service  so  long 
shows  very  little  discoloration. 
This  change  of  color  obviously 
is  not  due  to  any  local  condi- 
tion along  the  line,  as  there  is 
a  4000  volt  secondary  line  on 
the  same  poles,  erected  at  the 
same  time  and  of  the  same  size 
of  aluminum  cable,  which  is  as 
bright  as  when  it  was  installed. 
What  is  the  cause  of  the  z?>  000 
volt  conductors  becoming  black? 

J.  B.  c. 

This  phenomenon  has  often 
been  noted,  the  first  time  being 
many  years  ago,  and  is  not  pecu- 
liar to  aluminum,  as  might  be  in- 
ferred from  the  question.  An  ac- 
cepted explanation  and  one  which 
seems  not  to  fail  to  explain  any 
case  heretofore  observed  is  that  the 
blackening  noted  is  due  to  the 
bombardment  of  the  high-tension 
conductor  by  finely  divided  solid 
particles  in  the  air  due  to  the  al- 
ternating electro-static  stress. 
Low-tension  conductors  also  ac- 
quire the  same  coating  eventually, 
although  the  time  required  is 
greater  on  account  of  the  differ- 
ence in  the  violence  of  the  action. 
Accompanying  the  electro-static 
bombardment  there  is  also  prob- 
ably some  oxidation  of  the  surface 
of  the  conductor  which  aids  the 
bombarding  particles  to  adhere  to 
it.  Analysis  of  one  sample  of  the 
coating  so  formed  showed  it  to 
consist  largely  of  carbon  with 
some  oxide    of  aluminum.         w.  h. 

549 — 500  hp,  500  Volt,  60  Cycle 
Underground  Cable  —  A  three- 
wire,  lead  covered  cable  is  to  be 
installed  underground  for  a  dis- 
tance of  635  feet.  500  hp,  at 
500  volts,  60  cycles  is  to  be 
transmitted  with  an  allowable 
drop  of  10  percent.  I  under- 
stand that  the  factors  to  be  taken 
into  consideration  are  resist- 
ance, inductance  and  frequency. 
The  results  which  T  have  ob- 
tained by  calculation  indicate 
that     a    220000     circ.    mil    cable 


would  be  required;  or,  allowing 
for  50  percent  over-load,  one  of 
330000  circ.  mils.  Will  you 
please  give  formula  for  the  cal- 
culation of  such  a  case  and  ex- 
ample of  its  application.  ^There 
are  apparently  several  ways  of 
arriving  at  the  desired  results. 

A.  T.  A. 

The  power-  factor  of  the  load 
should  be  known.  This  is  very 
important,  as  it  affects  the  current 
as  well  as  the  regulation  for  a 
given  current.  Calculation  based 
on  330000  CM.,  750  hp,  (=560 
kw),  80  percent  power-factor,  500 
volts  at  receiving  end,  and  a  fre- 
quency of  60  cycles,  gives  the  fol- 
lowing. For  purposes  of  calcu- 
lation of  regulation,  and  in  gen- 
eral, except  carrying  capacity,  it 
is  allowable  to  calculate  as 
though  using  two  conductors  for 
a  single-phase  circuit  transmit- 
ting one-half  the  power.  This 
gives  448  amperes.  The  reactance 
per  1000  feet  of  conductor  is  about 
0.030  ohms  at  60  cycles;  the  re- 
sistance 0.0314  at  68  degrees  F.  This 
gives  reactance  volts  for  the  cable 
=:  17. T,  and  resistance  volts  =  17.9, 
which  means  a  regulation  of  17. i 
X  0.6  +  17.9  X  0.8  =  24.6  volts.  The 
transmitting  voltage  would  be 
524.6  and  the  percent  regulation 
24.6  -^  525  =  4.7  percent — very 
much  better  than  ten  percent. 
Were  the  transmitting  voltage  500, 
the  current  would  be  larger  and 
the  regulation  about  ten  percent 
greater,  e.g.,  5.1  percent  regula- 
tion. At  100  percent  power-fac- 
tor, the  regulation  would  be  about 
2.8  percent  since  the  current 
would  be  less  and  the  reactance 
would  have  little  effect.  A  large 
number  of  the  problems  concern- 
ing the  regulation  of  a  cable  must 
be  solved  by  cut  and  try  methods. 
One  must  assume  certain  condi- 
tions and  if  the  results  given  by 
these  are  not  as  desired,  try  oth- 
ers. It  should  be  noted  that  the 
regulation  of  say  a  i  000000  C.  M., 
cable  transmitting  i  000  kw  is  not 
the  same  as  that  of  a  500000  C.  M. 
cable  transmitting  500  kw,  at  the 
same  voltage,  frequency,  etc.,  ex- 
cept for  direct-current  or  approx- 
imately for  unity  power-factor. 

R.  W.  A. 
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With  the  comparatively  recent  introduction  not 
Economic  only  of  new  but  of  medium  sized  light  units  such 
Features  of  as  the  Nernst,  Cooper-Hewitt,  Moore,  tungsten, 
Industrial  tantalum  and  metallized  filament  lamps,  the  art  of 
Lighting  illumination  may  be  said  to  have  developed  into  the 
science  of  illuminating  engineering.  This  change, 
with  the  far-reaching  possibilities  involved  in  it,  is  as  yet  but  im- 
perfectly understood  by  the  public  at  large  and  time,  therefore,  will 
be  required  to  demonstrate  the  tremendous  advantages  to  be  derived 
from  a  scientific  analysis,  now  attainable,  of  any  lighting  problem 
as  against  the  cut  and  try  method  of  arriving  at  a  solution  hereto- 
fore in  common  use. 

Illuminating  engineering  when  applied  to  any  special  case, 
seeks  to  determine  the  light  best  adapted  for  the  purpose,  having 
due  regard  for  all  the  conditions,  and  embraces  such  factors  as 
quantity,  quality,  distribution,  continuity  of  service,  surroundings, 
costs,  etc.  The  large  variety  of  light  units  and  the  accessory  ap- 
paratus now  available,  render  a  determination  of  the  proper  kind  of 
unit  no  longer  a  perplexity  but  a  comparatively  simple  matter.  One 
of  the  hardest  things  the  illuminating  engineer  has  to  contend  with, 
however,  especially  in  interior  lighting,  is  the  difficulty  in  setting 
down  in  figures  the  total  economy — not  merely  in  the  production  of 
the  light  itself  but  also  that  made  possible  by  its  use — which  may  be 
effected  by  a  modern  system  of  lighting,  and  this  is  particularly  true 
in  plants  already  equipped  with  lighting  facilities,  inadequate 
though  these  may  be  in  many  cases. 

Among  the  several  items  contributing  to  the  total  gain  are  the 
following : 

I — Decrease  in  cost  of  operation  and  maintenance  of  the  light- 
ing system,  or  increase  in  the  quantity  and  quality  of  the  lighting  for 
the  san:e  cost. 

2 — Greater  accuracy  in  workmanship  Avith  consequent  lessening 
of  defective  work. 

3 — Increase  in  production  with  accompanying  decrease  in  cost. 

4 — Reduced  liability  of  accidents. 
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5 — Lessening  of  eye  strain. 

6 — More  cheerful  surroundings. 

It  will  be  seen  from  this  list  that  while  the  first  of  these  items 
will  readily  be  appreciated  by  everybody,  since  it  can  be  measured  in 
exact  money  values,  such  is  not  the  case  with  the  others ;  in  fact  the 
very  existence  of  some  of  them  may  perhaps  be  a  novel  thought  to 
many  people  who  have  not  given  the  subject  of  lighting  any  par- 
ticular study.  Nevertheless,  even  though  it  be  impossible  to  set 
forth  in  advance  the  exact  savings  which  will  result  from  these 
other  causes,  the  arguments  for  them  are  so  reasonable  as  to  aj^peal 
in  greater  or  lesser  degree  to  every  one  who  has  occasion  to  con- 
sider the  matter. 

The  present  issue  of  the  Journal  contains,  among  other  arti- 
cles on  the  subject  of  illumination,  two  of  intensely  practical  value 
by  Mr.  C.  E.  Clewell  on  factory  and  office  lighting  respectively.  In 
these  articles,  specific  examples  of  successful  lighting  have  been 
selected  for  discussion,  the  governing  conditions  being  set  forth, 
the  various  tests  that  were  made  fully  descri])ed,  and  reasons  as- 
signed for  the  conclusions  reached.  Rules  for  sizes  of  la  ^ps.  spac- 
ing distances,  etc.,  have  also  been  given,  by  means  of  wliich  almost 
anyone  can  make  the  necessary  calculations  for  the  more  simple 
installations.  It  is  to  be  noted,  however,  that  certain  constants  are 
involved  in  these  rules  that  are  the  results  of  a  vast  amount  of  ex- 
perimental data  accumulated  by  various  investigators ;  and  while 
perfectly  reliable  as  far  as  they  go,  are  not  intended  to  cover  all 
lases.  Instances  may,  therefore,  occur  wdien  it  will  be  necessary 
to  make  additional  experiments  similar  to  those  described  in  order 
to  meet  the  actual  conditions  most  atxx^ptably.  C.  B.  Auel 


..    .  Modern    irethods   of   transportation    have   made   a 

Modern  ^    ,  .     ^,  ',,..,. 

great  change  m  the  geographical  distribution  of  pop- 
ulation   in    large    centers.     Urban    and    interurban 

^.        ^  lines  have  made  it  possible  for  large  numbers  of  peo- 

Elevators 

l)le  to  reside  in  comfortable  and  healthful  locations 

and  still  attend  to  their  work  in  crowded  cities.  In  a  like  manner 
the  modern  high  speed  elevator  has  made  possible  the  concentra- 
tion of  large  nunbers  of  people  for  business  purposes  in  tall  office 
buildings  which  are  well  lighted,  well  ventilated  and  in  which  inter- 
communication is  exceedingly  easy.  The  modern  sky-scrai:ier  would 
be  a  practical  impossibility  without  its  bank  of  elevators  and,  as  the 
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height  of  these  buildings  increased,  increasing  demands  have 
been  made  upon  the  elevator  builders  for  machines  which  would 
be  satisfactorily  operative  for  greater  and  greater  heights.  The  ar- 
ticle by  Mr.  Hymans  on  "Direct  Traction  Electric  Elevators",  in 
this  issue  of  the  Journal,  describes  a  comparatively  recent  devel- 
opment in  elevator  design  which  is  especially  applicable  to  very 
high  buildings.  The  gearless  direct  traction  type  of  elevator  is  the 
simplest  yet  developed  -md  follows  along  the  same  line  as  numerous 
other  inventions  in  which  the  final  and  accepted  form  does  away 
with  the  initial  complications  and  becomes  comparatively  simple. 

In  the  direct  traction  type  of  elevator,  the  niotor  is  usually 
placed  at  the  top  of  the  hatchway  directly  over  the  elevator  car,  and 
the  hoisting  cables  pass  from  the  car  up  to  the  traction  sheave  on 
the  armature  shaft  and  make  a  continuous  cable  connection  be- 
tween the  car  and  counter-weight. This  method  has  proven  ex- 
tremely satisfactory  for  high  speeds.  The  machine  as  finally  de- 
veloped is  provided  with  numerous  devices  which  make  what  is 
considered  the  safest  and  most  reliable  elevator  of  the  present  day. 

In  a  large  building  such  as  the  Oliver  Building  the  dispatching 
of  elevators  becomes  quite  a  ])robleni  and,  as  carried  out  in  this 
building,  the  cars  can  be  operated  on  a  regular  schedule,  the  dis- 
patcher being  at  all  times  informed  of  the  location  of  each  car. 
With  the  various  signaling  devices  used  in  such  an  installation  travel 
is  much  more  satisfactory  than  in  ordinary  small  installations,  as 
the  cars  are  kept  running  at  very  frequent  intervals  and  special 
express  service  is  provided  for  those  occupyng  the  upper  floors. 
These  particular  elevators  are  not  only  provided  with  all  possible 
safety  features,  but  the  hatchway  doors  are  equipped  with  contactr* 
so  connected  with  the  electric  control  circuits  that  a  car  cannot  be 
started  while  any  door  in  its  hatchway  is  open.  This  eliminates 
the  most  fruitful  source  of  elevator  accidents,  that  of  starting  a  car 
while  a  passenger  is  attempting  to  get  on  or  off. 

For  many  years  the  vertical  geared  hydraulic  elevator  was  by 
far  the  most  generally  used  for  office  buildings  where  the  rise  or 
travel  of  the  elevators  was  high,  and  safety  and  speed  were  at  all 
important.  More  recently  the  vertical  plunger  elevator  became  a 
strong  contender,  but  after  about  eight  years'  trial  for  high  rise 
work,  has  proven  less  satisfactory  and  its  popularity  is  waning. 
Both  are  being  supplanted  by  the  gearless  traction  machine,  which 
is  ada])ted  for  higher  ri^es  and  speeds,  and  which  gives  smoother 
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operation,  better  economy,  takes  up  less  space  in  the  building  and 
is  as  safe  an  elevator  as  modern  engineering  has  been  able  to  de- 
vise. Despite  its  smoothness  of  operation,  the  acceleration  and 
retardation  in  starting  and  stopping  are  so  rapid  that  for  a  given  car 
speed  it  will  carry  more  passengers  per  day  than  any  other  type  of 
elevator. 

Each  of  the  high  rise  elevators  in  the  Oliver  Building  average 
about  33  car  miles  per  day,  which  means  that  each  car  makes  an 
average  of  231  round  trips.  As  each  car  will  hold  about  15  pas- 
sengers, an  average  of  six  or  seven  passengers  on  each  trip,  would 
aggregate  3  000  passengers  per  day  for  each  car.  The  demand 
made  upon  elevators  in  office  buildings  can  readily  be  appreciated 
when  it  is  realized  that  the  average  business  man  takes  but  one  trip 
down  town  in  the  morning  on  a  train  or  trolley  car  and  one  back  at 
night.  Whereas  he  takes  an  elevator  to  his  office,  makes  one  round 
trip  for  lunch,  several  more  during  the  day  to  keep  appointments, 
and  finally  conies  down  in  the  elevator  at  night ;  so  that  for  every 
round  trip  on  a  trolley  car  the  business  man  will  average  several 
round  trips  on  the  elevators  in  his  own  and  other  office  buildings. 

In  view  of  the  enormous  number  of  persons  using  elevators 
and  the  rapidity  with  which  they  are  handled,  it  speaks  well  for  the 
safety  of  this  class  of  apparatus  that  there  are  so  few  accidents ; 
in  fact,  compared  with  any  other  form  of  transportation,  the  per- 
centage of  accidents  on  elevators  dwindles  to  insignificance. 

F.  E.  Town 


It  is  one  of  the  idiosycrasies  of  human  nature  to 
American       overlook  that  which  is  nearest  at  hand  and  reach 
Association     out   for  the  distant  and  often   unattainable.     The 
for  the         native  inhabitant  of  a  city  is  notoriously  ignorant 
Conservation    of  its  peculiarities  and  special  attractions;   and   it 
of  Vision       is  an  equally  well  known  fact  that  improvements 
and  discoveries  in  the  arts  have  largely  been  made 
by  those  who  had  not  been  brought  up  in  the  cult.     Blindness  has 
always  existed  and  has  therefore  been  assumed  to  be  a  necessary 
evil   and,  although  the  medical   fraternity  has  long  known  that  a 
considerable  part  of  blindness  is  due  to  easily  preventable  causes, 
it  has  made  no  concerted  efifort  to  educate  the  public  in  regard  to 
the  nature  of  the  causes  or  the  means  of  prever^ting  the  dire  results. 
About  a  dozen  years  ago  Dr.  F.  Park  Lewis,  an  ophthalmolo- 
gist; of  B|4ff^lo,  became  Impressed  with  th?  nee4  Qf  si;c|i  public 
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education  and  began  a  propaganda  of  arousing  public  sentiment, 
both  within  and  without  the  professional  lines  of  medicine.  As  a 
result  of  his  work  a  number  of  committees  and  local  organizations 
were  formed  having  for  their  object  the  prevention  of  blindness. 
At  first  these  directed  their  attention  particularly  to  the  subject  of 
"ophthalmia  neonatorum,"  a  form  of  blindness  due  to  contagious 
infection  of  infants  at  birth,  and  which  is  responsible  for  from 
fifteen  to  twenty-five  percent  of  all  total  blindness.  As  interest  in 
this  work  grew,  other  preventable  causes  of  blindness  were  added 
to  the  list,  until  the  rubject  reached  its  logical  conclusion,  that  of 
considering  not  only  the  prevention  of  total  blindness  but  of  all 
injuries  and  impairments  to  the  vision.  Since  light  is  the  agency 
through  which  vision  is  accomplished,  the  subject  of  illumination 
of  necessity  formed  a  vital  part  of  this  broader  subject  of  tho 
conservation  of  vision. 

In  order  to  better  cai  ry  out  the  larger  work  of  conserving 
vision,  a  national  organization  was  formed  having  the  title  of  the 
"American  Association  for  the  Conservation  of  Vision."  The 
general  work  of  the  Association  naturally  divides  itself  into  several 
rather  distinct  subjects.  In  order  to  carry  this  out  systematically 
six  difi'erent  departments  are  provided,  viz., — department  of  disease 
and  defects  of  the  eye ;  educational  department ;  industrial  depart- 
ment ;  department  of  statistics  and  information ;  department  of  leg- 
islation, and  department  of  publicity. 

Each  of  these  departments  is  conducted  by  a  director  with  a 
staff  of  five  associates,  and  such  sub-committees  as  may  be  helpful 
or  needful  from  time  to  time.  The  educational  department  is  now 
working  with  a  special  committee  of  the  National  Educational  As- 
sociation on  the  subject  of  the  care  and  preservation  of  the  eyes  of 
school  children.  The  lighting  of  school  buildings,  both  by  natura? 
and  artificial  means,  are  among  the  subjects  which  this  depart- 
ment will  carefully  investigate.  The  industrial  department  will 
have  the  co-operation  of  the  American  Medical  Association,  headed 
by  Dr.  William  Campbell  Posey,  of  Philadelphia,  which  is  taking 
up  the  subject  of  the  preservation  of  the  eye  in  industry,  including, 
of  course,  the  subject  of  illumination.  Another  committee  of  the 
American  Medical  Association,  formed  especially  to  investigate  the 
subject  of  accidents  to  the  eye,  headed  by  Dr.  Mark  D.  Stephen- 
son,  of  Akron,  Ohio,  will  also  actively  co-operqte  with  the  industrial 
department. 
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The  Association  will  make  a  special  effort  to  carry  out  such 
comprehensive  investigations  as  to  develop  definite  standards  of 
practice,  of  which  there  is  now  a  general  and  sad  lack.  Perhaps 
the  most  important  work  of  all  to  be  accomplished  by  this  Associa- 
tion is  the  education  of  the  public  to  the  necessities,  as  well  as  to 
the  possibilities,  of  caring  for  the  eyes,  from  the  prevention  of  total 
blindness  at  birth  to  the  proper  conditions  for  their  use  throughout 
every  stage  of  life.  To  this  end  an  active  publicity  campaign  will 
be  carried  out  through  public  lectures,  the  distribution  of  literature, 
public  exhibitions,  etc.  Active  co-operation  will  be  taken  up  with 
the  various  state  and  local  organizations,  and  similar  organizations 
created  wherever  it  ir.ay  seem  propitious  to  do  so. 

The  officers  of  the  Association  are :  President,  Dr.  F.  Park 
Lewis ;  Vice-President,  E.  L.  Elliott ;  Secretary,  Mrs.  Ida  B.  Hiltz ; 
Treasurer,  Samuel  Ely  Eliot,  and  the  Association  offices  are  in  the 
Engineering  Societies  Building,  29  West  39th  Street,  New  York 
Citv.  E.  L.  Elliott 


The  twenty-fifth  anniversary  of  the  commercial  in- 
Twenty=fifth  troduction  of  the  alternating-current  transformer  in 
Anniversary   America,  was  celebrated  by  a  dinner  to  Mr.  William 
of  the  Stanley,  by  the  Pittsfield  Section  of  the  American 

Transformer  Institute  of  Electrical  Engineers  on  Thursday,  May 
4t]i.  Tlie  toastmaster,  I'resident  Jackson,  five  Past 
Presidents,  Martin,  Thom]:)son,  Sprague.  Steinmetz  and  Scott,  and 
tlie  other  speakers,  E.  W.  Rice,  jr..  Parley  A.  Russell,  Frederick 
Darlington  and  Walter  S.  Moody,  had  nearly  all  been  associated  with 
]\Ir.  Stanley  in  one  way  or  another  twenty-five  or  thirty  years  ago. 
Mr.  Stanley  told  a  most  interesting  story  of  the  ideas  and 
eft'orts  which  resulted  in  the  first  transfor-rer,  then  called  a  con- 
verter, and  the  first  commercial  alternating-current  service.  It  is 
difficult  for  those  familiar  with  present  theories  and  methods  to 
really  understand  how  vague  were  the  ideas  regarding  alternating- 
current  twenty-five  years  ago.  Mr.  Stanley  said  that  the  principal 
electrical  workers  had  for  several  years  appreciated  the  serious 
limitations  of  the  no  volt  circuits  which  were  employed  for  incan- 
descent lighting.  The  three-wire  system  was  a  great  advance. 
\^arious  methods  of  using  constant  current  arc  lighting  machines 
were  attempted,  one  of  these  l)eing  the  series-parallel  method  in 
which  different  lighting  circuits,  each  supplying  lamps  in  parallel, 
were  connected  in  series.  When  fewer  lamps  were  used  on  one 
circuit   than  on  others,   resistances   were  sometimes  introduced  to 
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compensate  for  the  lamps  which  were  not  burning.  In  other  cases, 
storage  battery  cells  were  used.  Mr.  Stanley,  at  one  time,  pro- 
posed using  alternating  current  and  induction  coils  having  a  coun- 
ter electromotive-force  on  alternating  current  corresponding  in  a 
way  to  that  of  the  storage  battery  on  direct  current.  Other  plans 
were  thought  of,  all  ai  r.ing  at  a  method  of  employing  a  high  volt- 
age on  the  dynanio  and  in  the  circuits  and  at  the  same  time  secur- 
ing approximately  100  volt  service  for  incandescent  lamps. 

In  1883,  Lucien  Gaulard  brought  out  in  England  an  alternat- 
ing-current system  in  which  induction  coils  were  operated  in  series. 
The  several  "inductoriums"  or  open  magnetic  circuit  transformers 
were  connected  with  their  primary  windings  in  series,  while  their 
secondary  windings  had  the  same  number  of  turns.  This,  how- 
ever, was  a  constant  current  and  not  a  constant  i)otential  system  so 
th.at  the  lamps  on  the  '^econtlary  circuits  were  subjected  to  serious 
changes  in  voltage  if  the  number  (  f  lamps  on  a  transformer  sec- 
ondar}-  circuit  was  varied.  This  system,  h(jwever.  awakened  in- 
terest  and   inspired  liope. 

In  1885,  while  Air.  Stanley  was  engaged  principally  in  the 
developmeiU  of  the  incandescent  la  ^  ])  for  Mr.  Westinghouse  in 
Pittsburg,  the  latter  purchased  the  Gaulard  and  (libbs  patents.  A 
contract  arrangement  was  made  by  which  Mr.  Stanley  should  un- 
dertake the  development  and  adaptation  of  the  alternating  systen 
for  commercial  service.  In  the  Fall  of  that  year,  ..Ir.  Stanley  set 
to  work  in  an  old  disused  rubber  mill  at  his  lu)me  in  Great  Bar- 
rington,  ?^Iass.,  and  constructed  about  a  dozen  transformers,  each 
wound  to  reduce  the  500  volt  main  line  potential  to  loO  volts  in  the 
secondary  circuit.  These  transformers  differed  from  the  Gaulard 
"inductoriums"  in  having  the  primary  wound  for  a  relatively  high 
potential,  and  in  having  the  primary  terminals  connected  in  parallel 
to  a  constant  potential  circuit  instead  of  being  connected  in  series 
in  a  constant  current  circuit. The  coils  were  made  with  a  closed 
magnetic  circuit  and  the  general  proportions  of  the  transformers 
were  remarkably  similar  to  those  of  the  modern  "Shell  Type." 
The  idea  of  a  counter  electromotive-force  of  approximately  500 
volts  which,  when  connected  to  a  500  volt  circuit,  would  resist  the 
flow  of  current  through  a  primary  coil  having  a  resistance  of 
only  one  ohm,  was  so  palpable  a  violation  of  ( )hm's  law  that  it 
was  ahiK^st  beyt^id  the  comprehension  of  the  electrician  who  was 
familiar  with  direct-current  phenomena. 
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Regardless  of  popular  ideas,  the  transformers  gave  good  prom- 
ise and  a  Siemens  machine,  which  had  been  imported  from  Eng- 
land for  tests  at  Pittsburg,  was  employed  as  a  generator  and  the 
transformers  were  erected  in  the  Spring  of  1886  and  properly  con- 
nected for  supplying  a  number  of  stores  in  Great  Barrington  with 
current  on  a  commercial  basis.  The  plant  continued  in  operation 
for  several  months  until  a  screw-driver  was  accidentally  dropped 
into  the  dynamo  and  wrecked  the  coils. 

Mr.  Stanley's  own  story  of  this  interesting  history  was  sup- 
plemented at  the  Anniversary  by  a  letter  which  I  had  the  privilege 
to  present,  giving  Mr.  Stanley's  own  account  of  the  starting  of  this 
plant,  written  by  himself  at  the  time. 

The  success  of  this  initial  plant  led  to  the  commercial  adoption 
of  the  alternating-current  system  by  the  Westinghouse  Electric 
Company.  The  misgivings  of  experts,  the  apprehensions  of  the 
dangers  of  high  voltage,  the  antagonism  of  opposing  commercial 
interests  did  not  prevail  and  the  little  25-light  transformers  opened 
the  way  for  a  new  era  in  electric  development. 

Twenty-five  years  ago,  direct-current  incandescent  lighting  at 
no  or  220  volts  and  direct-current  series  arc  lighting  comprised 
practically  the  whole  of  the  electrical  industry,  and  the  direct- 
current  railway  was  in  its  earliest  stages.  The  220  volt  system  has 
still  the  same  limitations  as  to  distance,  while  much  of  the  current 
it  now  uses  is  first  generated  and  transmitted  as  alternating  current. 
Direct-current  arc  dynamos  have  practically  disappeared  and  the 
current  for  arc  lighting  and  much  of  that  used  for  electric  railways 
is  now  generated  as  alternating  current,  although  it  may  later  be 
converted  into  direct  current.  Generally  speaking,  nearly  all  elec- 
trical energy  is  now  generated  as  alternating  current,  and  a  large  por. 
tion  of  this  electrical  energy  is  utilized  in  motors,  lamps  and  other 
devices  as  alternating-current. 

In  a  quarter  of  a  century  transformers  have  increased  in  size 
10  000  fold,  and  practically  all  electric  energy  now  used  passes 
through  at  least  one  transformer  and  sometimes  two  or  three.  The 
past  trend  and  the  future  plans  for  electrical  development  depend 
upon  the  transformer. 

Well  may  we  do  honor  to  Mr.  Stanley,  the  electrician  and 
inventor,  and  to  Mr.  Westinghouse,  the  engineer  and  manager,  for 
their  foresight  and  courage  in  undertaking  and  promoting  a  devel- 
opment which  means  so  much  to  the  electrical  industry  and  to  the 
public  welfare.  Chas.  F.  Scott 


Mr.  STANLEY'S  Report  of  the  Starting  of  the  First 

ALTERNATING-CURRENT  PLANT  IN  AMERICA 


Laboratory  of  William  Stanley,  Jr., 

Great  Barrington,  Mass.,  3-17-86. 
George  Westinghouse,  Jr.,  Esq., 

Pittsburg,  Pa. 
My  Dear  Sir : 

I  am  pleased  to  be  able  to  inform  you  that  the  secondary  system  is 
being  rapidly  completed.  As  I  mentioned  some  time  ago,  I  believe  the 
true  way  to  study  it  is  to  give  it  a  commercial  test  here  in  town.  I  have, 
therefore,  run  w^ires  from  the  laboratory  to  the  village  and  have  placed 
a  converter  in  my  cousin's  store  in  order  to  test  the  commercial  neces- 
sities. '^^  The  lamps  in  the  store  w^ere  running  last  night.  I  expect  to  have 
three  or  four  lamps  in  the  hotel  (The  Berkshire  House)  and  in  three  or 
four  other  stores  running  in  a  few  days  more.  In  short,  I  expect  to  have 
a  demonstration  of  the  system  ready  for  inspection  within  two  weeks 
time,  perhaps  sooner.  The  Siemens  machines,  while  they  work  well, 
have  no  self-regulation,  and  I  am  therefore  anxious  to  have  the  new 
alternate  current  dynamo  now  at  the  shop  tested  to  determine  this  point 
in  it.  As  I  thought  it  better,  I  have  borne  the  expense  of  the  little  town 
plant  myself.  All  the  converters  are  under  lock  and  key,  so  that  no  one 
knows  anything  about  them.  I  have  had  dies  made  to  stamp  the  new 
converters,  and  believe  that  this  size,  viz.,  25-16  c.  p.  lights,  is  satisfactory. 
May  1,  as  soon  as  I  am  ready,  write  Mr.  H.  H.  Westinghouse  and  Mr. 
Kerr  to  come  up  and  see  the  plant?  I  did  not  intend  to  have  it  known 
at  all,  but  Mr.  Davis,  of  W.  C.  K.  &  Co.  came  up  to  fix  the  engine  plant 
and  saw  the  lamps,  etc.  I  asked  him  to  say  nothing  about  it  in  his 
travels.  My  head  troubled  me  some  time  ago  so  much  that  I  ran  away 
a  week  to  Savannah  and  back  by  steamer,  and  am  now  much  better,  I 
am  striving  all  1  can  to  finish  this  system_  for  you  at  the  earliest  possible 
date,  but  it  is  expensive  work.  Possibly  you  will  allow  me  a  longer  rest 
when  I  have  finished  my  work.  I  might  say  a  great  deal  about  the 
system,  but  briefly,  it  is  all  right.     I  am,  sir, 

Yours  truly, 

William  Stanley,  Jr. 

I  will  send  a  fuller  report  in  a  few  days.  I  am  now  right  in  the 
midst  of  the  work.  The  working  drawings  for  the  converters  will  be 
ready  very  soon. 


FACTORY   LIGHTING  PROBLEMS 

C.  E.  CLEWELL 

HOW  much  is  the  accuracy  and  general  quaHty  of  workman- 
ship improved  by  good  instead  of  poor  Hght? 
How  much  does  the  stimulating  effect    of    bright  sur- 
roundings contribute  to  cheerfulness  of  mind  and  alertness  of  action? 

How  many  mistakes  in  reading  figures  on  blueprints  or  on 
scales  are  due  to  poor  light? 

How  much  fatigue  and  eye  strain  and  impaired  vision  is  caused 
by  inferior  or  improper  lighting? 

How  much  are  accidents  to  machinery  and  to  workmen  de- 
creased by  having  good  instead  of  poor  light  ? 

It  is  difficult  to  answer  these  questions  in  a  definite  manner, 
but  no  one  familiar  with  industrial  c;)nditi()n>  will  take  excei)tion 
to  the  statement  that  good  light  is  better  than  bad  light.  And  if  it 
can  be  shown  that  the  actual  cost  of  good  light  is  small  compared 
with  tlie  value  of  the  advantages  secured,  then  poor  lighting  has  no 
defence. 

The  practical  problems  involved  in  planning  a  lighting  system 
are  the  determination  of  the  factors  which  constitute  good  lighting, 
by  careful  study  of  the  exact  conditions  under  which  the  light  is 
to  be  used,  and  the  adaptation  of  the  means  at  hand  to  these  con- 
ditions. Simple  as  these  problems  may  seem,  when  carefully  an- 
alyzed, they  will  be  found  to  be  much  more  intricate  and  involved 
than  might  be  expected. 

RELATION    OF    TIIKSR    PRORl.EMS    TO    EFFICIENT     M  ANAC.HM  I:NT 

In  factory  work  efficiency  should  be  considered  from  at  least 
two  viewpoints;  in  the  one  case,  that  of  the  machine,  and  in  the 
other,  that  of  the  workman.  The  surrounding  conditions  under 
which  work  is  done  are  of  prime  importance  when  considering  the 
items  which  contribute  to  man-efficiency.  Among  these  conditions 
is  that  of  artificial  light.  Poor  light  produces  a  bodily  and  mental 
discomfort  which  seriously  aft'ect  the  man  and  his  work.  When  the 
work  is  seen  with  difficulty,  when  the  drawings  are  indistinct  and  the 
surroundings  dim  and  gloomy,  the  conditions  necessary  for  high 
efficiency  are  lacking.  In  those  instances,  therefore,  where  superior 
light  improves  the  physical  characteristics  which  tend  t  )ward  a 
better  class  of  work  and  affords  more  cheerful  conditions,  it  should, 
without  question,  be  provided. ^•• 


*See  "Notes  on   Factory  Lighting,"  by  the  author  in  the  Journal   for 
March,  igio. 
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CLASSIFICATION    OF    PROBLEMS    IN    FACTORY    WORK 

A  classification,  in  complete  form,  of  the  various  cases  in- 
cluded under  this  head  will  be  hardly  possible  of  successful  ac- 
complishinent.  Factory  lighting  might  be  grouped  according  to 
surroundings,  that  is,  whether  ceiling  and  walls  are  light  or  dark ; 
the  presence  or  absence  of  line  shafting  and  belting;  the  work, 
whether  flat,  as  in  the  case  of  some  bench  w^ork,  or  consisting  of 
high  machines  and  other  obstructions  to  the  light.  It  might  also 
be  grouped  according  to  the  height  of  ceiling  and  width  of  location, 
although  in  such  a  scheme  two  spaces  of  the  same  dimensions  and 
ceiling  height,  might  call  for  entirely  separate  illumination  plans 
due  to  other  conditions  as  before  suggested.  For  these  reasons  a 
complete  classification  of  work  of  this  kind  is  hardly  possible  or 
even  advantageous.  It  has,  however,  been  found  convenient  and 
helpful  in  a  given  factory  to  separate  the  lighting  problems  in  the 
various  locations  according  to  ceiling  heights  because  the  size  of 
lamps  and  their  spacing  depend  to  a  large  extent  on  this  factor.  Low 
ceilings  generally  call  for  small  or  medium  sized  lamps,  while  large 
lam])s  are  more  api^licable  to  the  higher  ceilings  and  mounting 
heights. 

Certain  illu  r.ination  data,  which  has  been  taken  from  actual  in- 
stallations in  a  factory,  is  shown  in  Table  I.  The  information  con- 
tained in  this  table  is  not  intended  to  serve  as  a  rule  for  factory 
work  in  general,  but  may  be  used  as  a  guide  in  other  locations 
where  the  ceiling  height  corresponds  and  where  the  surroundings 
are  comparable.  It  will  he  noted  that  the  data  in  this  table  refers 
to  tungsten  lanrps.  The  tungsten  lamp  is  a  type  of  the  medium 
sized  light  unit  which  has  dtjne  much  to  promote  rapid  strides  in 
illumination  as  applied  to  factories.  While  special  references  are 
made  to  tungsten  lamps  in  this  article,  the  principles  and 
general  notes  apply  with  equal  force  to  other  lamps  of  medium  size 
such  as  the  Cooper-Hewitt  and  the  Xernst  lamp. 

Certain  Items  Bearing  on  Effective  Illumination — The  intensity 
of  illumination*  on  the  working  surface  is  one  of  the  important 
items  which  determine  the  success  or  failure  of  any  lighting  system. 
The  eye  is  affected  by  the  intensity  of  the  light  reflected  from  the 


*Tlie  terms  "Illumination"  and  "Light"  are  used  by  some  to  indicate  the 
cflect  on  the  work  and  the  effect  from  tlie  lamp  respectively.  This  terminol- 
oKv  is  not  vet  popularlv  recognized  .nul  the  terms  are  often  tised  interchange- 
ably. 
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object,  rather  than  by  the  intensity  of  the  Hght  thrown  on  the 
work.  Hence  where  the  objects  are  of  a  very  dark  nature  more 
downward  ilhiniination  may  be  required  for  a  certain  factory  space 


TABLE  I— EXAMPLES 

OF  FACTORY  TUNGSTEN  LIGHTING 
SYSTEMS* 

1    1 

m 

1  fe 

ij 

s 

-a 

CO 

p. 

Class  of  Work  and  Character  of 
Surroundings. t 

8-1 

7-^ 
8-6 

8-ox  8-0      60 

0.96  iDetail  Work— Light  Ceiling.  No  Walls            | 

9-0 

8-ox  8-6 

100 

1.60 

Bench  Work,  Flat— No  Ceiling,  Dark  Walls 

ii-i 

10-3 

8-ox  8-9 

100 

1.56  Bench  Work— No  Ceiling,  Dark  Walls 

1 1-9 

II-O 

8-ox  9-6 

100 

1.56  Machining— Dark  Ceiling,  No  Walls 

1 1-9 

II-O 

1 1-3 

8-ox  8-9 

100 

1.56  Machine  Work— Dark  Ceiling  and  Walls 

12-0 

8-ox  8-0 

100 

1.54  Machine  Work— Dark  Ceiling  No  Walls 

12-0 

II-3 

7-0X  8-0 

100 

1.67  iMachine  Work— Dark  Ceiling  No  Walls 

12-0 

1 1-3 

7-ox  8-0 

100 

1.79  Bench  Work— Dark  Ceiling,  No  Walls 

12-6 

12-0 

8-oxio-o 

100 

1.25 

Machine  Work— Dark  Ceiling  No  Walls 

13-8 

I2-IO 

8-ox  8-6 

100 

1-54 

Machine  Work— Dark  Ceiling  and  Walls 

1 6-0 

14-6 

8-ox  8-9 

100 

1.61  |Detail  Work— No  Ceiling,  Dark  Walls 

1 6-0 
76^0^ 

15-2 

8-oXio-o 

100 

1.30  Rough  Work— No  Ceiling,  Light  Walls 

1 5-2 

11-6x16-0 

250 

1.23 

Painting  Machines— No  Ceiling,  Light  Walls 

1 6-0 

15-2 

10-0X12-0 

250 

1.76 

Fine  Die  Work^No  Ceiling,  Dark  Walls 

1 6-0 

15-2 

13-0XT4-0 

250 

1.18 

Bench  Work— No  Ceiling,  Dark  Walls 

24-9 

21-3 

10-0X12-0 

250 

r.8s 

Fine  Assemb.  Work— Dark  Ceiling,  No  Wall 

24-9 

21-3 

I 0-0x12-0 

250 

2.00 

Machine  Work— Dark  Ceiling,  No  Walls 

24-9 

21-3 

I 0-0X12-0 

250    1.66 

Testing— Dark  Ceiling,  No  Walls 

25-2 

21-7 

IOOXI2-0 

250    2.35 

Testing— Dark  Ceiling,  No  Walls 

than  where  the  work  is  light  in  color.  For  this  reason  factory  con- 
ditions often  present  difficulties  in  the  matter  of  lighting  wdiich  are 
not  in  evidence  in  office  work.  The  required  intensity  of  the  light 
for   various   kinds   of   work   is   an   item   impossible   completely   to 


*The  installations  here  referred  to  are  not  in  general  provided  with  drop 
lamps,  "the  over-head  light  being  sufficient  for  nearly  every  case. 

tin  factory  construction,  manufacturing  spaces  often  occur  where  the 
girders  and  columns  form  the  boundary  lines  without  walls.  Similarly  open 
girder  construction  often  occurs,  where  no  ceiling  exists  between  the  floor 
and  the  roof. 
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specify.  It  has  been  found  that  2.5  foot-candles*  on  the  working 
surface  are  sufficient  in  machine  work  where  practicaUy  no  dayhght 
is  present.  In  other  cases  where  hght  is  required  on  the  sides  of 
the  work,  and  where  the  work  itself  is  of  a  nature  requiring  the 
distinction  of  much  detail,  downward  intensities  of  five  foot-candles 
and  over  are  sometimes  necessary. 

The  intensity  of  the  light  is  not,  however,  always  the  most  im- 
portant feature.  In  some  cases  where  color  contrast  is  largely 
lacking,  an  increase  in  the  intensity  will  not  better  conditions,  as  in 
matching  or  assorting  based  on  color  differences.  In  other  cases 
work  is  based  almost  entirely  on  shadow  effect.  In  finishing  a  die 
for  a  punching,  dependence  may  be  placed  almost  entirely  on  the 
shadows  along  the  edges  of  the  die  in  judging  of  the  exactness  of 
the  fit.  In  an  instance  of  this  kind,  a  drop  lamp  in  the  hands  of  the 
workman  will  be  far  better  than  any  amount  of  overhead  illumina- 
tion, no  matter  what  the  intensity. 

REFLECTORS    FOR    UNIFORM     ILLUMINATION 

Uniformity  of  the  light  on  the  working  surface  may  refer 
either  to  the  vertically  downward  light*  or  to  some  other  compo- 
nent. The  vertically  downward  light  is,  however,  most  often  re- 
ferred to  when  the  term  "uniform  illumination"  is  used.  Uniform- 
ity of  downward  light  over  the  entire  surface  of  a  room  is  gener- 
ally looked  upon  as  an  advantage  in  a  lighting  system,  and  is  some- 
times the  only  factor  considered. 

Reflectors  or  shades  have  been  made  for  two  purposes.  One 
object  is  to  shield  the  direct  rays  of  the  lamp  from  the  eyes,  the 
other  being  to  re-direct  the  light  from  the  lamp  so  as  to  throw  it  in 
the  most  useful  and  effective  direction.  In  so  far  as  this  scientific 
side  of  reflectors  is  concerned,  they  are  now  designed  so  as  to  fur- 
nish fairly  definite  results.  Rules  for  the  use  of  such  reflectors  call 
for  a  certain  relation  between  the  spacing  of  lamps  and  their 
mounting  height  if  uniform  downward  light  over  the  entire  work- 


*A  foot  candle  is  the  unit  of  illumination  intensity,  and  may  be  defined  as; 
the  light  thrown  normally  on  a  surface  by  one  standard  candle  when  the  light 
source  and  the  surface  are  one  foot  apart. 

*An  effort  has  been  made  to  classify  downward  light  by  the  term  "hori-. 
zontal"  and  side  light  by. the  term  "vertical"  illumination.  This  is  based  on; 
the  fact  that  downward  light  is  effective  on  a  horizontal  plane  and  in  a  like 
manner  side  light  is  effective  on  a  vertical  plane.  If  the  terms  w^-re  intended 
primarily  to  refer  to  planes  this  nomenclature  would  be  appropr-i^te.  In  as 
much  as  the  terms  actually  refer  to  illnpination,.  ^h^  terms  ''downward"  and 
"side"  Ught  are  here  used  for  clearness.  " 
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ing  surface  is  desired.  For  example,  one  type  of  reflector  calls  for 
a  spacing  of  lam})s  equal  to  0.7  of  the  mounting  height  above  the 
floor.  If  this  relation  between  spacing  and  mounting  is  followed, 
uniformity  of  the  downward  light  may  be  expected,  although  other 
effects  such  as  ceiling  reflection  may  tend  to  vary  the  resulting 
light.  In  case  this  relation  is  violated  by  mounting  the  lamps 
either  higher  or  lower  than  called  for  by  rules  which  consider  uni- 
fornity  of  the  downward  light,  the  resulting  illumination  on  the 
working  surface  may  depart  verv  radically  from  a  condition  of 
uniformity.  The  eft'ect  on  the  downward  illumination  caused  by 
variations  in  the  mounting  heights  is  indicated  by  Fig.  i.  The 
lower  curve,  marked  with  a  mounting  height  of  12  feet  6  inches, 
shows  practical  uniformity  of  the  downward  light.  The  remaining 
curves  show  the   effect  on  the  downward  light  as  the  lamps   and 

I  reflectors  are  lowered.  IF. 
^^  then,  uniformity  of  the  down- 
ward light  is  desired,  such 
rules  as  are  indicated  by  tlie 
various  reflector  companies 
for  the  spacing  and  mounting 
of  lamps  for  a  given  reflector, 
should  be  adhered  to. 

With  a  light  ceiling,  the 
reflection  of  that  part  of  ilie 
light  which  passes  through  the 
reflector  to  the  ceiling,  and 
which  is  added  to  the  light 
thrown  downward  from  the 
reflectors,  is  a  factor  in 
building  up  the  intensity  of  the  illumination  on  the  working  surface. 
In  a  case  of  this  kind  uniform  illumination  is  obtained  by  the  use 
of  almost  any  reflector  whether  designed  for  the  purpose  or  not, 
provided  the  lamps  are  fairly  close  together.  In  fact,  tests  indicato 
that  if  lamps  without  any  reflectors  whatever  are  installed  in  a 
room  with  a  light  ceiling,  fairly  uniform  illumination  will  result. 
In  this  case,  however,  the  bad  eft'ect  of  an  unshielded  lamp  will  call 
for  a  reflector  of  some  kind.  It  should  also  be  stated  that  while 
uniform  light  may  result  where  no  reflectors  are  used,  the  inten- 
sity of  this  light  when  measured  on  the  working  plane  may  be 
increased  by  as  much  as  60  percent  by  the  use  of  eflicient  reflectors. 
Tiiis  is  due  to  the  utilization  of  the  horizontal  rays  of  light,  which 
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FIG.  I — CURVES  SHOWING  THE  DEPARTURE 
FROM  UNIFORM  DISTRIBUTION  WHEN 
SPACING  DISTANCE  AND  MOUNTINi; 
HEIGHT    RATIO    IS    VIOLATED 

Twelve  feet,  six  inches  is  about  the 
normal  mounting  height  in  this  case. 
The  values  at  the  right  are  greater  than 
those  on  the  left,  owing  to  reflection 
from  a  white  colunni. 
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predominate  in  the  bare  tungsten  lamp,  whereas  the  most  effective 
light  in  factory  work  will  usually  be  that  which  is  directed  down- 
ward. 

Side  Lighting — In  factory  work  it  will  so  retimes  be  found 
that  the  downward  light,  which  is  usually  given  the  greatest  weight, 
is  not  of  greatest  importance.  It  is  frequently  far  more  desirable 
to  light  the  side  of  a  machine  or  of  a  piece  of  work  than  any  other 
part.  If,  in  making  an  installation  of  tungsten  lamps,  the  layout 
is  made  to  produce  the  niost  efficient  downward  illumination,  it  may 
happen  that  the  side  component  of  the  light  is  so  small  that  the 
sides  of  machines  are  inadequately  lighted. 

Experience  indicates  that  there  are  two  ways  in  which  to  secure 
greater  side  light.  One  of  these  is  to  lower  the  lamps,  the  other  to 
use  broader  distributing  reflectors  than  called  for  by  rules  whicli 
consider  only  the  downward  illumination.  If  it  has  been  determined 
that  a  certain  relleclor  in  an  installation  with  given  spac'ng  and 
mounting  of  the  lam|)s  will  ])roduce  uniform  downward  illumina- 
tion (vn  the  working  surface,  and  if  it  is  later  found  tb.at  more  side 
light  is  necessary,  more  broadly  distriljuting  reflectors  may  be  de- 
cided upon,  but  their  use  is  apt  to  result  in  an  insufficiency  of  down- 
ward light,  that  is,  the  increasing  of  the  side  light  will  decrease 
the  downward  light.  To  bring  up  the  downward  intensity  to  the 
proper  value,  larger  lamps  may  be  substituted,  and  sufficient  side 
light  as  well  as  adequate  downward  light  will  result.  A  series  of 
curves,  which  show  how  the  side  light  is  affected  for  a  given  mount- 
ing height  by  the  use  of  concentrating,  distributing,  and  \er\ 
broadly  distributing  reflectors,  respectively,  is  given  in  Fig.  2.  The 
ordinates  in  these  curves  indicate  the  measured  intensities  of  the 
side  light  on  a  horizcmtal  plane  about  three  feet  above  the  floor. 
It  will  be  noted  that  the  side  light  is  highest  in  each  case  with  the 
broadly  distributing  reflectors,  but  co  vipanion  observations  indicate 
lhat  while  the  side  light  is  greater,  the  downward  light  is  reduced. 
The  three  lower  sets  of  curves  of  Fig.  2  indicate  the  variations 
in  side  light  intensity  with  dift"erent  mounting  heights  of  the  lamps 
and  various  types  of  reflectors.  It  will  be  noted  that  the  side 
light  increases  as  the  lamps  are  lowered.  Fig.  2  also  indicates  the 
variations  of  the  side  light  with  different  mounting  heights  and 
the  same  reflector. 

Glare — One  of  the  most  pernicious  eft'ects  of  the  tungsten  lamp 
is  the  glare  produced  by  its  intensely  bright  filament  when  un- 
shielded from  the  eve.     It  has  been  stated  that  eve  strain  and  eve 
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trouble  were  greatly  increased  when  the  carbon  filament  lamp  was 
introduced.     This  being  true,  a  far  greater  tendency  in  that  direction 


CURVES  SHOWING  INTENSITY  OF  THE  SIDE  LIGHT  FOR  DIFFERENT 
MOpNTlNG  HEIGHTS  AND  THE  S^^ME  REFLECTOR 
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OF  REFLECTORS  AND  DIFFERENT  MOUNTING  HEIGHTS 
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PLAN 

FTC.  2 — DIAGRAM  OF  LAMP  ARRANGEMENT  AND  CURVES  SHOWING  EFFECT  OF  MOUNT- 
ING HEIGHT  OF  LAMP  AND  VARIOUS   TYPES   OF  REFLECTORS   ON  THE   SIDE  LIGHT 

In  these  curves  the  intensity  of  the  side  light  is  indicated  by  the  ordinates. 
One  observation  station  was  directly  under  a  row  of  lamps  in  each  case,  the 
Other  station  being  midway  between  rows. 

A — Broadly  distributing.     B — Distributing.     C — Concentrating. 

is  likely  to  be  felt  as  the  tungsten  lamp  becomes  more  generally 
used,  unless  proper  precautions  are  taken  to  shield  the  lamps  by 
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suitable  shades  or  reflectors.  In 
factory  work  the  points  which  have 
a  large  bearing  on  the  glare  are : 
I — Mounting  height  of  lamp  ;  2 — 
Size  of  lamps ;  3 — Spacing  of 
lamps,  and  4 — Type  of  reflectors 
used. 

As  a  general  rule  it  is  best  to 
mount  all  lamps  well  out  of  the 
range  of  vision.  The  argument  that 
the  lamps  should  be  close  to  the 
work  for  the  purpose  of  gaining 
the  greatest  effectiveness  from  the 
lamps  is  poorly  founded,  since  the 
increase  in  light  by  mounting  them 
low  may  be  more  than  offset  by  the 
evil  effect  on  the  eye  produced  by 
lamps  mounted  in  the  line  of  vision. 

The  size  of  the  lamps  has  much 
to  do  with  glare.  It  has  been  found 
that  where  the  ceiling  is  low  a  small 
lamp  is  not  nearly  so  trying  to  the 
eye  as  a  large  lamp. 

The  spacing  has  a  certain  bearing 
on  the  glare,  since  the  closer  the 
lamps  the  smaller  may  be  their  size 
to  provide  a  given  intensity. 

While  modern  reflectors  have  as 
one  of  their  greatest  claims  the  re- 
sulting increase  in  efficiency,  the 
protection  afforded  in  shielding  the 
bright  tungsten  filament  is  also  a 
very  important  item. 

Very  often  in  factory  construc- 
tion, glare  may  be  much  reduced  by 
mounting  the  lamps  so  that  they  are 
protected  by  some  feature  of  the 
building  construction.  Thus  in  the 
room  shown  in  Fig.  6,  the  girders 
afford  an  excellent  protection   for 
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the  eye,  while  in  that  shown  in  Fig.   lo  the  lamps  are  all  visible 
down  the  aisle  when  a  workman  looks  up  from  his  work. 

A  TVPICAL  FACTORY  LIGHTING   PROBLEM 

As  a  typical  example  of  factory  lighting  in  which  many  appli- 
cations of  the  principles  previously  stated  are  in  evidence,  a  factory 
building  will  be  considered  which  contains  more  than  225  ooo  square 
feet  of  floor  space  and  in  which  over  three  thousand  tungsten  lamps 
have  recently  been  installed.  This  building,  a  plan  of  which  is 
shown  in  Fig.  3,  consists  of  eight  floors,  mostly  devoted  to  the 
manufacture  of  detail  apparatus.  The  walls  are  light  in  color  and 
the  building  has  the  advantage  of  a  light  ceiling.  The  height  from 
lloor  to  ceiling  is  13  feet  6  inches  and  the  building  is  divided  into 


FIG.    4 — TYPICAL    BAY    SHOWINO    ARK AXCEMENT    01"    LAMl'S     IN    A 
I\I  ANUFACTUKI  NC    SPACK 


bays  of  i6  by  70  feet.  The  work  may  be  classified  into  bench  work, 
requiring  in  many  cases  excellent  side  light ;  machining  work,  where 
line  shafting  and  belting  form  an  obstruction  to  the  light ;  assembly 
work,  often  performed  on  the  floor  where  side  light. is  imperative; 
and  a  storage  warehouse,  where  a  low  intensity  is  sufficient.  One 
floor  is  specially  reinforced  by  girders  covered  with  cement,  which 
project  below  the  ceiling  of  the  floor  below,  thus  forming  an  ob- 
struction to  the  wiring.  In  this  case  the  moulding  was  cut  and 
run  so  as  to  follow  these  girders. 

The  ceilings  are  of  wood  and  hence  wooden  moulding  was 
advantageously  used.  Switches  were  placed  on  central  columns,  on 
the  same  side  of  the  aisle  throughout  and  on  the  same  relative  side 
of  each  column  wherever  possible.  In  feeding  the  switches,  iron 
conduit  was  run  down  the  cement  columns  and  iron  outlet  boxes 
served  the  double  purpose  of  supports  for  the  snap  switches  and  of 
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wall  receptacles  as  outlets  for  extension  lines  when  required. 

Lighting  Requirements — The  reciuirements  for  the  lighting  in 
this  huilding  may  be  enumerated  as  follows:  i — Sufficient  general 
light  for  all  ordinary  purposes.  2 — Higher  intensities  in  some 
places  than  others.  3 — Strong  downward  light  in  certain  locations. 
4 — Strong  side  light  in  certain  locations.  5 — Glare  reduced  to 
n^inimum. 

One  of  the  very  trying  conditions  was  that  of  providing  suffi- 
cient light  for  the  classes  of  work  where  varying  intensities  were 
necessary,  and  at  the  same  time  of  making  the  system  universal 
enough  so  that  work  could  be  done  with  equal  ease  at  any  portion  of 
the  floor  space.  This  feature  was  taken  care  of  by  providing  out- 
lets with  standard  spacings  all  over  the  building  except  in  the  ware- 
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FIC.    5 — TVPUAI.    HAY    SHOW  IXC    AKKA  NIKM  KNT   OF    LAMPS    IN    WAREHOUSE 

house  and  storerooms,  and  l)y  varying  the  intensity  where  necessary 
by  a  change  in  the  size  of  la!ii])s.  It  will  be  seen  that  this  is  an 
excellent  feature  of  a  distributed  system  of  lighting,  since  a  change 
in  the  size  of  the  lamps  and  reflectors  in  no  way  changes  the  uni- 
formity or  the  accelptability  of  the  resulting  illumination. 

Experiments  and  Steps  Leading  to  Final  Arrangement — As  a 
first  step  several  bays  on  one  of  the  floors  w^ere  equipped  with  100- 
watt  tungsten  lamps  spaced  8  feet  apart  and  2  feet  6  inches  from 
walls,  the  la  nps  being  mounted  at  the  ceiling.  This  size  of  lamp 
seemed  best  adapted  to  the  ceiling  height,  and  the  size  of  bay  was 
not  only  very  suitable  for  this  spacing  (since  18  lamps  filled  on* 
bay)  but  the  arrangeir.ent  was  symmetrical  with  respect  to  the  bay 
as  well.  The  ratio  of  spacing  distance  to  mounting  height  called 
for  concentrating  reflectors,  which  were  installed  along  with  bowl- 
frosted  lamps.     Several  adjoining  bays  were  equipped  with  lamps 
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of  the  same  size  but  with  varying  types  of  reflectors,  both  glass  and 
metal.  These  trial  bays  were  left  in  service  for  several  months  so 
that  the  opinions  of  all  concerned,  including  the  workmen,  could  be 
obtained,  and  also  for  the  purpose  of  making  tests  and. noting  the 
effect  of  dust  and  dirt  on  each  type  of  reflector.  Six  lamps  were 
controlled  per  switch,  thus  requiring  three  switches  per  bay,  all 
three  switches  being  mounted  on  one  column.  A  trial  was  also 
made  of  several  bays  with  bare  lamps  to  note  whether  the  resulting 
illumination  was  noticeably  less  than  that  with  reflectors.  It  was 
thought  that  the  shielding  effect  of  the  girders  might  serve  as  a 


FIG.    6 MANUFACTURING    SPACE    WHERE     ^^JDE    LIGHT     IS    IMPERAITNE 

Note   the    comparative    absence    of   glare    clue    to   the    shielding 
effect  of  girders.     This  view  was  taken  at  night   on  the  fifth  floor. 

sufticient  protection  for  the  eyes  of  the  workmen  without  the  addi- 
tion of  shades  or  reflectors.  Furthermore,  various  mounting 
heights  and  various  shapes  of  reflectors  were  tried  for  the  purpose 
of  investigating  the  proportionate  relation  of  downward  and  side 
light.  The  same  procedure  was  also  tried  with  other  sizes  of  lamps 
and  reflectors  so  as  to  determine  whether  the  size  nominally  selected 
was  suitable  for  the  purposes. 

Notes  on  the  Final  Arrangement — The  main  results  from  these 
experiments  covering  several  months,  are  as  follows : — 

I — The  loo-watt  lamps  seemed  the  best  average  size,  but  at 
least  two  intensities  were  found  advisable,  one  somewhat  high  for 
detail  and  machine  work,  and  a  lower  intensity  for  general  assembly 
work. 
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2 — Of  the  various  mounting  heights  tried,  it  was  found  very 
desirable  to  mount  the  lanps  as  close  to  the  ceiling  as  possible,  so 
that  glare  was  reduced  to  a  minimum. 

3 — The  general  scheme  of  installing  18  lamps  per  day  seemed 
best. 

4 — The  switching  of  six  lamps  per  circuit,  while  possessing 
some  good  features,  did  not  seem  a  sufficient  sub-division.  At  times 
the  w^ork  directly  next  to  windows  was  sufficiently  lighted  by  day- 
light, while  the  work  under  the  second  row  of  lamps  was  insuffi- 
ciently lighted.  This  led  to  the  conclusion  that  the  lamps  next  to 
the  windows  in  each  bay  should  be  on  one  switch,  and  four  lamps 
per  switch  in  general  seemed  a  better  arrangement  than  six. 


-MAXUFACTURING    -- .  ICALLY    DOWNWARD 

LIGHT    1^    IMl'UKIAM 

This  view  was  taken  at  night  on  the  fifth  floor. 


5 — It  was  found  after  several  months  of  service,  during  which 
time  the  reflectors  Avere  allowed  to  remain  uncleaned,  that  tests  on 
each  of  the  reflectors  before  and  after  cleaning  indicated  about  the 
same  degree  of  reduction  in  efficiency.  It  was  noted,  however,  that 
reflectors  located  near  belting  became  covered  with  dirt  in  very 
much  less  time  than  when  the  lamps  Avere  in  a  clear  open  space. 

6 — ^^'hile  the  ratio  of  spacing  distance  to  mounting  height  of 
the  lamps  called  for  a  concentrating  reflector  for  producing  uniform 
downward  light,  a  distributing  reflector  was  essential  for  the  pur- 
pose of  providing  the  necessary^  side  light.  An  intensity  of  about 
tAvo  foot-candles  on  the  sides  of  machines  seemed  to  be  sufficient. 
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For  the  reasons  previously  stated,  the  sacrifice  in  downward  Hght  so 
as  to  realize  the  required  side  light,  was  made  up  by  the  use  of 
higher  candle-power  lamps  in  certain  portions  of  the  building  than 
originally  contemplated. 

7 — Rowl-frosted  lamps  proved  not  so  desirable  as  clear  lamps, 
due  to  the  more  rapid  efifect  of  dust  and  dirt  on  the  frosting  than  on 
clear  glass.  This  effect  is,  of  course,  particularly  noticeable  in  fac- 
tory work. 

8 — Metal  reflectors  were  far  inferior  to  glass  because  of  the 
fact  that  no  light  passes  through  them.     Glass   reflectors,  on   the 


— l\rAMJFACTURlN(,    SP  \e  1.    V.lll.Kl     111  Mil     WoKK    (    ^ 
BOTH     DOWNWARD    AND    SIDE     LKIHT 

'his  view  was  taken  at  night  on  the  sixth  floor. 


Other  hand,  permit  some  of  the  light  to  pass  through  the  reflectors 
and  to  be  in  turn  reflected  from  the  light  ceiling  and  walls. 

9 — Lamps  without  reflectors  were  debarred  on  account  of  the 
glare  which  resulted  when  a  man  looked  up  from  his  work,  and 
further,  since  62  percent  more  light  on  the  working  surface  was 
produced  by  lamps  equipped  with  reflectors  than  with  lamps  of  the 
same  size  alone,  it  was  considered  a  doubly  good  investment  to  pro- 
vide all  lamps  with  reflectors. 

Some  Comments  on  This  System — This  tungsten  lighting  sys- 
tem has  now  been   in  service  long  enough  to  indicate  that   for   a 
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majority  of  the  work  in  this  building  the  ilhr.iiination  facilities  arc 
unusually  satisfactory.  Experts  have  viewed  this  lighting  arrange- 
ment and  have  expressed  the  opinion  that  this  particular  factory  is 
one  of  the  best  lighted  buildings  in  the  country,  representing  many 
valuable  points  of  recent  illuminating  practice.  While  a  great  many 
individual  lamps  were  used  previous  to  the  new  lighting  system,  and 
while  it  was  thought  by  workers  and  foremen  that  they  would  have 
to  be  left  in  service  notwithstanding  the  new  over-head  lighting  in- 
stallation, nevertheless  practically  all  individual  lamps  were  taken 
out  with  the  understanding  that  they  would  be  put  back  after  sev- 
eral  weeks  if    found  necessary.     Although  the  object  has   been  to 


FIG.     g >[AXfFAc  TURING     SPAC  K     WHl.Kt     1,      V>.,>     ,,,,.-,  is.  >  ,..,i.      ii) 

HAVE   I.TGHT  ON    THE   SIDES   OF    MACHINES 

In   the    foreground   the   lamps   are  lowered   to   clear  belting 
and  shafting.     This  view  was  taken  at  night  on  the  seventh  floor. 


give  a  sufficiency  of  light  to  every  workman,  it  was  found 
that  a  very  much  less  number  of  individual  lamps  were  called  for 
than  were  thought  to  be  necessary  at  first.  Here  and  there  a  drop 
lamp  has  been  installed  to  take  care  of  special  work  requiring  light 
at  an  unusual  angle  or  of  more  than  ordinary  intensity;  but  as  an 
evidence  of  the  acceptability  of  the  light,  it  may  be  stated  that  dur- 
ing the  past  winter  since  the  new  system  has  been  installed,  the  com- 
plaints and  calls  for  changes  in  the  wiring  have  been  negligible  when 
compared  to  the  extreme  number  of  similar  complaints  during  the 
preceding  winter  when  a  system  of  inferior  lighting  was  in  service. 
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This  fact  in  itself  is  an  unquestionable  recommendation  of  the  new 
lighting  system. 

One  point  of  interest  in  connection  with  this  lighting  installa- 
tion is  that  the  final  arrangement  was  the  outcome  of  experience 
rather  than  predetermination.  Months  of  careful  investigation  and 
trial  were  made  of  the  various  schemes  as  indicated  in  the  preceding 
notes  and  the  completed  work  was  decided  upon  on  a  basis  not  only 
of  these  tests,  but  also  on  the  opinions  of  those  who  were  to  work 
under  the  lighting.  Theory  and  formula  give  a  general  basis,  but 
often  fail  to  take  account  of  certain  practical  conditions.     For    ex- 


FIG.    10 — MAiSUFACTURING   SPACE   WHERE  BOTH    SIDE   AND  DOWNWARD 
LIGHT   ARE   NECESSARY 

Note  the  effect  of  having  lamps  below  the  girders.  These 
lamps  were  installed  so  as  to  hang  at  the  same  level  as  lamps  in 
the  side  bays  and,  due  to  ceiling  construction,  were  unprotected 
by  the  girders.  Compare  with  Fig.  6.  This  view  was  taken  at 
night  on  the  eighth  floor. 


ample,  the  reflection  from  ceilings  and  walls ;  the  need  for  side-light 
as  distinguished  from  vertically  downward  light ;  the  color  of  the 
machinery  or  materials ;  the  need  for  numerous  lamps  to  prevent 
shadows,  and  the  allowance  to  be  made  for  dust  and  dirt  on  lamps 
and  reflectors,  are  points  which  show  why  many  things  must  be  con- 
sidered, aside  from  the  mere  area  to  be  lighted,  if  satisfactory  re- 
sults are  to  be  assured. 


DIRECT  TRACTION  ELECTRIC  ELEVATORS 

IN  THE  OLIVER  BUILDING,  PITTSBURG 

F.  HYMANS 

SINCE  the  completion  of  the  new  Ohver  Building  there  are 
three  elevator  installations  of  the  so-called  direct  traction 
type  in  the  city  of  Pittsburg,  the  two  others  being  in  the 
Keenan  and  Highland  Buildings.  These  installations  are  similar 
in  design,  lifting  capacity  and  speed  to  those  installed  in  the  Singer 
and  Metropolitan  towers  in  New  York  City.  The  Oliver  Building, 
shown  in  Fig.  i,  occupies  the  entire  frontage  on  Smithfield  Street 
from  Sixth  Avenue  to  Oliver  Avenue,  with  a  depth  of  120  feet  on 
Oliver  Avenue  and  no  feet  on  Sixth  Avenue.  It  is  twenty-five 
stories  high  above  the  street  level  in  addition  to  the  basement  and  a 
sub-basement,  and  is  the  largest  and  highest  office  building  between 
New  York  City  and  Chicago.  The  building  contains  i  160  offices 
above  the  ground  floor,  which  is  devoted  to  banks,  railroad  offices, 
etc.    A  typical  floor  plan  of  one  of  the  office  floors  is  given  in  Fig.  2. 

The  elevator  installation  consists  of  fifteen  elevators  in  two 
banks  of  seven  passenger  elevators  each,  and  one  freight  elevator, 
all  being  of  the  traction  type.  One  group  of  passenger  elevators  is 
designed  for  travel  from  the  first  to  the  sixteenth  floor,  a  dis- 
tance of  210  feet,  and  the  other  group  from  the  first  to  the  twenty- 
fifth  floor,  a  distance  of  325  feet,  making  no  stops  for  the  first  four- 
teen floors.  They  have  a  maximum  lifting  capacity  of  2500 
pounds  and  a  speed  of  550  to  600  feet  per  minute.  Approximately 
30  000  people  are  carried  per  day,  while  on  rush  occasions  over  900 
people  can  be  carried  each  way  in  ten  minutes.  The  express  eleva- 
tors average  270  round  trips  per  day  and  the  locals  220  round  trips 
per  day.  Naturally  the  dispatching  of  the  elevators  is  an  item  of 
considerable  importance.  From  the  dispatcher's  board,  shown  in 
Fig.  3,  the  dispatcher  has  full  supervision  over  all  the  cars  by 
means  of  push  buttons  and  buzzer  signals.  The  operators  also  re- 
ceive lamp  signals  operated  by  the  push  buttons  on  the  various 
floors,  and  lamps  in  the  halls  on  the  various  floors  indicate  to  the 
waiting  passenger  which  elevator  will  be  the  first  to  stop  at  that 
floor. 

In  addition  to  the  usual  mechanical  position  indicators  over 
the  car  doors,  there  is  an  electric  position  indicator  mounted  in  the 
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wall  opposite  the  dispatcher's  station,  from  which  the  dispatcher  can 
see  at  a  glance  the  exact  location  of  each  elevator.  This  indicator  is  of 
the  same  type  as  tlie  one  installed  in  the  Singer  Building,  in  New 
York  City.  It  consists  of  a  nuniher  of  vertical  rows  of  miniature 
lamps,  one  row  for  each  elevator.     The  nuinher  of  lamps  in  each  of 

these  rows  is  the 
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FIG.    I — EXTERIOR    OF   OLIVER   BUILDING,    PITTSBURG 


s  a  m  e  as  the 
nnmher  of  floors 
its  respective  el- 
e  V  a  t  or  serves, 
and  the  corre- 
sponding lamps 
light  as  the  ele- 
vator passes  the 
various  floors. 
For  instance,  as 
an  elevator  in  its 
upward  move- 
n^ent  arrives  at 
the  second 
floor,  the  second 
lamp  in  the  cor- 
responding row 
of  indications  is 
lighted.  A  s  i  t 
reaches  the 
third  floor,  the 
third  lamp  lights 
and  the  second 
lamp  is  extin- 
guished. T  h  c 
mechanism  for 
operating  the  in- 
dicator consists 
of     flat     contac- 


tors for  each  elevator,  each  contactor  being  divided  into  seg  nents 
corresponding  to  the  floors  in  the  building  and  having  brushes  travel- 
ing over  the  segments,  the  brush  moving  in  direct  relation  to  the 
movement  of  the  elevator  in  the  hatchway.  That  is  to  say,  when 
elevator  No.  i  is  at  the  fourth  floor  the  brushes  on  contactor  Nq.  \ 
make  contact  with  the  fourth  segments, 
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In  addition  to  the  buzzer  system  by  which  all  ordinary  signals 
are  transmitted  to  the  operators,  a  telephone  is  installed  in  each  car 
just  above  the  master  switch  as  shown  in  Fig.  4,  communicating 
with  the  dispatcher's  station  and  with  the  machine  rooms,  w^here 
an  electrician  is  in  attendance.  Any  unusual  orders  may  thus  be 
promptly  transmitted  to  the  operators,  and  any  mterruption  to  the 
service  can  be  speedily  adjusted. 

Realizing  the  importance  of  safety  and  efficiency  in  elevator 
service,  no  expense  has  been  saved  by  the  management  of  the 
Oliver  Building  to  secure  this  end.  Each  of  the  hatchway  doors  is 
provided  with  contacts,  which  n-iake  it  necessary  to  have  the  doors 


•IC.    2 — TYPICAL    FLOOR   PLAX,   OLIVER   BUILDING 


closed  liefore  the  elevai(^r  can  be  started,  or  in  case  a  door  should 
open  accidentally  the  n  ain  switch  will  open  and  stop  the  elevator. 
Emergency  gates  are  concealed  in  each  side  of  the  cars,  which  pro- 
vide ample  space  for  transferring  passengers  to  cars  in  the  adjoin- 
ing hatchways  if  necessary.  Devices  are  provided  which  absolutely 
prevent  overtravel  of  the  car  at  either  end  of  its  trip,  regardless  of 
the  position  of  the  master-switch.  Excessive  speed  of  the  driving 
mechanism  is  prevented  by  a  governor  which  limits  the  motor 
speed  and,  in  case  the  motor  cannot  check  the  over  speed,  as,  for 
instance,  if  the  cables  break,  the  same  governor  will  operate  the 
car  safety  device  which  grips  the  guide  rails,  and  thus  holds  the 
car  securelv. 
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THE   ELEVATOR    MECHANISM 

Prior  to  1904  elevators  installed  in  high  buildings  were  of  the 
hydraulic  type,  or  if  electric,  of  the  drum  type  with  a  relatively  high 
speed  motor  in  combination  with  a  worm-wheel  driving  mechanism. 
Their  limitations  as  to  speed  and  height  of  travel  were  plainly  evi- 
dent and  it  was  on  this  account  that  the  Otis  Elevator  Company 

began  the  experiments 
and  studies  that  led  to 
the  adoption  of  the  di- 
rect traction  electric  ele- 
vator. 

The  problem  that  pre- 
sented itself  was  as  fol- 
lows : — ■ 

I — The  new  machine 
must  be  safe. 

2 — It  should  be  capa- 
ble of  high  speeds  and 
extreme  heights   of 
travel. 
3 — It  should  have,  if 
possible,     a     high     effi- 
ciency. 

4 — It  must  be  noise- 
less and  devoid  of  vibra- 
tions in  its  operation. 

5 — It  should  equal  the 
hydraulic  elevator  as  to 
speed  control. 

6 — It  must  permit  the 
making  of  smooth  and 
easy  stops  with  a  stop- 
ping distance  short  enough  to  permit  the  operator  to  gauge  his  land- 
ing accurately. 

The  mechanical  requirements  i  io  4  were  found  to  be  embod- 
ied in  the  traction  drive  principle  as  shown  in  Fig.  5.  In  the  direct 
traction  drive  the  cable  from  the  car  passes  up  to  the  driving  sheave 
directly  over  the  hatchway,  thence  around  an  idle  sheave  and  again 
over  the  driving  sheave  to  the  counterweight,  thereby  securing  ap- 
proximately two  half  wraps  over  the  driving  sheave,  which  is  all 


3 — DESPATCH  ERS     POSITION, 
SWITCHBOARD* 


''Figs.  I,  3  and  4  are  reproduced  through  courtesy  of  the  Telephone  Nezvs. 
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the  adhesion  necessary  for  ordinary  elevator  service.  For  extra 
heavy  duties  the  number  of  wraps  may  be  increased.  The  motion 
of  the  elevator  car  is  thus  dependent  on  the  adhesion  of  the  cables 
to  the  driving  sheave  due  to  the  combined  weights  of  the  car,  live 
load  and  counterweight,  and  it  is  evident  that  the  friction  is 
largely  relieved  when  the  car  or  counterweight  lands  solidly,  whence 
motion  of  the  car  and  counterweight  stops  even  though  the  driving 

sheave  may  keep  on  re- 
volving. This  arrange- 
ment provides  a  simple 
m  cans  of  preventing 
over-travel  even  in  case 
of  total  failure  of  the 
automatic  stopping  de- 
vices at  the  terminals  of 
the  car  travel,  and  con- 
stitutes a  valuable  safety 
feature  possessed  only 
by  some  types  of  hy- 
draulic elevators.  The 
means  employed  for 
:iI)Solutely  stopping  the 
cars  or  counterweights 
consist  of  buffers  placed 
in  the  path  of  the  car 
and  counterweight  trav- 
el. If  the  car  travels  past 
tlie  top  landing  the 
buffer  attached  to  t  h  e 
counterweight  strikes  the 
bottom  of  the  hatchway 
and  releases  the  cable 
tension.  If  the  car  travels  past  the  bottom  landing  it  engages  an  oil 
buffer  which,  as  shown  in  Fig.  6,  is  made  up  in  addition  to  a  spring 
at  the  top,  of  a  piston  acting  in  a  cylinder.  When  the  weight  of  the 
car  comes  on  this  piston  it  is  forced  down  and  in  so  doing  forces  oil 
from  the  cylinder  through  openings  arranged  in  such  a  manner  as 


FIG.    4— OPEKAKikS    POSITION,    SHOWING    USE    OF 
TELEPHONE    IN    CAR 
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to  give  a  gradual  retardation  without  shock  within  the  distance  of 
the  buffer  stroke  of  35  inches. 

It  is  evident  from  Fig.  5  that  the  speed  of  the  car  is  identical 
with  the  circumferential  speed  of  the  driving  sheave.  A  car  speed 
of  600  feet  per  minute  would  therefore  require  only  64  r.p.m.  of 
the  driving  shaft,  with  a  36  inch  sheave.  The  consideration  of  the 
requirements  2,  5  and  6  lead  to  the  exclusion  of  gears  between 
driving  shaft  and  motor  notwithstanding  the  necessity  of  construct- 
ing a  motor  having  such  an  extremely  slow  speed 
and  the  dilificulties  of  its  control.  The  type  of 
machine  used  in  the  Oliver  Building  is  shown  in 
Fig.  7.  It  will  be  seen  that  it  consists  of  a  bed 
plate  supporting  the  motor  frame  and  bearings, 
an  armature  with  extended  shaft  carrying  the 
driving  sheave  and  brake  pulley  and  of  supports 
for  the  brake  magnet.  jMechanically  it  is  of  tha 
simplest  and  most  efficient  construction,  oft'ering 
no  unusual  problems,  except  those  of  an  elec- 
trical nature.  The  motor  is  a  straight  six-pole, 
shunt-wound  machine,  with  cast  steel  frame. 
Although  it  is  rated  at  35  horse-power  it  is  of 
large  proportions  owing  to  the  slow  speed,  the 
fields  and  frame,  for  instance,  weighing  about 
13000  pounds  and  the  armature  w^th  extended 
shaft,  driving  sheave  and  brake  pulley  weighing 
8  000  pounds.  The  commutator  is  18  inches  in  di- 
aineter,  with  4.5  inch  face,  and  has  254  bars.  The 
large  number  of  turns  and  the  length  of  the  cir- 
cuits in  a  motor  of  this  type  is,  of  course,  re- 
s])onsible  for  a  relatively  large  armature  resistance  which  is  the 
cause  of  some  variation  in  speed  depending  on  the  load  in  the  car. 
The  speed  of  the  elevators  when  lifting  the  maximum  load 
is  550  feet  per  minute  and  when  the  live  load  is  such  that  the 
weight  of  the  car  plus  the  load  balances  the  counterweight,  the 
speed  is  approximately  600  feet  per  minute.  A  governing  device 
is  provided  limiting  the  highest  attainable  speed  when  there  is  a 
load  driving  the  motor  to  about  700  feet  per  minute.  A  general 
view  of  one  of  the  motor  and  control  rooms  is  shown  in  Fig.  8. 
A  detail  view,  showing  motor,  brake,  switch  board,  etc.,  is  given 
in  Fig.  9. 
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The  difficulty  in  high  speed  elevator  service  is  not  to  attain 
the  high  speed  hut  to  arrange  the  control  so  that  the  stopping  dis- 
tances for  all  loads  are  as  nearly  constant  as  possible  and  such  that 
the  operator  may  gauge  his  landings  accurately.  This  requirement 
also  demands  a  wide  range  of  speed  control.  Overrunning  of  the 
landing  causes  not  only  a  loss  of  time  but  also  a  loss  of  energy, 
as  in  returning  the  elevator  to  the  landing  the  motor  takes  full 
starting  current  and  unnecessary  work  is  done  at  high  expense. 
On  this  account  the  s^jeed  control  is  arranged  in  several  steps,  the 

ratio  between  the  highest  and  low- 
est speed  being  about  10:1.  With 
the  motor  having  already  a  very 
low  maximum  speed  it  would  be 
commercially  impossible  to  obtain 
this  range  of  speed  by  field  control 
only  and,  sacrificing  efficiency  to 
necessity,  the  motor  is  provided 
with  one  speed  reduction  through 
tlcld  control  in  the  ratio  to  the  max- 
imum speed  of  about  2:1,  all  of  the 
other  speeds  being  attained  by  the 
use  of  resistances  both  in  series  and 
in  parallel  with  the  armature.  The 
slow  speed  armature  is  particularly 
suited  to  speed  control  as  its  rela- 
tively low  inertia  causes  it  to  re- 
spond to  the  controller  quickly  and 
without  perceptible  jar.  The  resist- 
ance in  parallel  with  the  armature 
has  the  additional  advantage  of 
giving  a  dynamic  brake  action  in 
stopping.  The  magnetic  proportions  of  the  motor  fields  are  such 
that  their  self-induction  is  the  cause  of  a  time  lag  between  the  mak- 
ing of  the  field  circuit  and  the  establishment  of  its  full  sterngth.  As 
this  would  seriously  interfere  with  the  prompt  starting  of  the 
machine  the  fields  are  permanently  in  circuit  but  with  a  resistance  in 
series  while  the  machine  is  at  rest  or  at  full  speed,  which  reduces 
the  current  to  three  amperes  at  220  volts. 

An  important  part  of  elevator  machines  of  this  type  is  the 
brake  a?  the  very  small  mechanical  friction  of  the  machinery  makes 
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it  necessary  to  rely  on  the  brake  entirely  to  hold  the  car  at  the 
landing.  The  brake  is  essentially  a  holding  brake,  that  is  the  shoes 
are  not  applied  until  the  machine  has  practically  been  brought  to 
rest  by  dynamic  braking  and  presents  as  such  an  interesting  devel- 
opment. It  would  be  undesirable  to  stop  high  speed  elevator  ma- 
chinery of  this  kind  by  mechanical  braking,  on  account  of  the  large 
variation  of  the  stopping  distances  that  would  result  if  a  fixed  brake 
pressure  were  applied  to  stop  elevators  having  constantly  changing 
loads.     xA-lso  the  wear  on  such  a  brake  would  necessitate  continued 


FIG.   7 — SLOW    SPEED  OTIS    ELEVATOR    .MOTOR   AND   BRAKE 


adjustments.  The  brake  is  held  on  by  springs  and  released  by  a 
brake  magnet  which  is  provided  with  a  shunt  winding  of  such  pro- 
portions that  its  self-induction  causes  an  appreciable  lag  of  time 
between  the  closing  of  its  circuit  and  the  release  of  the  brake  shoes. 
Thus  while  the  armature  and  brake  circuits  are  closed  practically 
at  the  same  time,  sufficient  time  elapses  to  build  up  the  full  motor' 
torque  before  the  brake  releases.  When  the  current  is  shut  off, 
there  is  again  sufficient  lag  to  permit  the  motor  to  come  practically 
to  a  stop  by  dynamic  brake  action  before  the  brake  sets.  Together 
with  the  advantage  of  stopping  almost  entirely  by  dynamic  braking 


DIRECT  TRACTION  ELECTRIC  ELEVATORS       517 

is  the  fact  that  the  wear  on  the  brake  shoes  is   a  minimum  and 
when  once  set,  the  brake  rarely  requires  further  adjustment. 

DIAGRAM   OF   CONNECTIONS 

A  schematic  diagram  of  the  connections  for  controlling  the 
operations  of  these  elevators  is  given  in  Fig.  11.  The  field  con- 
nections are  from  the  +  main,  through  8,  resistance  R,  magnet  H, 
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the  motor  shunt  field  and  point  10  on  the  —  main.  The  series  starting 
resistance  is  in  two  parts,  one  operated  automatically  by  the  accel- 
erating magnets  and  the  other  controlled  by  the  master  switch. 
Hatchway  switches  shown  at  the  left  in  the  diagram  at  a,  b,  c,  d,  e, 
and  /,  g,  h,  k,  I,  are  placed  one  group  at  the  bottom  and  the  other 
at  the  top  of  the  shaft.  Fig.  10  shows  a  photograph  of  such  a 
switch.  They  are  operated  by  a  long  cam  placed  on  the  car,  which 
strikes  the  switch  rollers  and  thus  opens  their  contacts  and  brings 
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the  car  to  rest  automatically  at  the  terminals  of  the  car  travel,  even 
though  the  operator  retains  the  master  switch  in  the  running  posi- 
tion. 

The  several  magnets  on  the  control  board  and  their  purpose 
are  as  follows  : — 

The  Main  Line  Sivitch,  A,  carries  the  current  for  all  parts  of 
the  elevator  mechanism  except  the  motor  field.  Its  exciting  coil  is 
energized  by  a  circuit  from  the  +  main,  through  8,  secondary 
fuse,  contacts  i6i  and  162  of  magnet  H,  switch  ;/,  switch  m,  con- 
tacts 70 •?  and  1 0-1  of  a  governor  driven  by  the  car,  the  upper  con- 


Fli;.    9 — VIEW    OF    MOTOR,    SWITCHBOARD,    POSITION     INDICATOR     MECHANISM,     ETC. 

Control  board  lettered  to  correspond  with  wiring  diagram.  Contactor 
for  position  indicator  shown  in  center  of  illustration  in  front  of  motor. 
Travel  indicator  shown  in  background  at  left.  Contacts  numbered  202  and 
203  in  the  wiring  diagram,  are  at  the  top  of  the  brake  magnet, 
tacts  of  hatchway  switch  /,  lower  contacts  of  hatchway  switch  e, 
coil  of  switch  A,  upper  contacts  of  hatchway  switch  e,  lower  con- 
tacts of  hatchway  switch  1,  106,  lO/,  and  out  to  the  -  terminal.  It 
will  thus  be  seen  that  the  circuit  through  the  coil  of  the  main  line 
switch  A  is  broken,  the  switch  dropped  and  the  feed  wares  to  the 
motor  interrupted  wdien  any  of  the  following  contacts  are  sepa- 
rated : — 

I — Contacts  161  and  162  of  switch  H — The  coil  of  this  swtich 
is  in  series  with  the  shunt  field  current.  On  failure  of  this  supply 
from  whatever  cause  the  motor  stops. 
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2 — Contacts  of  switch  // — This  switch  is  a  safety  device  placed 
close  (o  the  master  switch.  In  case  of  emergency  the  elevator  op- 
erator may  open  it  and  thus  open  the  main  switch  A. 

3 — Contacts  of  switch  m — This  switch  is  placed  on  the  hottom 
of  the  car  and  operated  by  the  car  safety,  a  device  which  locks  the 
elevator  car  to  the  guides  in  case  of  excessive  speed  through  break- 
age of  cables  or  any  other  cause.  This  safety  device  is  in  turn  con- 
trolled by  the  governor,  which  is  driven  by  an  endless  rope  attached 
to  the  elevator  car.  If,  therefore,  the  car  attains  a  speed  (about 
750  feet  per  minute),  sufficiently  high  to  cause  the  car  safety  to 
act,  the  contacts  of  switch  M  are  interrupted  thus  stopping  the 
motor. 

4 — Goz-cnior  contacts — The  governor  has  two  fixed  contacts, 
loi  and  /oj,  and  two  moveable  contacts, 
roj  and  104.  When  the  car  speed  in- 
creases above  normal,  first  contacts  10 r 
and  102  close,  thus  short-circuiting  part 
of  the  shunt  field  resistance  and  thereby 
slowing  down  the  machine.  If  the  speed 
keeps  on  increasing,  contacts  /o?  and  104 
Ijreak  the  circuit  through  the  coil  of  the 
main  line  switch  and  stop  the  ma- 
chine. 

5 — The  contacts  of  hate  h  w  a  y 
switches  /  and  c.  operated  by  a  cam  at- 
tached to  the  car,  positively  limit  the 
travel  of  the  car  up  and  down.  Cnder 
normal  conditions  the  elevator  will  auto- 
iratically  come  to  a  stop  when  the 
cam  on  the  car  opens  switch  k  at  the 
If,  however,  for  some  reason  motion  con- 
tinues, the  opening  of  the  contacts  of  switches  /  or  e  will  open  the 
main  switch  A  and  at  the  same  time  contacts  ij,  16,  //,  18  \w\\\  be 
closed,  causing  a  very  strong  dynamic  breaking  effect  by  short- 
circuiting  the  armature  through  dfj  to  66  of  the  Armature  Shunt 
Resistance. 

Reversing  Switches  B  and  C — Each  of  the  switches  B  and  C 
has  two  coils,  the  lower  one  a  shunt  coil  and  the  upper  a  coil  in 
series  with  the  armature.  These  coils  work  in  opposition  to  each 
other  having,  however,  separate  paths  for  the  two  magnetic  fluxes. 
Thus  when  the  shunt  coil  of  B  is  energized  B  closes  top  contacts  21, 
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22,  2^,  2^  and  opens  bottom  contacts  25,  26,  2^,  28,  and  the  course 
of  the  current  will  be  from  8  on  the  +  terminal,  down  to  contacts 
II  and  12  of  the  main  line  switch,  iq  and  20  contacts  21,  22,  2^,  24, 
of  switch  B,  contacts  55  and  jd  of  switch  C,  2Q,  series  coils  of 
switches  B  and  C,  30,  60,  61,  armature,  62,  6j,  64,  40,  yi,  Part  2 
of  Series  Starting  Resistance,  /j,  contacts  38  and  j/  of  switch  C, 
SP,  80,  81,  Part  I  of  Series  Starting  Resistance,  8"/,  contacts  JJ 
and  14  of  main  line  switch  to  —  terminal.  At  the  same  time  a  cir- 
cuit parallel  with  the  armature  is  made,  branching  off  at  60,  to  por- 
tion between  6j  and  (5/  of  Armature  Shunt  Resistance,  contacts  52, 
51,  53,  55,  57,  of  switches  G,  F,  E,  D,  64  and  back  to  armature.  It  will 
be  seen  that  when  switch  B  operates,  the  current  passes  through 
the  top  contacts  of  switch  B  and  the  bottom  contacts  of  switch  C. 

The  effect  of  the  series  coils  on  these  switches  is  as  follows : — 
Suppose  the  shunt  coil  of  B  to  have  been  energized  and  as  a  conse- 
quence its  top  contacts  made  and  its  lower  contacts  opened.  On 
account  of  the  motion  of  the  magnet  plunger  to  its  extreme  position 
under  the  influence  of  the  shunt  coil  the  energizing  of  its  series  coil, 
which  occurs  a  little  later,  following  the  closing  of  the  contacts,  has 
little  effect  in  opposing  the  first  named.  However,  as  switch  C 
remains  in  the  off  position  without  excitation  in  its  shunt  coil  its 
plunger  remains  in  such  a  position  that  the  flux  generated  by  its 
series  coil  has  maximum  effect  tending  to  press  contacts  55  and 
36,  and  57  and  38  strongly  together  for  good  contact.  When  the 
elevator  is  stopped  the  current  through  the  shunt  coil  of  B  is  in- 
terrupted, but  the  current  through  its  series  coil  is  not  broken  until 
a  moment  later  when  the  top  contacts  break.  While  thus  the  effort 
of  the  shunt  coil  ceases,  the  effort  of  the  series  coil-  assists  the 
weight  of  the  switch  armature  to  return  the  switch  to  its  off  posi- 
tion, thereby  securing  a  quick  break  of  the  top  contacts.  For  the 
reason  that  the  top  contacts  of  the  reversing  switches  B  and  C 
make  and  break  the  main  current  they  are  arranged  two  in  parallel. 

The  reversing  switches  also  control  the  brake  which  is  kept 
normally  on  by  springs.  When,  for  instance,  B  operates,  contacts 
121,  122,  123,  make  and  12$,  126,  12^  break.  The  current  goes 
from  the  +  terminal,  contacts  //,  12  and  112,  iii  on  switch  A, 
contacts  121,  122,  123  of  reversing  switch  B,  200,  201, 
contacts  202  and  203  of  a  switch  mechanically  operated 
by  the  brake  magnet,  204,  brake  coil,  20j,  20/,  210,  con- 
tacts    113,     114,     of     the     main     line     switch     to     the  —  ter- 
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minal.  As  a  consequence  the  brake  releases  and  in  doing  so 
breaks  contacts  20J  and  po^?,  which  connects  resistance  R^,  in  series 
with  the  brake  coil,  thus  reducing  the  current  in  the  coil  and  pre- 
venting overheating.  At  the  same  time  R.^  remains  in  parallel  with 
the  brake  coil,  ^^'hen  switch  5  drops  out,  the  current  through  the 
brake  coil  is  interrupted  but  a  self-induced  current  is  maintained 
over  resistance  R.,  with  the  tendency  to  retain  the  brake  released. 
When  finally  switch  B  returns  to  its  off  position  contacts  I2j,  126 
and  I2y  make  again  and  parallel  R..  over  206,  resistance  R^,  201, 
resistance  R.  contacts  12^,  126,  12/,  contacts  755,  Jj(5,  ij/,  to  20Q 
and  20/,  with  the  effect  of  maintaining  the  current  through  the  coil. 
The  current  cjuickly  weakens  to  the  point  where  the  brake  plungers 
separate  and  allow  the  brake  to  set,  but  shortly  before  this  takes 
place  contacts  202,  20^  close  again,  thus  cutting  out  resistance  /?i. 
This  practically  short-circuits  the  brake  coil  as  resistance  R.  is  very 
small.  The  result  is  a  maintenance  of  the  induced  currents  in  the 
brake  coil,  which  exercises  a  retarding  eft'ect  on  the  moving  magnet 
cores,  so  that  the  brake  shoes  gently  grip  the  l^rake  pulley  without 
shock.  By  means  of  the  resistance  R.,  and  R.,,the  time  lag  between 
the  interruption  of  the  brake  coil  current  and  the  setting  of  the 
brake  may  be  regulated  within  limits. 

Switch  C  is  identical  with  switch  B  except  that  B  controls  the 
down  m.otion  of  the  car,  while  C  controls  the  up  motion. 

Speed  Switches  D,  E,  E,  G — These  switches  are  controlled  by 
the  master  switch.  vSwitch  G  is  designed  to  operate  first,  closing 
contacts  41  and  42,  cutting  out  portion  7/  to  ^2  of  Part  2  of  Series 
Starting  Resistance,  and  breaking  contacts  57  and  5.'.  thereby  in- 
serting i)ortion  6y  to  68  of  the  Armature  Sliunt  Resistance  in  the 
circuit  across  the  armature.  G  also  operates  the  secondary  contacts 
7-//  and  142,  which  are  part  of  the  circuit  of  the  coil  of  switch  E, 
so  that  E  cannot  be  energized  unless  switch  G  has  closed.  When 
E  operates,  the  closure  of  contacts  4^  and  44  short-circuits  all  of  Part 
2  of  Series  Starting  Resistance  and  the  opening  of  contacts  5J  and 
54  inserts  portion  68  to  <5p  of  the  Armature  Shunt  Resistance.  The 
closure  of  its  secondary  contacts  143  and  144,  which  are  part  of  the 
energizing  circuit  of  switch  E,  permits  the  operation  of  this  switch 
only  when  E  has  closed,  except  under  certain  special  conditions 
which  are  discussed  later. 

The  closing  of  contacts  75  and  46,  through  the  operation  of 
switch  E,  has  no  further  eft'ect,  these  contacts  being  in  parallel  with 
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.JS  and  44  respectively.  The  opening  of  jf,  and  56  inserts  additional 
resistance  in  the  armature  shunt  circuit.  The  right  hand  set  of 
secondary  contacts  /_/5  cvnd  146  of  switch  £  are  to  prevent  the  ener- 
gizing of  D  unless  E  has  operated.  The  purpose  of  the  left  hand  sec- 
ondary contacts  if,o  and  75/  is  indicated  in  a  later  description  of 
magnet  /. 

The  operation  of  D  breaks  contacts  5/  and  58,  thereby  opening 
the  armature  shunt  resistance.  It  also  closes  contacts  4/  and  48 
thus  closing  the  circuit  of  the  Accelerating  Magnet  M,  while  the 
secondary  contacts  /.//,  148  allow  the  insertion  of  resistance  into 
the  shunt  field  circuit  by  the  master  controller. 

Fast  and  Sloiv  Speed  Switch  L  is  energized  simultaneously 
with  the  making  of  the  main  current,  receiving  current  from  con- 
tacts 22,  24  or  5-',  ^4  via  180,  18^,  coil  L,  210,  113,  114  and  out  to 
the  —  terminal.  x\s  a  consecjuence  contacts  i6j,  168,  i6()  make, 
thus  short-circuiting  the  shunt  field  resistance  R  and  permitting 
the  motor  to  start  up  with  maximum  strength  of  shunt  field. 

Accelerating  Magnet  M  automatically  controls  Part  1  of  Series 
Starting  Resistance  and  comprises  five  switches,  each  having  its 
own  magnetic  circuit  but  all  energized  by  a  single  coil.  This  coil 
is  energized  when  switch  D  closes  contacts  4/  and  48,  receiving  cur- 
rent from  180,  which  connects  with  the  upper  moving  contacts  of 
the  reversing  switches,  Accelerating  Magnet  M,  contacts  48  and  4J 
of  switch  D,  and  point  cVj  of  Part  i  of  Series  Starting  Resistance. 
It  is,  as  nay  be  seen,  in  parallel  with  the  armature,  and  subject  to 
its  counter  e.m.f.  The  switches  are  adjusted  so  that  at  a  certain 
counter  e.m.f.,  /  operates  and  as  the  motor  accelerates  //_,  ///,  IV, 
and  [',  each  successively  cut  out  a  step  of  Part  i  of  Series  Starting 
Resistance.  On  the  operation  of  ['  all  of  the  starting  resistance 
is  cut  out.  At  the  same  tin:e  the  secondary  contacts  18^  and  186 
are  made,  which  permits  the  short-circuiting  of  coil  L,  in  as  much 
as  the  current,  which  originally  passed  through  coil  L,  will  be  di- 
verted to  go  from  7cS'5  to  186,  contacts  148  and  14/  of  switch  D, 
contact  7  of  the  i\f aster  Switch  and  out  to  the  —  terminal  in  case 
the  switch  is  in  either  of  its  extreme  positions.  With  these  condi- 
tions the  machine  runs  at  maximum  speed.  The  Accelerating  Mag- 
net M  cannot  be  energized  unless   switch  D   has  operated.     This 
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safety  feature  prevents  the  cutting  out  of  all  the  series  resistance, 
i.  e.,  placing  the  motor  directly  across  the  line,  before  the  armature 
shunt  resistance  is  opened. 

Load  Sivitch  I  is  in  parallel  with  the  armature,  being  connected 
to  the  armature  wires  at  30  and  dj.  It  is,  therefore,  also  subject  to 
the  motor  counter  e.m.f .  and  will  consequently  not  separate  its  con- 
tacts Jdj  and  164  unless  the  motor  has  attained  a  certain  speed. 
Also,  if  the  motor  speed  drops  below  a  fixed  minimum  the  switch 
will  drop  out,  making  contacts  idj  and  164  again.  The  functions 
of  this  switch  will  be  explained  later. 

Safety  Szuitches  H  and  K — Switch  H  is  in  series  with  the 
shunt  field  and  as  explained  previously,  it  will  break  its  contacts 
161  and  162  in  case  of  failure  of  the  shunt  field  current.  The  break- 
ing of  contacts  161  and  162,  results  in  the  dropping  of  the  main  line 
switch  and  stopping  the  machine. 

Switch  K  is  connected  directly  across  the  line.  In  case  of  ex- 
cessive potential  (20  percent  above  normal)  it  operates,  making  con- 
tacts 1(55  ^^^  ^^^»  thus  short-circuiting  magnet  H.  The  latter  con- 
sequently drops,  breaking  contacts  161  and  162  and  stopping  the 
machine  in  the  manner  above  described. 

With  the  functions  of  the  several  magnets  as  explained  above, 
the  operation  of  the  elevator  by  means  of  the  master  switch  is  now 
as  follows : — Contact  i  of  the  Master  Switch  is  connected  to  the  — • 
side  of  the  line,  via  the  right  hand  contacts  of  emergency  switch  ;/, 
210,  contacts  //j,  114  of  the  main  line  switch  A  and  since  by  mov- 
ing the  master  switch  handle,  for  instance,  in  the  direction  of  the 
Dozvn  arrow  contacts  2,  j,  4,  5,  6,  7  at  the  right  are  successively 
connected  with  7,  through  segment  0,  the  currents  may  be  traced 
from  these  contacts  to  the  +  side  of  the  line.  Thus  when  contact 
o  engages  point  2,  the  path  of  the  current  will  be  J,  2,  lower  con- 
tacts of  hatchway  switch  d,  shunt  coil  of  reversing  switch  B,  back 
to  upper  contacts  of  hatchway  switch  d,  thence  to  1^4  and  contact 
21  of  reversing  switch  B  which  is  connected  with  the  -f-  side  of  the 
line.  This  energizes  the  coil  of  switch  B,  which  in  operating  makes 
the  motor  connections  and  lifts  the  brake. 

Further  motion  of  the  Master  Szuitch  brings  contactor  0  in 
connection  with  point  j,  and  the  current  may  be  traced  via  hatch- 
way switch  c,  15s,  132,  ijT,  coil  of  switch  G,  to  contact  34,  which 
upon  the  operation  of  either  reversing  switch  is  in  connection  with 
the  -h  terminal.     The  operation  of  G  cuts  out  a  step  of  the  armature 
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series  starting  resistance  and  inserts  additional  resistance  in  the 
armature  shunt  resistance,  thereby  speeding  up  the  motor.  In  the 
same  manner  another  increase  of  speed  occurs,  when  F  is  ener- 
gized following  the  energizing  of  point  4  by  the  Master  Szvitcli  via 
I,  4,  hatchway  switch  h,  155,  ifj6  contacts  141  and  142  of  switch 
G,  coil  F  and  contact  ?-/  on  the  reverse  switches. 

When  the  Master  Switch  makes  contact  at  point  5,  the  con- 
nections result  in  the  energizing  of  speed  switch  E  with  a  corre- 
sponding increase  in  the  elevator  speed.  In  this  case  the  current 
does  not  run  through  any  of  the  hatchway  switches. 

Switch  D  is  energized  when  the  Master  Szvitcli  is  moved  to 
make  contact  at  point  6,  the  path  of  the  current  being  6,  hatchway 
switch  a,  i^/,  ijS,  contacts  14^  and  146  of  switch  E,  coil  D,  etc. 
With  the  operation  of  D,  the  armature  shunt  resistance  is  opened, 
the  Accelerating  Magnet  M  is  placed  across  the  armature  and  a 
further  acceleration  occurs  automatically  through  the  gradual  cut- 
ting of  Part  I  of  Series  Starting  Resistance.  Finally  with  the  Mas- 
ter Switch  in  the  extreme  position  segment  0  makes  contact  with 
point  7,  thus  short-circuiting  in  the  manner  already  explained,  the 
fast  and  slow  speed  magnet  L,  which  in  dropping  out  inserts  the 
resistance  R  in  the  shunt  field  and  brings  the  motor  to  maximum 
speed.  This  current  also  does  not  pass  over  the  hatchway  switches. 
Moving  the  Master  Sivitch  handle  in  the  direction  of  the  Up  arrow, 
causes  the  magnets  to  act  in  the  same  manner,  except  that  reversing 
switch  C  instead  of  B  operates,  causing  the  motor  to  run  in  the 
opposite  direction.  Also  it  will  be  seen  that  the  currents,  operating 
the  switches  C,  G,  F,  D,  in  this  case  take  their  paths  over  the 
upper  hatchway  switches,  k,  h,  g  and  /. 

In  stopping  at  the  floors  the  Master  Szvitcli  handle  is  placed 
in  the  central  position  and  the  switches  return  to  their  otT  position 
in  the  reverse  order  from  which  they  operated  at  starting.  All 
elevators  are  provided  with  a  device  that  brings  the  machine  auto- 
matically to  rest  at  the  upper  and  lower  terminals  of  the  car  travel, 
independent  of  the  operating  device. 

Suppose  the  elevator  is  going  down  and  the  operator  retains 
the  Master  Szvitcli  in  the  full  speed  down  position;  a  cam  placed  on 
the  car  will,  when  near  the  bottom  landing,  successively  open  the 
lower  group  of  the  hatchway  switches,  with  the  following  results. 
The  breaking  of  the  contacts  of  switch  a  drops  magnet  D.  The 
breaking  of  its  contacts  4/,  48;  14/,  148.  results  for  the  one  part 
in  the  interrupting  of  the  circuit  through  the  Accelerating  Magnet 


526  The  niPXTkic  jouRMal 

M  inserting  Part  i  of  Scries  Starting  Resistance  and  for  the  other 
part  in  hreaking  the  short-circuit  around  the  fast  and  slow  speed 
magnet  L  through  the  breaking  of  contacts  185-,  186,  of  the  accel- 
erating switch.  L  again  becomes  energized  and  in  attracting  its 
armature,  making  contacts  idy,  168,  i6p,  short-circuits  the  field  resis- 
tance i?.  The  making  of  contacts 57  and  ^8  on  switch  D  results  further 
in  reestablishing  the  Armature  Shunt  Resistance  65  to  70  and  the 
effect  of  the  three  operations  slows  down  the  motor.  A  little  later 
the  cam  on  the  car  opens  the  contacts  of  hatchway  switch  b,  drop- 
ping switch  F.  Since  the  secondary  contacts  14^  and  144  of  this 
switch  control  switch  £,  under  ordinary  circumstances  E  will  drop 
also.  The  result  is  that  a  portion  of  Part  2  of  the  Series  Starting 
Resistance  is  added  to  the  anuature  circuit,  and  the  closing  of  the 
bottom  contacts  5J.  5./,  and  f,j  and  ^d,  short-circuits  the  portion 
between  68  and  /O  of  the  Armature  Shunt  Resistance,  thereby  ex- 
ercising a  considerable  slowing  down  effect.  The  opening  of  the 
contacts  of  hatchway  switch  c  drops  switch  (7,  with  the  result  that 
with  the  breaking  of  top  contacts  41,  4?,  the  entire  series  resistance 
is  placed  in  the  armature  circuit,  while  the  making  of  contacts  5/, 
52,  reduces  the  armature  shunt  resistance  to  portion  6^  to  6/. 

The  further  motion  of  the  elevator  car  causes  the  cam  to  en- 
gage the  hatchway  switch  d.  which  drops  reversing  switch  B,  break- 
ing the  armature  circuit  and  leaving  the  motor  subject  to  the  dy- 
namic brake  action  due  to  the  shunt  across  the  armature  with  re- 
sistance (55  to  d7  and  a  maximum  strength  of  field.  A  little  later, 
(\\.\e  to  the  lag  between  the  action  of  reversing  switch  and  l)rake, 
tlie  brake  sets  and  the  elevator,  under  ordinary  circumstances,  stops. 
Should,  however,  its  motion  continue  for  some  reason,  the  opening 
of  hatchway  switch  e  occurs,  followed  by  the  dropping  of  main 
line  switch  A,  which  in  making  its  lower  contacts  75,  t6,  //,  j8,  re- 
duces the  armature  shunt  resistance  still  further  to  tlie  porti(^n  6^ 
to  66,  thereby  exercising  a  heavy  dynamic  braking  eiTtect. 

If  the  elevator  still  continues  to  travel  it  will  engage  the  buffer  un- 
der the  car,  relieving  the  traction  on  the  motor  sheave,  and  positively 
stopping  the  car.  It  will  be  noticed  that  the  hatchway  switches,  which 
slow  down  the  elevator,  namely,  a,  h.  c.  at  the  bottom  and  /,  g.  li,  at 
the  top,  have  double  contacts,  while  those  more  important  and  sto]v 
ping  the  motor,  namely,  d,  e  and  k,  /,  at  bottom  and  top  respectively, 
break  the  circuit  at  four  points. 

The  series  starting  resistance  is  not  proportioned  to  tlie  niaxinuuu 
elevator  load,  but  to  the  average.   That  is,  the  two  parts  of  the  starting 
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resistance  in  series  will  admit  sufficient  current  to  the  motor  to 
start  an  average  load,  but  the  maximum  load  can  only  be  started 
when  Fart  2  is  cut  out.  For  this  reason,  the  series  starting  resist- 
ance is  split  in  two  parts,  of  which  one  is  under  control  of  the  op- 
erator. Since,  however,  when  the  car  reaches  the  terminal  land- 
ing and  opens  the  several  hatchway  switches,  all  of  the  magnet 
switches  successively  drop  into  their  ofT  position,  beyond  the  further 
control  of  the  operator,  and  the  reinsertion  of  the  resistances  as 
outlined  above  may  stall  a  heavy  load  before  the  terminal  landings 
are  reached.  By  heavy  load  is  meant  a  heavy  load  on  the  mo- 
tor. Since  the  counterweight  is  approximately  i  100  lbs.  (for  the 
passenger  machines)  heavier  than  the  car,  the  greatest  loads  on  the 
motor  occur  on  the  up  motion  with  the  maximum  live  load  in  the 
car  and  on  the  down  motion  with  empty  car.  In  order  to  prevent 
stalling,  a  device  operated  by  the  load  magnet  /,  is  provided  which 
prevents  the  motor  from  slowing  down  below  a  certain  limit,  when 
the  car  successively  engages  the  hatchway  switches.  If  the  car 
slows  down  below  that  limit,  switch  /,  whose  coil  is  energized  by 
the  counter  e.m.f..  dro]^  out.  permitting  contacts  /d?,  7(5/.  to  close. 
Considering,  therefore,  the  case  of  a  heavy  load  on  the  motor, 
the  operator  retaining  the  master  switch  in  the  full  down  position 
and  the  cam  on  the  car  striking  the  lower  hatchway  switches : — First, 
the  opening  of  a  drops  switch  D,  the  opening  of  b  drops  F  and 
when  the  load  is  average,  also  E,  due  to  the  opening  of  the  second- 
ary contacts  77,\  r/ 7.  If  the  load  is  heavy,  the  resulting  slow  down 
is  too  much,  causing  the  load  magnet  /  to  drop  out  and  close  contacts 
16;.  16 j.  This  results  in  l)y-i)assing  contacts  77?.  /,/_/,  so  that  E 
will  remain  energized  by  a  circuit  via  /.  5.  on  tlie  Master  S-zcitch, 
lyo,  lyi.  contacts  16 j  and  7(5?  of  switch  /,  iJ-\  coil  E,  contact  5;, 
which  is  connected  to  the  +  side  of  the  line  if  either  of  the  re- 
versing switches  is  in  operation.  With  a  heavy  load,  therefore.  E 
remains  energized  and  as  its  secondary  contacts  if,o,  i^i,  stay 
closed,  magnet  G  receives  current  from  contact  j^.  coil  G,  secondary 
contacts  750.  757  of  switch  E,  209,  210,  contacts  77j,  777  of  main 
line  switch  and  out  to  the  —  terminal.  When,  therefore,  the  cam 
on  the  car  engages  hatchway  switch  c  in  case  of  a  heavy  load, 
switch  G  nevertheless  remains  closed,  so  that  in  such  a  case,  of  the 
four  switches  D,  E,  F,  G;  D  and  F  drop  out  and  E  and  G  stay  in.  The 
result  is  that  all  of  Part  2  of  Scries  Starting  Rcsista)icc  remains  cut 
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out,  with  the  resistance  of  65  to  68  shunted  across  the  armature, 
whereby  sufificient  potential  and  current  is  suppHed  to  the  motor  to 
prevent  stalhng  or  undue  slowing  down. 

Each  of  the  elevators  has  a  trip  recorder,  a  travel  recorder, 
whereby  the  total  travel  of  the  car  in  feet  may  be  recorded,  and  a 
wattmeter.  Daily  readings  of  these  instruments  are  taken,  and, 
through  the  courtesy  of  Mr.  Evans,  Superintendent  of  Power,  the 
following  average  performance  during  the  month  of  October,  1910, 
is  published.  The  average  travel  of  the  low  rise  passenger  elevators, 
which  make  all  stops  between  first  and  fourteenth  floors  was  432 
miles  at  a  power  consumption  of  four  kw-hr.  per  car  mile.  The 
average  travel  of  the  high  rise  passenger  elevators,  which  make  all 
stops  above  the  fourteenth  floor,  was  875  miles 
at  an  average  current  consumption  of  2.85  kw- 
hr.  per  car-mile.  The  marked  difference  in  the 
power  consumption  between  the  high  and  low 
rise  elevators  is  due  to  the  greater  number  of 
stops  per  mile  of  travel  of  the  latter.  The 
travel  and  trip  recorders  also  form  a  convenient 
method  of  checking  the  over-run  of  floors. 

The  freight  elevator  travels  from  sub-base- 
ment to  twenty-fifth  floor,  a  distance  of  351 
feet.  This  machine  is  designed  for  an  ordinary 
duty  of  3  000  lbs.  at  a  speed  of  from  450  to 
500  feet  per  minute,  and  a  maximum  lifting 
capacity  of  5  000  lbs.  at  slow  speed.  When  lift- 
ing this  extreme  load,  the  car  is  operated  by  a 
separate  master  switch  located  at  the  machine, 
the  operator  receiving  bell  signals  from  an  at- 
tendant in  the  car.  The  master  switch  permits 
the  operation  of  the  elevator  at  slow  speed  only 
and  the  additional  traction  required  to  lift  the  heavy  load  is  obtained 
by  employing  a  magnetic  traction  sheave,  and  by  additional  counter 
weight  attached  to  the  ordinary  weight.  The  principle  of  the  mag- 
netic sheave  is  shown  in  Fig.  12.  It  will  be  seen  that  the  driving 
sheave  consists  of  alternate  sections  of  cast  iron  and  of  non-magnetic 
material.  This  forces  the  magnetic  flux  to  pass  through  the  cables, 
thus  attracting  them  tightly  to  the  cast  iron  and  increasing  the  fric- 
tion. When  lifting  the  extreme  load  the  elevator  is  equipped  with 
an    additional    magnet  brake    in  parallel  with  the  ordinary  brake. 


FIG.    12 — ^MAGNETIC 
SHEAVE 


SOME  CHARACTERISTICS  OF  TUNGSTEN  LAMPS 

J.    FRANKLIN  MEYER 

THERE  are  two  general  types  of  incandescent  electric  lamps, 
those  made  of  some  metal  and  those  made  of  carbon  or 
metallized  carbon.  The  metal  filament  lamps  of  commerce 
are  of  two  kinds, — lamps  having  filaments  of  tungsten  and  lamps 
having  filaments  of  tantulum.  Only  tungsten  lamps  are  here 
considered. 

Some  of  the  desirable  qualities  of  a  material  for  a  lamp  fila- 
ment are : — 

I — Very  high  melting  point  so  that  it  can  be  operated  at  high 
temperatures. 

2 — Low  vapor  tension  so  that  it  can  be  heated  to  a  high  tem- 
perature in  a  vacuum  and  not  evaporate  readily. 

3 — High  specific  resistance  so  that  filaments  are  not  too  long 
or  too  small  in  cross  section. 

4 — Stable  resistance  and  positive  temperature  coefficient. 

5 — Mechanical  strength. 

6 — Selective  emission  in  the  visible  spectrum. 

These  conditions  are  met  most  fully  at  the  present  time  by  the 
tungsten  lamp  filament.  Tungsten  is  an  element,  just  as  are  copper 
and  platinum,  being  found  in  nature  in  the  minerals  Schelite,  Hueb- 
nerite  and  Wolframite.  The  crude  oxide  from  which  tungsten  fila- 
ments are  made  is  received  by  lamp  manufacturers  in  the  form  of 
a  heavy  yellow  powder.  The  refined  metal  is  white,  and  very  hard. 
It  is  also  very  heavy,  having  an  atomic  weight  of  183,  and  a  specific 
gravity  of  about  18.7,  which  may,  however,  be  considerably  in- 
creased by  various  methods  of  filament  manufacture,  so  as  to  be 
as  high  as  20.2.  Its  specific  heat  is  0.0358,  its  heat  of  combustion 
about  1047  calories,  and  its  melting  point  above  2700  degrees  C, 
more  than  i  000  degrees  higher  than  platinum.  Its  specific  resist- 
ance varies  from  6.9X10"*'  to  5.2X10"*'  ohms,  or  about  three  and 
one-half  times  that  of  copper,  the  exact  value  depending  on  the 
method  of  treatment. 

As  a  result  of  its  lower  specific  resistance  the  filament  in  a 
tungsten  lamp  is  very  much  longer  than  the  filament  of  a  carbon 
lamp  of  the  same  rating.  Since  the  metal  tends  to  become  soft 
when  incandescent,  and  will  fuse  instantly  to  the  glass  of  the  sup- 
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ports  or  bulb,  if  allowed  to  come  into  contact,  tbc  filament  must  be 
supported  by  anchors  at  both  ends  of  the  lamp.  The  arrangement 
of  filaments  on  a  spider  in  a  tungsten  lamp  with  respect  to  reference 
planes  in  the  three  dimensions  is  shown  diagramatically  in  Fig.  i. 
Tungsten  filaments  are  adaptable  for  use  in  all  types  of  lamps 
and  at  all  commercial  voltages.  Sign  lamps  consuming  2.5  watts  at 
10  volts,  and  500  watt  lamps  at  no  volts  are  on  the  market.  In  the 
2.5  watt  sign  lamp,  the  filament  is  about  two  inches  long,  while  in 
the  500  watt  lamp  the  filament  is  60  to  70  inches  in  length,  depending 

upon  the  voltage.  The 
diameters  of  filaments  in 
diiTerent  types  of  lamps 
also  vary  widely.  Fila- 
ments made  for  15  watt 
no  volt  lamps  are  only 
0.0008  to  0.0009  inch  in 
diameter  or  considerably 
smaller  in  diameter  than 
human  hair,  while  fila- 
ments in  lamps  used  for 
series  street  lighting  are 
o.oio  to  0.015  inch  in  di- 
r.mcler  and  even  larger.  The  dimensions  of  a  filament  for  any 
wattage  and  voltage  are  determined  by  the  general  condition  th:it 
the  power  sui)plied  to  the  lamp  is  radiated  fro  n  the  filament  in  the 
form  of  radiant  energy,  that  is  heat  and  light.  A  certain  ])ercent- 
age  of  the  power  supplied  to  the  filament  is  always  lost  by  the  cool- 
ing effect  of  anchors  and  lead-in  wires.  This  varies  with  the  con- 
struction of  the  lamp,  being  dependent  upon  the  number  of  anchors 
used  and  the  material  and  size  of  the  anchors.  If,  however,  this 
loss  is  neglected,  the  diameter  of  a  filament  necessary  for  any  given 
current  can  be  readily  calculated.* 


KEFEKEXCE   PLANS 

For  li.iiht  distribvition  curves. 


*Lct  .5"  =  Surface  of  a  filament;  r  — Resistance  of  filament;  d  =  Diame- 
ter of  filament:  /  ~  Length  of  filament;  t;  =  Voltage  supplied;  i  ==  Current, 
and  7C'  =  iv  =r  Wattage  of  the  lamp  considered.  Then  since  the  total  energy 
supplied  is  radiated  from  the  filament,  we  can  write :  i  v  =r  iV  ex  S.     But  S  a 


Id. 


We  have  th( 


L   oc    Id,  ori'^  i„ 
d-  d- 


Kid 


Therefore 


d  —  k  i  5  ,  where  k  is  a  constant,  depending  on  the  characteristics  of  the  fila- 
ment used.  From  this  general  formula,  knowing  the  value  of  the  constant  k, 
v.diich  is  determined  by  exjicriment  on  Aarious  types  and  kinds  of  lamps,  it  is 
possible  to  calculate  the  diameter  of  filament  necessary  for  a  lamp  of  any 
wattage  and  voltage. 
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Tungsten,  being  a  metal,  has  a  positive  temperature  resistance 
coefficient,  while  for  carbon  the  coefficient  is  negative,  that  is,  as  the 

current  in  a  tungsten  filament 
rises  under  increasing  voltage, 
the  temperature  of  the  filament 
increases  and  its  resistance  in- 
creases. 

Curves  showing  the  variation 
of  resistance  with  increasing 
voltage  in  carbon  and  in  tung- 
sten lamps  are  given  in  Fig.  2. 
while  the  relation  of  the  resist- 
ance and  current  in  a  tungsten 
filament  is  given  in  Fig.  3.  As 
shown,  the  resistance  of  the 
tungsten  filament  is  fro  :i  1 1  to 
13  times  as  great  when  hot  as 
when  cold.  This  difference 
causes  the  well  known  over- 
shooting of  tungsten  lamps.  As 
a  result  of  the  positive  temper- 
ature coefficient,  variation  of  voltage  on  a  tungsten  lamp  has  a 
smaller  eft'ect  on  the  current  and  consequently  on  the  candle-power 
than  it  has  on  carbon  lamps.  This  is  an  important  point  in  the 
(>1  oration  of  incandes- 
cent lamps.  A  one  per- 
cent increase  in  voltage 
gives  approximately 
the  following  percent- 
age increase  in  current 
in  carbon  and  tungsten 
lamps  : — Tungsten.  0.60 
percent ;  untreated  car- 
bon, 1.30  percent  ; 
treated  car  b  on,  i  .05 
percent ;  metallized  car- 
bon, 0.75  percent. 

The  results  obtained  from  a  60  watt  114  volt  lamp  when 
burned  at  increasing  voltages  are  shown  in  Table  I.  Curves  plotted 
from  average  values  obtained   from  such  measurements   made  on 


fk;.  2 — CURVES  SHOWING  comfa:^ative 

RESISTA^XE    OF    CARBOX    AND    TUNG- 
STEN  LAMPS 
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FIG.     3 CURVES     SHOWING     CHANGE     OF     RESISTANCE 

AND    CURRENT    WITH    VARYING    VOLTAGE 
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many  lamps  are  called  characteristic  curves.  Such  curves  are 
shown  in  Fig.  4,  while  Fig.  5  shows  variation  in  wattage  for  a  par- 
ticular 60  watt  lamp  with  increasing  voltage. 

Only  a  small  percentage  of  the  total  power  supplied  to  an  in- 
candescent lamp  becomes   available  as  light.     Measurement  made 

by  different  observers 
vary  widely.  The  fol- 
lowing table  taken 
from  a  paper  by  Leim- 
bach*  gives  the  most 
r  e  c  e  n  tly  determined 
values. 

The  two  values  ap- 
proach equality  as  the 
amount  of  energy  lost 
by  convection  and  con- 
duction    is     decreased. 

FIG.   4— CHARACTERISTIC   CURVES   OF   TUNGSTEN   LAMP   W^-iile    thg     fuUCtion    of 

a  lamp  is  the  production  of  light  for  the  purpose  of  illuminaton,  as 
seen  from  Table  II,  only  about  3.5  percent  of  the  energy  supplied 
to  a  tungsten  lamp  is  radiated  by  the  lamp  as  light.  The  quantity 
of  light  radiation  from  a 
lamp  is  measured  in  units 
of  luminous  flux  called 
lumens.  The  intensity  of 
the  luminous  flux  is  meas- 
ured in  candles.  To  make 
the  relation  of  lumens  to 
candles  clearer  an  analogy 
may  be  used.  Conceive  a 
hollow  sphere  two  inches 
in  diameter  to  be  fixed  to 
the  end  of  a  small  upright 
water  pipe.  The  area  of 
this  sphere  then  is  47r  sq.  in. 
or  12.5664  sq.  in.  Imagine 
I  000  small  holes  made  in  each  square  inch  of  the  surface  of  the 
sphere.  If  now  the  incoming  pipe  be  neglected,  for  the  sake  of 
symmetry,  and  weightless  water  is  turned  on,  there  will  be  a  uni- 
form flux  of  water  outward  from  the  surface  of  the  sphere.    From 
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FIG.   5 — CURVE  SHOWING  POWER  CONSUMED  BY 
TUNGSTEN   LAMP  AT  VARYING  VOLTAGES 


*Leimbach:  Elek.  Tech.  Zeit.,  191 1,  P-  266 
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each  square  inch  of  surface  there  will  be  i  ooo  similar  streams  of 
water  flowing,  all  diverging  from  the  center  of  the  sphere.  The 
intensity  of  this  flux  of  water  will  be  equal  in  all  directions,  and 


TABLE  I- 


-RESULTS  OBTAINABLE  BY  BURNING  A  6o-\VATT,  114- 
VOLT  LAMP  AT  VARIOUS  VOLTAGES 


Ohms. 

Watts  per 

Volts 

Amperes 

Watts. 

Candles 

Candle. 

V 

1. 

R—  4- 

\V=V1 

c 

wpc=^ 

1 0.0 

0.140 

71-4 

1.40 

15.0 

0.159 

94.3 

2.38 

20.0 

0.187 

107.0 

3-74 

25.0 

0.213 

1 1 7.0 

5-33 

35.0 

0.261 

1340 

9.13 

50.0 

0.321 

160.0 

15.6 

60.0 

0.356 

168.0 

21.3 

750 

0.407 

184.0 

30.5 

9.95 

3.05 

85.0 

0.437 

189.0 

37.4 

16.4 

2.27 

950 

0.466 

202.0 

44.2 

24.6 

1.78 

105.0 

0.495 

211.0 

52.0 

36.0 

1.44 

IIO.O 

0.509 

217.0 

56.0 

42.2 

1.33 

1 12.0 

0.514 

218.0 

57.5 

45.0 

1.28 

1 14.0 

0.520 

220.0 

59.4 

48.0 

1.23 

1 16.0 

0.525 

220.0 

61.0 

53.0 

1. 15 

II8.0 

0.530 

221.0 

62.5 

57.8 

1.08 

120.0 

0.535 

222.0 

64.5 

60.1 

1.07 

may  be  chosen  as  unit  intensity  and  given  a  name.  Such  a  source 
radiating  light  flux  with  unit  intensity — one  candle — would  give 
forth  unit  flux — one  lumen — through  each  unit  solid  angle.    There 


TABLE  IT- 


PERCENTAGE  OF  ENERGY  INPUT  AVAILABLE 
AS  LIGHT 


Type  of  Lamp. 

Energy    radiated    as 
light  -f-  Total  en- 
ergy radiated 

Energy    radiated    as 

light  H-  Energy 

supplied 

Carbon  Lamp 
Tantalum  Lamp 
Tungsten  Lamp 

4.63 

1. 75 

2.75 
3.50 

are  477  or  12.5664  unit  solid  angles  around  the  sphere.  The  total 
flux  is,  therefore,  47r  or  12.5664  lumens.  If  all  the  holes  in  two 
square  inches  of  the  surface  are  closed,  everything  else  remaining 
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as  before,  then  there  are  only  10.5664  units  of  flux  and  the  flux  is 
no  longer  uniform.  Again,  a  reflector  placed  so  as  to  change  the 
direction  of  part  of  the  flux,  would  not  change  the  total  flux  but 
would  change  its  intensity  in  some  directions. 

In  measuring  the  light  of  a  lamp,  units  of  flux  and  intensity 
are  necessary.  As  previously  stated,  amount  of  light  is  measured 
in  units  called  lumens  and  intensity  of  light  flux  in  candles.  Can- 
dle-power in  any  direction  can  be  increased  by  reflectors  and  lenses. 
l)ut  flux  of  liglit  from  a  lamp  is  independent  of  all  accessory  de- 


HORTZONT.'XL  DISTRIBUTION   CURVE  OF  TUNGSTEN   LAMP 


vices.  The  number  of  lumens  given  by  a  particular  lamp  is,  there- 
fore, of  more  importance  than  the  number  of  candles  intensity  in 
any  given  direction. 

The  intensity  of  a  source  of  light  usually  varies  with  the  direc- 
tion from  the  source  and  it  is  therefore  necessary  to  designate  the 
direction  in  which  any  lamp's  intensity  in  candles  is  measured.  The 
mean  horizontal  candle-power  of  a  lamp  is  the  mean  of  the  values 
of  the  intensity  measured  in  all  directions  an  a  horizontal  plane  pass- 
ing through  the  optical  center  of  the  lamp.     In  Fig.   i  ig  shown  a 


TUNGSTEN  LAMP  CHARACTERISTICS  535 

diagram  of  a  lamp,  the  optical  center  of  which  is  at  the  point  0. 
If  now  the  candle-power  of  the  lamp  be  measured  for  each  degree,, 
measured  from  the  axis  OX  in  the  plane  O  X  Y'  X'  Y  and  the 
mean  of  all  these  values  calculated,  there  is  obtained  the  mean 
horizontal  candle-power  of  the  lamp.  This  horizontal  can- 
dle-power is  the  candle-power  ordinarily  meant  when  we 
speak  for  example  of  a  32  candle-power  lamp  and  is  obtained  in 
practical  photometry  by  rotating  the  lamp  about  a  vertical  axis  rap- 
idly enough  to  prevent   flickering  while  its  candle-power  is  being 


FIG.    7 — VERTICAL   DISTRIBUTION    CURVE   OF    TUNGSTEM    L.\MP 

measured.  If,  however,  the  candle-power  is  measured  at  variou.< 
angles  in  the  horizontal  plane  and  these  values  are  plotted  as  dis- 
tances from  a  center,  a  curve  drawn  through  the  points  so  obtained 
will  be  the  horizontal  distribution  curve  for  the  lamp.  Such  a 
curve  for  a  tungsten  lamp  is  shown  diagrammatically  in  Fig.  6. 
Due  to  the  filament  arrangement  in  a  tungsten  lamp,  the  horizontal 
distribution  curve  is  approxiiuately  a  circle. 

If  the  candle-power  of  the  lamp  is  determined  at  various 
angles,  say  for  every  five  degrees  measured  from  the  ZZ'  axis,  as 
shown  in  Fig.  i,  and  a  polar  curve  plotted,  the  vertical  distribution 
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curve  is  obtained.  Such  a  curve  is  shown  in  Fig.  7.  The  candle- 
power  is  zero  in  the  direction  of  the  base  of  the  lamp,  all  the  light 
being  cut  off  by  the  base.  A  tungsten  lamp  being  nearly 
symmetrical  axially,  the  distribution  curve  in  all  vertical  planes  is 
the  same. 

The  mean  spherical  candle-power  of  a  lamp  is  the  mean  of 
the  intensities  in  all  directions  from  the  lamp.  It  is  the  intensity 
of  a  source  giving  the  same  total  amount  of  light  as  the  lamp  in 
question,  but  radiatng  its  light  equally  in  all  directions.  The  mean 
spherical  intensity  is  difficult  to  measure  directly  and  its  calcula- 
tion from  distribution  curves  is  not  simple.  As  a  result  of  these 
difficulties  commercial  photometric  measurements  on  lamps  are 
usually  measurements  of  mean  horizontal  candle-power.  The 
mean  spherical  candle-power  of  a  particular  type  of  construction 
being  once  determined,  the  ratio  of  the  mean  spherical  candle-power 
to  the  mean  horizontal  candle  power  is  a  constant  of  much  value. 
This  ratio  is  called  the  spherical  reduction  factor  and  for  tungsten 
lamps  is  approxirately  0.78  for  the  100  volt  grade  of  lamps,  and 
0.79  for  the  low  voltage  lamps.  By  multiplying  the  mean  horizon- 
tal candle-power  by  the  reduction  factor,  the  mean  spherical  candle- 
power  is  readily  obtained. 


THE  LIGHTING  OF  SMALL  OFFICES 

C.  E.  CLEWELL 

A  NUMBER  of  small  offices  located  throughout  a  large  works 
have  recently  been  provided  with  tungsten  illumination.  In 
this  connection  several  problems  have  arisen  in  determining 
the  most  suitable  size,  number  and  arrangement  of  the  lamps,  which 
are  explained  in  the  following  paper.  At  the  outset  it  was  agreed 
that  the  lighting  should  be  such  that  any  changes  which  might  be 
made  in  the  arrangement  of  desks  or  files  would  not  require  a  re-ad- 
justment of  the  lamps.  Hence,  satisfactory  lighting  in  all  parts 
of  each  office  was  the  starting  point.  The  offices  were  usually  long 
and  narrow ;  they  differed  in  shape  and  in  size,  and  the  ceiling 
height  ranged  from  eight  to  13.5  feet. 

At  first  sight  the  lamps  as  installed  in  some  of  the  offices  ap- 
pear very  close  together  and  the  number  unnecessarily  large,  but 
there  was  a  definite  reason  for  the  arrangement  selected  in  each 
case,  as  it  was  the  most  suitable  for  meeting  the  condition  of  uni- 
form illumination. 

Althought  this  article  refers  specifically  to  certain  factory  of- 
fices, it  will  be  noted  that  the  principles  involved  apply  generally  to 
office  lighting  where  the  sizes  of  the  rooms  and  the  general  re- 
quirements are  similar  to  those  which  are  taken  up  in  this  article. 

ELIMINATION    OF    DROP    LAMPS 

In  lighting  any  small  square  office  sufficient  light  can,  in  gen- 
eral, be  obtained  by  placing  one  large  lamp  at  the  center  of  the 
room.  In  like  manner  a  long  narrow  office  can  be  furnished  with 
a  sufficient  quantity  of  light  by  one  row  of  lamps  down  the  center. 
However,  unless  the  office  is  very  small,  while  there  may  be  a  suf- 
ficient quantity  of  light,  it  will  nearly  always  be  poorly  distributed 
that  is,  desks  located  directly  under  the  lamps  may  be  sufficiently  or 
even  over-lighted,  while  those  located  along  the  walls  and  sides  of 
the  room  will  generally  be  poorly  lighted,  and  will  usually  require 
drop  lamps.  This  will  be  especially  the  case  where  side  desks  are 
used,  due  to  the  shadows  cast  upon  the  desks  by  those  using  them. 

In  lighting  the  offices  here  referred  to,  one  of  the  main  purposes 
was  to  avoid  the  use  of  individual  drop  lamps,  by  furnishing  a  light 
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equally  satisfactory  in  any  part  of  the  room.  This  end  was  sought 
by  taking  the  necessary  candle-power  (or  the  equivalent  watts)  re- 
quired to  furnish  sufficient  light  and,  by  dividing  this  candle-power 
by  the  proper  number  of  lamps  required  for  a  suitable  arrangement, 
to  determine  the  size  of  lamps  which,  when  properly  spaced,  will 
insure  that  a  desk  placed  at  any  point  in  such  an  office  will  be  sat- 
isfactorily lighted. 

RANGE   OF -THE    NUMBER  OF   LAMPS    FOR   EACH    OFFICE 

As  can  be  seen  from  the  foregoing  the  possible  number  of  units 
ranges  from  one  large  lamp  at  the  center  of  a  square  room,  or  one 
row  of  lamps  down  the  center  of  a  long  narrow  room,  to  a  larger 
number  of  smaller  lamps  distributed  over  the  ceiling  for  the  purpose 
of  supplying  a  uniform  light  on  the  entire  working  surface  of  the 
office.  Frorn  experience  in  making  other  installations,  the  watts 
necessary  to  furnish  a  given  quantity  of  light  for  a  room  of  certain 
area  can  be  closely  determined.* 

FIRST    COST    AS    A    FACTOR 

After  deciding  on  the  necessary  candle-power,  and  the  equiva- 
lent energy  expressed  in  watts,  it  is  practically  immaterial  from  the 
standpoint  of  energy  consumption,  whether  this  energy  is  utilized 
in  the  form  of  one  large  unit  or  many  small  units.     On  the  other 


*TABI.i;    I— DATA    FOR   TCNGSTEN    LAMPS    Wrni    KFFICIKNT    REFLECTORS 
(From   tin-  .Journal,   Vol.    VI.,    1!»()!>,  p.    74.S.) 

Watts   per 

Type  of  Service  Square  Fool 

Drafting    room     1.00   to   ].2,5 

Factory,    general    illumination    only,    where    additional    .sjiccial    illumina- 
tion of  each  machine  or  beneli   is  provided 0.4  0   to  0.60 

F'actory,   complete  illumination    1.00   to  1.25 

Hotel,   halls    0.20   to   0.30 

Hotel,  guests'  rooms 0.50   to   0.70 

Hotel,   parlors    0.40   to   0.50 

Office,   waiting   or   consultation   room 0.40   to   0.50 

Office,   private  office  or  board  room    (no  individual  desk  lighting) 0.60   to   0.75 

Office,   general  office  or  bookkeeping    (no   individual  desk   lighting)....  0.90   to   1.20 
Office',   private    or    general    (general    illumination    only    where    individual 

desk  lighting  will  be  used   in   .idditinn) 0.30    to   0.45 

Residence,    halls    0.20   to   0.30 

Residence,   sleeping  rooms    0.30   to   0.4  5 

Residence,    living  rooms    0.50   to   0.75 

Store,   book,   furniture'    0.75   to   1.00 

Store,   light-colored    fabrics,   china,   drucr,   jewelry,   shoe,   hardware,    etc.  0.90   to   1.20 

Store,    dark-colored    fabrics,    clothing    ". 1.20   to   1.50 

Train   Sheds 0.30   to   0.4  0 

Warehouse    0.30   to   0.50 

Note. — t'Se   larger   watt    per   square   foot   values    in    abnv?   table    when    room    ha? 

dark    w;ills.      I'se    smaller   watt   per    square    foot    values    when    room    has  light    colored 
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hand,  the  first  cost  of  the  installation  is  afit'ected  by  the  nu  iiber  of 
units  to  be  used  as  the  first  cost  of  the  wiring  is  naturally  some- 
what increased  if  a  greater  number  of  outlets  are  provided  for  a 
given  area.  In  view  of  the  fact  that  the  satisfaction  of  the  light  in 
any  position  of  the  room  depends  largely  on  the  number  of  units  and 
the  way  they  are  spaced,  the  use  of  a  larger  number  of  small  units 
is  often  entirely  warranted  due  to  a  crowded  condition  of  desks 
in  the  office.  This  is  particularly  the  case  in  factory  offices  where, 
in  addition  to  crowded  conditions,  the  desks  are  frequently 
shifted. 

Furthermore  the  first  cost  is  a  charge  that  may  be  considered  as 
spread  o\'er  a  long  period  of  time,  and  as  such  is  a  factor  of  a  lower 
order  than  is  that  of  satisfaction.  It  nay  be  stated  that  in  one  in- 
stance, where  a  certain  ofiice  installation  was  contemplated,  the 
first  cost  of  installing  a  tungsten  lighting  system  amounted  to  one- 
third  of  one  percent  of  the  wages  paid  the  employees  in  these  offices 
for  one  year.  This  was  about  the  equivalent  of  the  wages  for  one 
and  one-half  minutes  per  day,  wdiich  means  that  the  first  cost  of 
the  improved  lighting  could  be  reduced  to  the  equivalent  wages  of 
one  and  one  half  minutes  per  day  for  one  year's  time.  The  losses 
in  time  and  efficiency  due  to  poor  light  may  be  classed  in  values 
from  i)erhaps  one-half  an  hour  to  two  hours  per  day,  so  that  what 
might  be  considered  as  an  economy  in  the  installation  of  a  system  of 
low  first  cost  giving  inadequate  lighting,  becomes  an  extravagance, 
when  compared  with  the  losses  of  time  involved  by  those  using  it. 

THE    SPACING   DISTANCE    OF    LAMPS 

After  deciding  upon  the  energy,  expressed  in  watts,  required  to 
give  a  proper  intensity  of  light,  it  becomes  necessary  to  determine 
the  size  and  spacing  of  the  lamps  to  give  uniform  satisfaction  in  any 
part  of  the  office.  From  extensive  tests  it  has  been  found  that  for 
an  office  with  a  ceiling  height  of  approximately  12  feet,  the  lamps 
should  be  spaced  about  7.5  feet  apart  and  should  be  spaced  2.5  feet 
from  the  walls  to  provide  for  desks  placed  directly  against  the 
walls.*  In  standardizing  the  spacing  of  lamps  for  all  sizes  of 
offices,  a  chart  was  devised  giving  the  spacing  distances  for  offices 
of  varying  widths. 


*For  further  information  see  "Notes  on  Office  Lighting,"  by  the  author 
n  the  Journal  for  May,  jgio, 
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A  study  of  this  chart,  Fig.  i,  shows  that  the  most  difficult 
offices  to  light  are  those  with  a  width  of  lo,  14  and  22  feet,  and 
so  on,  namely  at  those  points  where  the  office  is  a  little  too  wide 
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FIG.     I CHART    SHOWING    THE    SPACING    DISTANCES    OF    LAMPS    FOR    VARIOUS 

SIZED    OFFICES 

The  dimension  to  the  left  of  each  section  indicates  the  width   (or 
length)    of  the  room. 

for,  say  one  row  of  lamps,  as  in  the  case  of  the  10  foot  width  and  a 
little  too  narrow  for  two  rows.     For  the  purpose  of  tabulating  the 

TABLE  II.— SPACING  DISTANCES  FOR  OFFICE  LIGHTING 

WHEN    THE    CEILINGS    ARE    ABOUT    TWELVE   FEET     IN    HEIGHT 

Number  of  lamp  rows, 

1  lamp  at  centre 

2  rows. 


Width  (or  length)  of  office. 
Up  to  10  feet 
ID  to  14  feet 


14  to  22  feet 
22  to  30  feet 
30  to  38  feet 
38  to  46  feet 


3  row^s. 

4  rows. 

5  rows. 

6  rows. 


number  of  rows  of  lamps  necessary  for  offices  of  all  widths  based  on 
this  chart,  Table  II  was  prepared,  to  show  as  nearly  as  possible  the 
standard  spacings  as  chosen. 
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As  an  illustration,  assume  an  office  15  by  35  feet.  From 
Table  II  it  will  be  seen  that  three  rows  of  lamps  with  five  lamps  per 
row  are  required.  The  general  rule  to  be  followed  in  using  this 
table  is:  Space  all  lamps  next  to  walls  or  partitions  about  2.5  feet 
from  the  wall  and  so  arrange  the  remaining  lamps  as  to  be  equi- 
distant from  on  another. 

According  to  some  rules  the  floor  space  should  be  divided  up 
into  small  squares  and  one  lamp  located  at  the  center  of  each  square. 
This  method  has  been  tried,  but  it  was  found  in  some  cases  that  the 
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FIG.      2 — ONE      ROW      OF 

LAMPS 

Poor  scheme  if  of- 
fice is  crowded  with 
desks. 
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FIG. 


3 — TWO     ROWS     OF 
LAMPS 

A  good  arrange- 
ment for  an  office  of 
this    size. 


lamps  nearest  the  walls  were  so  far  out  that  an  additional  row  of 
lamps  was  necessary  in  order  to  take  care  of  desks  located  directly 
against  the  wall.  It  has  been  found  advisable  to  give  each  office 
careful  study  for  the  purpose  of  providing  for  desks  or  other  work 
located  against  the  walls,  and  particularly  in  cases  where  the  work- 
man faces  the  wall.  If  the  lamps  are  located  in  the  center  of  small 
squares,  as  called  for  by  the  rule  referred  to,  the  edge  lamps  will  be 
located  at  a  distance  from  the  wall  equal  to  one-half  the  spacing 
distance  between  lamps,  which  may  be  too  great.     In  the  offices 
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under  consideration  the  lamps  were  often  spaced  less  than  half  the 
spacing  distance,  from  the  sides  of  rooms,  but  not  more  than  this 
distance.  In  general  it  is  found  that  if  the  lanps  are  placed  from 
two  to  three  feet  from  the  sides,  desks  located  next  to  walls  will  be 
suitably  lighted. 

Regarding  certain  offices  which  appear  overlighted,  it  may  be 
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FIG.     4 — TWO    ROWS    OF    LAMPS 

These  lamps  are  the  proper 
distance  apart,  but  too  far 
from  sides  of  room  to  take 
care  of  side  desks. 


FIG.     5 — TWO    ROWS    OF    LAMPS 

These  lamps  are  the  proper 
distance  from  sides  of  room 
but  the  distance  between 
lamps  is  too  great. 


stated  that  for  office  work  an  intensity  of  about  three  foot-candles 
is  necessary  and,  based  on  this  fact,  the  number  of  watts  required 
may  be  determined.  The  office  shown  in  Fig.  2  may  be  taken  as  an 
illustration  of  such  a  case.  This  office  is  too  wide  for  one  row  of 
lamps  since  the  desks  along  the  walls  would  not  be  satisfactorily 
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lighted.  On  the  other  hand  it  is  almost  too  narrow  for  two  rows  of 
lamps,  since  a  reference  to  Fig.  3  shows  that  the  lamps  will  be  only 
five  feet  apart.     This,  however,  is  the  alternative. 


^ 
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SIZES    OF    LAMPS    AVAILABLE 

Having  chosen  the  plan  shown  in  Fig.  3,  the  size  of  lamps  is 

next  determined.  Experience  in- 
dicates that  four  25-watt  tung- 
sten lamps  will  be  somewhat 
too  small,  and  four  40-watt 
lamps  a  little  larger  than  neces- 
sary to  furnish  the  required  in- 
tensity, the  theoretical  size  of 
lamps  required  being  about  30 
watts.  As  intermediate  sizes 
of  lamps  are  not  available,  and 
the  use  of  a  lamp  too  small  for 
the  requirements  is  ruled  out, 
the  40-watt  lamp  is  the  alterna- 
tive. The  office  thus  lighted 
with  the  lamps  spaced  a  little 
closer  than  necessary,  so  that 
desks  along  the  walls  will  be 
taken  care  of,  and  where  the 
lamps  are  a  little  larger  than 
required,  on  account  of  a  lack 
of  intermediate  sizes,  receive 
the  criticism  of  being  over- 
lighted.  Hence  for  offices  of 
certain  sizes  it  is  impossible  to 
have  standard  spacings  and, 
even  when  coming  close  to  it, 
an  infinite  variety  of  sizes  of 
lamps    would   be   necessary   to 
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FIG.    6 — THREE   ROWS    OF   LAMPS 

This  is  a  good  arrangement  for  a 
room  of  this  size  when  crowded  with 
desks. 


provide  a  standard  intensity  of  light. 

Reference  to  Figs.  4,  5  and  6  will  show  another  case  where  the 
width  of  the  office  is  somewhat  too  small  for  three  rows  and  some- 
what too  large  for  two  rows.  Two  rows  might  be  used  as  shown 
in  Fig.  4  and  the  standard  spacing  of  7.5  feet  met,  but  to  do  this  the 
lamps  would  have  to  be  so  far  from  the  walls  as  to  yield  poor  re  • 
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suits  for  desks  along  and  facing  the  wall.  If,  as  in  Fig.  5,  the  two 
rows  of  lamps  are  so  spaced  that  they  take  care  of  desks  along  the 
wall,  then  the  space  at  the  center  of  the  office  is  not  well  lighted.  The 
alternative  is  to  use  three  rows,  as  shown  in  Fig.  6,  which,  while 
furnishing  excellent  light  over  the  entire  desk  surface,  is  open  to 
the  criticism  that  there  appear  to  be  too  many  lamps  in  the  office. 

The  usual  policy  in  all  cases  of  this  kind  was  to  lean  toward 
over,  rather  than  under-lighting.  Both  of  the  offices  referred  to  in 
the  preceding  paragraphs  are  excellent  examples  of  the  problems 
presented.    The^e  rjffic-os  me  a  little  too  narrow  for  one  scheme  and 


FIG.    7 — TYPICAL    OFFICE 

Showing  effect  of  tungsten  illumination. 
somewhat     too    wide    for    the    other.      In    each    case    the    larger 
number    was    decided    upon    in    order    to    provide    satisfactory 
light  without  the  addition  of  drop  lamps.     A  typical  office  is  shown 
in  Fig.  7. 

OTHER   FACTORS 

These  irregularities  of  size  are  constantly  encountered,  and  each 
case  should  be  given  separate  attention.  The  larger  number  of 
lamps  and  the  greater  satisfaction  attending  their  use  should  be 
weighed  against  a  smaller  number,  and  the  decision  based  on  the 
needs  of  each  office.     Usually,  however,  when  it  comes  to  making 
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a  decision  between  over  and  under  lighting,  it  is  best  to  err  on  the 
safe  side,  particularly  in  the  case  of  factory  offices  where  voltage 
conditions  are  sometimes  such  as  to  reduce  the  quantity  of  the  light, 
and  also  where  losses  of  light  due  to  dust  and  dirt  on  the  lamps  and 
reflectors  are  usually  large  enough  to  warrant  an  addition  to  the 
necessary  light  intensity  to  start  with,  so  that  the  average  may  be 
about  the  desired  value. 

The  matter  of  providing  different  intensities  of  the  light  for 
the  purpose  of  taking  care  of  varying  external  conditions  such  as 
color  of  surrounding  walls  and  ceiling,  is  greatly  simplified  by  hav- 
ing the  lamps  distributed  as  described  in  the  preceding  notes.  In 
such  cases  larger  or  smaller  lamps  and  reflectors  can  be  substituted 
if  a  dift"erent  intensity  is  found  necessary  after  the  installation  is 
completed,  without  in  any  way  destroying  the  uniformity  or  the 
acceptability  of  the  resulting  light. 

These  notes  apply  specifically  to  offices  where  the  ceiling  height 
ranges  from  eight  to  13.5  feet.  With  higher  ceilings  the  spacing 
of  lamps  may  be  somewhat  greater  and  the  size  of  lamps  larger  than 
indicated  in  the  foregoing.  The  greater  ceiling  height  permits  of 
satisfactory  distribution  of  the  light  with  increased  spacing,  and 
larger  lamps  may  be  used  to  advantage  both  on  account  of  the 
smaller  number  of  outlets  for  a  given  floor  space  and  also  because 
the  increased  mounting  height  reduces  the  effect  of  glare  which 
would  be  in  evidence  were  large  lamps  mounted  more  nearly  in  the 
line  of  vision. 

LIGHTING  CALCULATIONS 

A  difficulty  in  predetermining  exact  illumination  results  lies 
in  the  fact  that  the  illumination  secured  from  lamps  mounted  over- 
head is  affected  both  by  the  direction  and  distribution  of  the  light 
from  the  lamps,  and  by  the  additional  light  due  to  reflection  from 
ceiling  and  walls  in  the  one  case,  or  by  the  absorption  of  the  light 
on  very  dark  ceiling  and  walls  in  the  other.  Illumination  work, 
therefore,  can  scarcely  be  called  an  exact  science,  but  should  prop- 
erly be  classed  as  a  branch  of  work  in  which  experience  and  ex- 
periment  largely  predominate.  Theoretical  and  abstract  consid- 
erations undoubtedly  have  a  certain  bearing  on  the  case,  but  should 
rather  be  subservient  to  the  judgment  resulting  from  experience 
and  also  to  the  testimony  of  those  who,  in  using  various  kinds  of 
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light,  have  noticed  certain  physical  or  other  effects,  although  per- 
haps ignorant  of  the  scientific  side  of  illumination. 

From  this  viewpoint  it  is  not  difficult  to  realize  that  the  calcu- 
lation of  illumination  in  practical  cases  must  be  based  almost  en- 
tirely on  constants  which  have  resulted  from  other  installations  of 
a  similar  nature.  Evidently  then  the  most  simple  method  of  cal- 
culation in  illumination  work  is  to  measure  the  intensity  of  the  light 
on  the  working  surface  in  some  satisfactory  installation  where  cer- 
tain known  surrounding  conditions  exist,  and  observe  the  watts 
per  square  foot  required  to  produce  this  effect.  If  as  a  simple  il- 
lustration the  watts  per  square  foot  are  found  to  be  1.5  and  the  in- 
tensity on  the  working  surface  three  foot-candles,  a  constant  may 
be  found,  which  in  this  case  would  be  1.5-^3  =  0.5,  and  this  con- 
stant may  be  used  to  determine  the  watts  per  square  foot  required 
to  produce  unit  intensity  in  all  cases  of  a  similar  nature  where 
lamps  of  the  same  type  are  to  be  used. 

The  problem  then  in  finding  the  total  wattage  necessary  to 
provide  satisfactory  light  in  a  given  location  is  to  determine  by 
measurement  the  area  of  the  floor  space  in  square  feet.  This  area 
multiplied  by  the  watts  per  square  foot  required  to  furnish  unit 
intensity,  indicates  the  total  watts  required  in  order  to  provide  unit 
intensity  on  the  working  surface.  The  value  of  the  watts  per  foot- 
candle  when  multiplied  by  the  total  intensity  expressed  in  foot  can- 
dles necessary  for  the  work  in  question,  equals  the  total  watts  to  be 
installed.  Tables  are  now  available  giving  these  constants  based  on 
the  experience  of  others  in  a  variety  of  cases,  and  also  the  foot-can- 
dle intensity  required  for  various  kinds  of  work.  Some  tables  indi- 
cate a  constant  called  the  "lumens  per  watt,"  which,  put  in  simple 
language,  means  the  number  of  foot-candles  intensity  produced  per 
watt  per  square  foot  of  floor  space.  This  constant  is  the  reciprocal 
of  the  one  given  above,  and  when  used,  the  area  of  floor  space, 
instead  of  being  multiplied,  should  be  divided  by  this  constant. 


THE  INCANDESCENT  LAMP  IN  USE 

B.  F.  FISHER,  Jr. 

INCANDESCENT  lamps  are  commonly  considered  from  the 
point  of  view  of  the  single  unit  because  it  is  customary  to  see 
them  in  use  singly  or  in  small  groups.  A  single  lamp  is 
an  insignificant  piece  of  apparatus,  but  more  than  fifty  persons  have 
handled  the  various  parts  during  the  process  of  manufacture,  and 
these  parts  have  gone  through  many  distinct  and  different  opera- 
tions, a  considerable  number  of  which  require  a  high  degree  of  ac- 
curacy and  no  small  amount  of  that  faculty  so  rarely  found  in  the 
type  of  female  help  common  in  lamp  factories,  namely,  personal 
judgment.  Reference  is  made  to  this  because  so  many  of  the  opera- 
tions in  the  manufacture  of  an  incandescent  lamp  are  performed  by 
girls,  although  it  is  generally  understood  that  woman's  strength  lies 
in  intuition,  rather  than  in  personal  judgment. 

Have  you  ever  stopped  to  think  how  much  the  electrical  in- 
dustry as  a  whole  is  dependent  on  the  satisfactory  performance  of 
these  lamps ;  that  the  prosperity  of  the  entire  electrical  industry  is 
dependent  on  their  performance  and  that  the  great  electrical  man- 
ufacturing interests  could  not  have  reached  their  present  magnifi- 
cent proportions  for  years  to  come,  if  they  could  have  ever  reached 
them,  if  it  had  not  been  for  these  little  lamps  which  are  almost  over- 
looked in  their  insignificance.  No  matter  how  prosperous  the  elec- 
trical business  is  or  how  much  this  business  may  be  depressed, 
there  will  always  be  a  market  for  incandescent  lamps  so  long  as 
there  is  a  generator  left  in  operation.  In  a  period  of  retrenchment 
or  business  depression  operating  companies  can  stop  buying  gen- 
erators, transformers,  meters,  line  material,  and  those  greatest  of 
conveniences,  the  electric  heating  devices,  but  lamps  they  cannot 
stop  buying.  They  may  by  various  means  reduce  slightly  the  num- 
ber of  lamps  purchased,  but  so  long  as  current  is  generated  and  sold 
on  a  large  scale,  incandescent  lamps  must  be  bought. 

The  average  price  of  incandescent  lamps  is  about  22  cents  and 
this  price  is  steadily  growing  higher  notwithstanding  the  fact  that 
the  prices  of  incandescent  lamps  are  steadily  being  reduced.  This 
is  because  the  use  of  the  higher  priced  lamps,  such  as  the  metallized 
filament,  the  tantalum  and  the  tungsten  lamp,  is  steadily  increasing 
in  proportion  to  the  total  number  of  lamps  used.  The  average  con- 
sumption of  energy  by  incandescent  lamps  can  be  taken  as  approxi- 
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mately  50  watts,  and  during  the  average  life  of  a  lamp,  which  is  ap- 
proximately I  000  hours,  energy  to  the  amount  of  50  kilowatt-hours 
will  be  consumed.  At  seven  cents  per  kilowatt-hour,  the  average  price 
for  lighting  current,  this  energy  would  be  valued  at  $3.50,  which  is 
a  tidy  earning  capacty  for  an  insignificant  22  cent  article  with  a 
short  life.  The  value  of  the  energy  it  consumes  is  thus  fifteen 
times  the  cost  of  the  lamp  itself. 

When  we  leave  the  individual  lamps  and  consider  them  col- 
lectively, it  is  somewhat  like  departing  from  a  single  grain  of  sand 
to  the  hills  along  the  seashore.  From  the  most  reliable  reports  at 
hand  it  is  believed  that  the  value  of  the  incandescent  lamps  marketed 
during  the  past  year  was  in  excess  of  $18  000  000  and,  with  an  aver- 
age price  for  lamps  of  about  22  cents,  the  total  number  of  lamps 
marketed  was  in  excess  of  82  000  000.  It  is  estimiated  that  about 
70  percent  of  all  lamps  in  use  are  renewed  once  a  year  and,  if  this 
estimate  is  correct,  and  the  lamp  sales  last  year  amounted  to 
82  000  000  lamps,  then  the  lamps  in  use  last  year  were  in  the  vicin- 
ity of  120000000,  making  one  and  one-third  lamps  for  every  man, 
woman  and  child  in  this  country.  When  one  looks  on  lamps  in  this 
way,  their  insignificance  disappears  and  they  take  on  a  rather  im- 
portant economic  and  business  aspect. 

From  the  general  concensus  of  opinion  we  are  led  to  believe 
that  the  lamps  installed  average  between  one  and  one-half  and  two 
hours  burning  per  day,  which  for  the  365  days,  taking  the  lower 
figure,  would  make  550  hours  burning  per  year.  With  an  average 
consumption  of  50  watts  per  hour  these  120000000  lamps  would 
consume  3  300  000  000  kilowatt-hours  which  at  seven  cents  per 
kilowatt-hour  would  make  $231000000  as  the  annual  income  de- 
rived by  central  stations  for  the  current  consumed  by  incandescent 
lamps.  There  may  be  some  errors  in  including  in  this  grand  total 
such  lamps  as  are  used  in  street  railways  and  isolated  plants,  but 
the  error  in  the  income  secured  from  the  sale  of  current  consumed 
by  incandescent  lamps  is  not  great,  and  this  income  constitutes  the 
principal  source  of  revenue  for  our  central  stations.  It  is  from  the 
earning  ability  of  these  lamps  that  the  money  is  derived  with  which 
to  buy  generators,  switchboards,  transformers,  wattmeters,  etc.,  and 
it  is  on  the  volume  of  demand  for  this  class  of  apparatus  that  the 
prosperity  of  the  electric  map^afacturing  industry  in  general  is 
dependent. 

Consider  the  value  of  the  incandescent  lamps  consumed  on  the 
circuits  of  4  i  000  kilowatt  machine  if  operated  to  its  i\}\\  capacity 
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on  lighting  service.  Renewals  would  be  required  for  about  200OG 
lamps  per  year  and,  at  22  cents  per  lamp,  this  would  make  $4400 
in  net  value  for  the  lamps  consumed  per  year.  As  the  life  of  such  a 
generator  is  indeterminate,  an  average  service  of  twelve  years  has 
been  assumed  as  the  machine  would  be  apt  to  be  obsolete  at  the 
end  of  that  time.  In  these  twelve  years  the  value  of  the  incan- 
descent lamps  consumed  by  this  machine  would  be  in  the  neighbor- 
hood of  $52  000,  and  if  the  value  of  the  generator  and  switchboard 
for  such  a  machine  aggregates  $25  000,  the  value  of  the  incandescent 
lamps  used  is  about  double  the  value  of  the  large  station  apparatus. 
From  this  it  is  apparent  that  the  incandescent  lamp  business  is  not 
a  business  of  first  installation,  but  it  is  in  the  strictest  sense  of  the 
word,  a  business  of  renewals. 

This  question  of  renewals  brings  us  to  the  incandescent  lamp 
in  use  and  it  is  surprising  how  seldom  we  find  incandescent  lamps 
properly  used.  The  illuminating  engineer  will  tell  us  that  light 
sources  should  be  located  so  that  it  will  be  impossible  for  the 
direct  rays  of  light  to  enter  the  eye ;  that  the  amount  of  light  falling 
on  the  object  to  be  illuminated  should  be  a  maximum  and  that 
glare  should  be  eliminated.  They  also  go  into  great  detail  as  to  the 
foot-candle  values,  the  lumens  per  watt,  etc. 

The  user  of  lamps,  however,  is  liable  to  overlook  one  of  the 
most  important  points,  which  is  the  direct  relation  between  the  cost 
of  current  and  the  efficiency  at  which  lamps  should  be  operated, 

LAMP  EFFICIENCIES 

While  it  has  been  said  that  the  foundation  of  the  incandescent 
lamp  business  is  renewals,  this  might  lead  to  the  inference  that  the 
incandescent  lamp  manufacturer  desires  his  lamps  to  be  burned  out 
as  rapidly  as  possible.  With  our  present  quality  of  lamps,  how- 
ever, it  is  necessary  to  operate  them  at  higher  efficiencies  than  nor- 
mal in  order  to  shorten  their  lives  and,  while  it  may  seem  strange 
to  the  incandescent  lamp  consumer,  those  who  use  lamps  for  light- 
ing their  home,  factory,  store  or  office,  would  be  greatly  benefited 
by  operating  the  lamps  at  efficiencies  much  higher  than  is  customary 
to-day.  In  going  into  this  question  of  efficiencies  a  brief  explana- 
tion should  be  made  as  to  how  the  term  is  used,  so  that  there  can  be 
no  confusion  as  to  just  what  is  meant.  The  efficiency  of  incan- 
descent lamps  is  usually  expressed  in  terms  of  watts-per-candle, 
which  means  the  total  watts  consumed  by  the  lamp  divided  by  the 
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mean  horizontal  candle-power,  and  the  higher  the  efficiency  the 
lower  the  watts-per-candle.  Efficiency  as  used  by  the  lamp  man  is 
thus  the  reciprocal  of  efficiency  as  ordinarily  used.     To  illustrate, 

a  lamp  consuming 
1. 1 8  watts  per  can- 
dle is  operating  at  a 
hi  g  h  e  r  efficiency 
than  one  consuming 
two  watts  per  can- 
dle. 

Take  for  illustra- 
tion, a  so  watt  car- 
bon lamp  and  note 
how  the  cost  of 
producing  light  is 
affected  by  the  effi- 
ciency. The  relation 
between  the  cost  of 
current  and  the  effi- 
ciency at  which 
lamps  operate  is  a 
variable  following  a 
fixed  law  made  up 
of  the  two  elements- 
the  cost  of  lamps 
and  the  cost  of  cur- 
rent consumed.  The 
cost  of  current  con- 
sumed to  give  a 
definite  illumination 
value  or  a  fixed  can- 
dle-power varies  di- 
rectly with  the 
watts  -  per  -  candle 

FIG.    I — CURVE   SHOWING    MOST   ECONOMICAL   EFFICIENCY     aud     hcUCe    witll     tllC 

OF  50-wATT  CARBON  FILAMENT  LAMP  price    pcr    kilowatt^ 

Normal    operation    2.79    watts    per    candle-power;    ,  .p,  r 

16.83   candle-power;   700  hours   life;   20c— 20%=i6c   "OU^"-       ■"■"^    ^ost    01 

cost.    total  operating  costs ; en-   [amps   is  more  com- 

ergy  costs; cost  of  lamps.  ^j.^^^^^   .^  ^^^^    ^^^^ 

price  of  the  lamps  varies  inversely  as  the  quantity  purchased,  that  is, 
the  larger  the  number  of  lamps  purchased  per  year,  the  lower  the 
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price  per  lamp ;  and  the  larger  the  candle-power  capacity  of  the  lamp, 
the  lower  the  cost  per  candle-power.  If  the  wholesale  price  for  50- 
watt  carbon  lamps  is  assumed  at  16  cents  it  will  be  found  that  the 

cost  of  lamps  fol- 
io w  s  the  curve 
marked  A  in  Fig.  i, 
which  is  obtained  by 
dividing  the  cost  of 
the  lamp  by  the 
hours  life  it  would 
have  at  the  several 
watts  per  candle. 

The  total  cost  of 
producing  any  given 
amount  of  light  at  a 
given  price  for  cur- 
rent is  the  sum  of 
the  cost  of  lamps 
and  the  cost  of  cur- 
rent as  illustrated  by 
Fig.  I.  The  broken 
lines  show  the  cost 
per  hour  for  cur- 
rent at  different 
rates  when  produc- 
ing 16.83  candle- 
power  at  the  var- 
ious efficiencies  or 
watts  per  candle 
given  at  the  bottom 
of  the  figure.  The 
solid  curved  lines 

FIG.    2 — CURVE   SHOWING    MOST   ECONOMICAL   EFFICIENCY     SHOW    tne    tOtal    COSt, 

OF  40  WATT  METAij.i.zED  FILAMENT  made  up  of  the  cost 

Normal  operation  2.56  watts  per  candle;  15.6  can-  ^f  lamps  and  of  the 
die-power;  600  hours  life;  23c  less  2o7o=i8.4c  cost.  j      rr-i 

total  operating  costs; energy  energy  used.      Ihese 

costs; cost  of  lamps.  curves  are  based  on 

obtaining  16.83  candle-power  at  the  various  efficiencies  and  may  be 
applied  to  one  lamp,  which  at  the  different  efficiencies  will  give  differ- 
ent candle-power  values,  as  shown  by  the  lower  row  of  figures  at  the 
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bottom  of  the  Fig.  i  or  to  different  lamps  so  selected 
that  each  will  give  the  normal  candle-power  when  burn- 
ing at  a  particular  efficiency,  as  shown  by  the  upper  row  of  fig- 
ures. In  the  case  of  a  single  lamp  it  is  assumed  that  the  voltage 
is  so  adjusted  that  the  desired  watts  per  candle  are  obtained  and 
the  actual  candle-power  varies  as  given  in  the  lower  figures  at  the 
bottom  of  the  figure.  At  1.9  watts  per  candle,  for  example,  the 
candle-power  is  about  2>2>-7  or  approximately  double  the  16.83  can- 
dle-power on  which  the  curves  are  based.  The  curves  of  cost  in 
this  case  do  not  give  the  total  cost,  but  the  cost  per  16.83  candle- 
power,  hence  the  actual  cost  of  the  lamp  when  giving  33.7  candle- 
power  is  twice  that  given  on  the  curve.  On  the  other  hand  a  lamp 
may  be  chosen  which  at  1.9  watts  per  candle  will  give  16.83  candle- 
power.  In  this  case  the 
cost  given  on  the  curve 
applies  to  this  lamp. 
The  solid  line  passing 
through  the  lowest 
points  of  the  curves  of 
total  cost  is  the  line  of 
most  economical  oper- 


ation. From  these 
curves  it  can  be  seen 
that  for  current  costing 
as  low  as  0.5  cent  per 
kw-hr.  the  most  eco- 
nomical efBciency  is  3.7 


3 — APPROXIMATE    CHARACTERISTIC    CURVES    OF 
3.1    WATTS    PER    CANDLE    CARBON    LAMP 


watts  per  candle,  but  the  cost  of  producing  16.83  candle-power  hours 
increases  very  slightly  to  3.3  watts-per-candle,  so  that  the  difference 
in  cost  of  operating  lamps  at  the  most  economical  efficiency  of  3.7 
watts-per-candle  and  at  3.39  (which  is  known  as  the  "low  operating 
efficiency")  is  negligible,  whereas  if  current  costs  one  cent  per  kw-hr. 
the  most  economical  efficiency  is  3.25  watts-per-candle  (which  is 
a  higher  efficiency  than  the  low  operating  efficiency  of  car- 
bon lamps).  At  two  cents  per  kw-hr.,  the  most  economical  effi- 
ciency is  2.9  watts  per  candle  (which  is  above  2.97  watts  per  can- 
dle, the  "high  operating  efficiency"  of  carbon  lamps).  At  seven 
cents  per  kw-hr.,  which  is  the  average  cost  for  current  for  lighting 
service,  the  most  economical  efficiency  is  2.3  watts-per-candle, 
(which  is  ^t  present  materially  above  the  highest  efficiency  of  com- 
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mercial  carbon  lamps).  The  short  life  which  would  be  obtained 
at  this  high  efficiency  could  be  objected  to  on  account  of  the  fre- 
quent  renewals   necessary. 

The  cost  of  producing  15.6  candle-power  per  hour  by  means  of 
the  metallized  filament  lamp  at  the  different  costs  for  current  per 
kw-hr.  is  shown  in  Fig.  2.  At  one  cent  per  kw-hr.,  the  most  eco- 
nomical efficiency  is  3.4  watts-per-candle  (which  is  materially  be- 
low the  efficiency  of  commercial  metallized  filament  lamps).  At 
2.5  cents  per  kw-hr.,  the  most  economical  efficiency  is  2.8  watts- 
per-candle  (which  is  above  2.83  watts  per  candle,  the  "low  oper- 
ating efficiency"  of  the  commercial  metallized  filament  lamps).  At 
three  cents  per  kw-hr.,  the  most  economical  efficiency  is  2.65  watts 

per  candle   (which    is    the 
"medium      operating     effi- 
ciency"    for     commercial 
lamps),  and  at  seven  cents 
per    kw-hr.,     the     average 
cost  for  current,  the  most 
economical     'efficiency      is 
2.22    watts    per    candle 
(which  is  to-day  above  the 
highest      commercial      effi- 
ciency   for   metallized   fila- 
ment lamps)  and  might  oc- 
casion a  slight  amount  of 
annoyance   on   account    of 
the  frequent  renewals. 
These  curves   show   the  comparatively   small   amount   of   the 
total  cost  which  is  due  to  lamps  within  the  range  of  commercial  effi- 
ciencies and  the  relatively  high  amount  of  the  total  cost  which  is 
due  to  current.     The  increase  in  the  cost  on  the  left  of  the  curve  of 
Most  Economical  Efficiency  is  due  entirely  to  the  increased  cost  of 
lamp  renewals  and  the  increase  in  the  cost  to  the  right  of  this  curve 
is  due  entirely  to  the  increased  current  consumed  per  candle-power. 
Figs.  3  and  4  illustrate  the  characteristic  curves  for  carbon  and 
metallized  filament  lamps  showing  the  change  in  life  for  any  change 
in  voltage,  watts,  candle-power  or  watts-per-candle  and  are  used  in 
establishing  the  curve  of  cost  of  lamps.     At  the  average  cost  of 
current  of  seven  cents,  the  50  watt  carbon  lamp  is  most  economical 
at  2.3  watts  per  candle  at  which  efficiency  the  lamp  would  have  a 


FIG.  4 — APPROXIMATE  CHARACTERISTIC  CURVES 
OF  2.5  WATTS  PER  CANDLE,  METALLIZED  FIL- 
AMENT LAMP 
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life  of  about  250  hours,  and  from  the  point  of  view  of  the  average 
consumers  whose  current  costs  seven  cents  per  kw-hr.  or  more,  50 
watt  carbon  lamps  which  operate  at  2.3  watts  per  candle  and  live 
but  250  hours  are  more  economical  than  those  which  operate  at 
2.97  watts  per  candle  (the  "high  operating  efficiency"  of  commer- 
cial lamps),  and  live  700  hours.  The  cost  of  producing  16.8  can- 
dle hours  at  seven  cents  per  kw-hr.,  and  at  the  most  economical 
efficiency  of  2.3  watts  per  candle  would  be  0.338  cents  and  the  cost 
of  producing  the  same  candle-hours  at  2.97  watts-per-candle  would 
be  0.378  cents  or  18  per  cent  more,  notwithstanding  the  longer  life 
of  lamps  at  the  latter  watts  per  candle.  The  same  relation  be- 
tween the  cost  of  current  and  the  watts  per  candle  is  true  of  all 
lamps  and,  while  the  most  economical  efficiency  for  the  different 
classes  of  lamps  may  vary,  there  is  a  general  fixed  law  among  all 
lamps  which  divide  them  in  several  groups. 

For  all  costs  of  current  above  three  cents  the  most  economical 
efficiency  for  carbon  lamps  is  materially  above  the  high  operating 
efficiency  of  commercial  lamps;  between  three  and  two  cents 
the  most  economical  efficiencies  are  about  the  high  operating  effi- 
ciencies of  commercial  lamps  and  below  two  cents  the  most  econom- 
ical efficiencies  decrease  rapidly  so  that  at  one  cent  the  low  oper- 
ating efficiencies  are  the  most  economical. 

With  the  metallized  filament  lamp  the  low  operating  efficiency 
is  the  most  economical  at  two  cents  per  kw-hr.,  the  medium  oper- 
ating efficiency  at  three  cents  per  kw-hr.  and  the  high  operating 
efficiency  is  most  economical  at  four  cents  and  so  on  for  other 
classes  of  lamps. 

This  study  of  the  relation  between  cost  of  current  and  the 
watts  per  candle  for  the  most  economical  production  of  light  is  of 
importance  to  every  one  interested  in  the  electrical  business,  be- 
cause if  this  relation  were  properly  understood  the  cost  of  electric 
light  would  be  reduced,  the  field  of  electric  lighting  would  be  greatly 
extended  and  the  use  of  electricity  become  more  popularized. 


HUNTING  OF   SYNCHRONOUS  MACHINES 

B.  G.  LAMME 

IT  is  not  unusual  for  operators  of  synchronous  machinery,  such 
as  rotary  converters  or  synchronous  motors,  to  write  to  the 
builders  for  an  explanation  of  individual  cases  of  hunting  of 
their  synchronous  apparatus.  It  may  be  mentioned,  in  the  request, 
that  such  hunting  is  either  intermittent  or  continuous  and  a  few 
minor  suggestions  may  be  made  with  a  view  to  assisting  the  manu- 
facturer to  locate  the  cause.  In  the  majority  of  such  cases  the 
party  asking  for  such  information  is  unable  to  furnish  any  ma- 
terial evidence  as  to  the  true  symptoms  which  would  assist  in 
locating  the  source  of  the  trouble.  The  phenomena  of  hunting  are 
not  generally  understood  and  it  could  perhaps  well  be  assumed  that 
anyone  who  could  put  his  request  in  such  an  intelligent  manner  as 
to  allow  a  definite  and  satisfactory  answer  would  probably  be  fa- 
miliar enough  with  the  problem  to  locate  the  difficulty  himself. 

In  answering  such  questions  in  a  general  manner,  several 
causes  for  hunting  can  be  suggested  and  possible  remedies  offered 
which  may  be  of  assistance  in  analyzing  and  correcting  the  trouble. 

One  cause  of  hunting  in  a  synchronous  motor  or  rotary  con- 
verter is  found  when  the  ohmic  drop  in  the  supply  line  is  rela- 
tively great.  This  high  line  drop  may  be  caused  partly  by  other 
apparatus  on  the  same  circuit.  If,  therefore,  the  synchronous  mo- 
tor is  operating  normally  under  a  condition  where  the  ohmic  drop 
in  the  line  is  near  the  critical  point  which  will  cause  instability  of 
the  motor,  then  the  addition  of  a  little  load  on  the  same  line  may 
increase  the  line  drop  sufficiently  to  cause  the  synchronous  motor 
to  hunt.  The  amount  of  line  drop  permissible  before  hunting  oc- 
curs is,  to  a  certain  extent,  a  function  of  the  design  of  the  syn- 
chronous machine  itself.  If  the  field  of  the  motor  has  ample  dam- 
pers of  a  well-distributed  type,  the  permissible  line  drop  without 
hunting  will  be  greater  than  when  there  are  insufficient  d?.mpers  or 
no  dampers  at  all.  Also,  the  relative  proportions  of  the  armature 
and  field  windings  of  the  synchronous  motor  and  the  magnetic  ar- 
rangement of  the  parts  may  have  some  influence.  It  is,  therefore, 
impossible  to  give   any  definite  statement  in   regard  to  this  cause 
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and  its  cure,  except  to  say  that  if  the  ohmic  drop  in  the  line  is  rela- 
tively high,  say  15  percent  or  more,  then  the  best  course  would  be 
to  reduce  it  very  materially.  If  the  synchronous  motor  field  has  no 
dampers,  then  possibly  much  less  than  15  percent  ohmic  drop  in 
the  line  will  cause  trouble  and  should  be  remedied  in  the  same  way. 
This  remedy  could  consist  in  lowering  the  resistance  of  the  trans- 
mission line,  or  in  using  a  higher  voltage  on  the  line  by  means  of 
suitable  transformers. 

A  second  cause  of  hunting  in  synchronous  motors  or  rotary 
converters  may  be  found  in  irregular  action  of  the  prime  movers 
in  the  generating  system.  If  the  generating  machinery  tends  to 
hunt,  even  slightly,  then  a  synchronous  motor  on  a  circuit  from 
such  generators  may  tend  to  hunt  to  a  much  greater  extent,  espe- 
cially if  there  is  considerable  ohmic  drop  in  the  line  and  there  is 
but  little  damping  capacity  in  the  field  of  the  motor.  Such  hunt- 
ing at  the  generating  plant  may  occur  with  two  or  more  machines 
which  do  not  operate  well  in  parallel,  or  when  there  is  a  critical 
load  on  one  or  more  machines  which  causes  instability  in  the  prime 
mover  governing  apparatus.  In  fact,  there  may  be  a  number  of 
causes  for  slight  hunting  at  the  generating  plant  and  this  may  be 
periodic,  depending  upon  various  conditions.  Belt-driven,  water- 
wheel  driven  or  steam-turbine  driven  generators  are  less  liable  to 
cause  hunting  of  a  synchronous  motor,  than  engine  type  generators. 
If  the  prime  movers  of  the  engine  type  generators  are  direct- 
coupled  gas  machines,  the  conditions  are  even  worse  than  with 
steam  engines. 

A  third  condition  which  may  cause  hunting  in  a  synchronous 
motor  may  be  found  in  other  synchronous  apparatus  on  the  same 
system  which  is  unstable  and  tends  to  hunt.  One  synchronous  mo- 
tor or  rotary  converter  which  tends  to  hunt,  even  slightly,  may 
cause  other  synchronous  apparatus  to  hunt  even  to  a  greater  de- 
gree, especially  if  there  is  considerable  ohmic  drop  in  the  system. 
In  other  words,  one  hunting  machine  in  the  system  may  cause  dis- 
turbances in  all  other  synchronous  machinery  in  the  same  system. 
The  disturbing  machine  may  be  one  which  is  overloaded  at  times, 
or  which  has  insufficient  dampers,  or  which  has  too  great  an  ohmic 
drop  in  its  own  supply  lines.  Even  if  the  large  drop  is  only  in  its 
own  individual  line,  the  hunting,  if  once  established,  may  cause  os- 
cillations clear  back  to  the  generating  system,  which,  in  turn,  may 
set  all  the  svnchronous  apparatus  to  Inmting. 
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The  remedy  for  the  above  condition  is  to  have  the  synchronous 
machinery  well  damped  and  to  have  a  limited  ohmic  drop  in  each 
circuit.  An  additional  remedy  is  the  use  of  induction  motors,  es- 
pecially those  with  cage  type  secondaries,  located  in  the  immediate 
neighborhood  of  the  hunting  machine  and  on  the  same  supply  sys- 
tem. A  secondary  of  an  induction  motor  acts,  to  a  certain  extent, 
as  a  damper  on  fluctuations  in  the  frequency  of  the  supply  system. 
A  comparatively  small  induction  motor  may  quiet  the  hunting  of 
a  large  synchronous  motor.  One  instance  was  noted  where  a  100 
horse-power  induction  motor  operating  in  the  immediate  neighbor- 
hood of  two  250  kw  synchronous  machines  exerted  such  a  damp- 
ing action  that  the  synchronous  machines  would  not  hunt  when  the 
motor  was  connected  to  the  circuit,  but  would  hunt  badly  when  the 
induction  motor  was  not  running.  Induction  motors  of  compara- 
tively small  slip,  with  cage-wound  secondaries,  seem  to  exert  the 
best  damping  action.  A  number  of  small  motors  could,  of  course, 
exert  the  same  correcting  influence  as  one  larger  one. 

A  fourth  cause  of  hunting  on  a  synchronous  motor  may  be 
found  in  the  nature  of  the  load  on  the  motor.  If  the  motor  is 
carrying  a  load  which  can  pulsate  with  any  uniformity,  then  such 
pulsations  may  start  the  synchronous  motor  itself  to  hunting.  This 
condition,  however,  is  rather  unusual. 


NOTES  ON  FACTORY  POWER  COSTS 

H.  H.  HOLDING 

THE  growth  of  the  modern  factory  has  necessitated  the  intro- 
duction of  various  methods  of  transmitting  power  from  the 
prime  mover  to  the  individual  machines.  The  power  sys- 
tem as  appHed  to  a  manufacturing  plant  may  easily  be  separated 
into  two  divisions,  namely,  the  source  of  power,  and  its  trans- 
mission. 

TRANSMISSION 

Several  methods  of  transmitting  power  from  the  prime  mover 
to  the  machinery  have  been  devised.  The  system  most  commonly 
used,  however,  consists  of  various  arrangements  of  shafting  and 
belting,  and  it  is  this  system  which  will  be  considered  in  comparison 
with  electric  drive.  In  this  connection  it  is  well  to  remember  that 
an  electric  drive  as  applied  to  the  factory  is  purely  a  transmission 
system,  a  medium  for  transmitting  power  from  its  source  to  the  tool 
to  be  driven.  It  can  deliver  no  more  power  than  it  receives,  but  is, 
on  the  contrary,  subject  to  losses. 

If  a  factory  is  operated  through  a  shafting  transmission,  certain 
main  shafts,  at  least,  must  run  whether  the  factory  is  operating  at 
full  or  partial  capacity,  and  the  average  shaft  driven  plant  has  an 
entire  system  of  shafts  and  belts  which  must  be  run  to  operate  even 
one  department.  This  condition  makes  the  factory  one  huge  ma- 
chine whose  only  efficient  point  of  operation  is  full  load.  The  fric- 
tion load  of  such  a  factory  varies  with  the  nature  of  the  industry 
and  the  care  given  the  transmission,  but  it  is  rarely  less  than  20 
percent  of  full  load  and  is  frequently  60  to  75  percent. 

The  windage  of  high  speed  pulleys  and  belts  is  an  important 
factor  which  is  often  neglected ;  also,  the  friction  of  bearings  is 
greater  under  load  than  when  running  idle  and  is  difficult  to  meas- 
ure by  the  means  usually  at  hand.  So  the  actual  friction  load  of  a 
mechanically  driven  plant  is  more  or  less  of  an  uncertain  quantity. 
In  comparing  shaft  and  belt  drive  with  electric,  it  may  safely  be 
assumed  that  the  unknown  increment  of  loss  under  load  will  more 
than  balance  the  small  loss  in  electric  drive,  which  will  be  due  to 
methods  of  transmitting  power  from  motor  to  tool.  The  percentage 
losses  in  an  electric  drive,  if  it  is  properly  designed,  are  largely  inde- 
pendent of  load,  as  the  motor  itself  is  more  efficient  at  full  load,  and 
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the  wiring  system  is  more  efficient  at  light  load.  The  electric  system 
should  be  designed  as  nearly  as  possible,  to  have  the  same  efficiency 
throughout  the  varying  conditions  of  factory  output,  a  condition 
which  is  not  possible  with  any  mechanical  system  of  transmission. 
Consider  for  purpose  of  comparison,  a  factory  requiring  lOO 
horse-power  of  useful  work.  By  useful  work  is  meant  energy  deliv- 
ered to  the  tools  in  the  factory,  including  the  inherent  friction  of  the 
tools  themselves.  An  electric  transmission  can  be  devised  with  an 
efficiency  of  80  percent,  including  motor  and  line  losses,  so  a  belt 
transmission  of  equal  efficiency  at  full  load  will  be  assumed  for  com- 
parison. In  other  words,  in  order  to  deliver  100  useful  horse- 
power the  shafting  and  belt  loss  will  be  25  horse-power. 

The  two  systems  may  be  compared  by  referring  to  the  diagram 
in  Fig.  I.  Here  are  shown  two  figures  having  equal  bases  and  alti- 
tudes. The  unshaded 
portions  are  equal  and 
represent  equal  useful 
work  from  zero  at  the 
apex  to  100  horse-pow- 
er at  the  base.  The 
shaded  parallelogram 
in  A  represents  a  shaft- 
ing load  of  25  horse- 
power, and  has  the 
same  width  from  top  to 
bottom,  while  the 
shaded  triangle  in  B  represents  losses  in  the  electric  transmission 
and  varies  in  width  from  zero  at  no  load  to  25  horse-power  at  full 
load.  A  horizontal  line  drawn  through  these  figures  at  any  point 
will  be  divided  into  two  parts ;  a  light  and  a  shaded  part.  The 
ratio  of  the  length  of  the  light  part  of  the  line  to  its  entire  length 
will  be  the  efficiency  of  the  factory  at  the  point  of  factory  load. 
Thus  a  line  XY  and  X'Y'  drawn  one-fourth  from  the  top,  shows 
the  efficiency  at  one-fourth  full  load.  If  XY  is  eight  inches  long, 
ZY  is  four  inches  long;  hence  ZY  equals  one-half  or  50  percent.  If 
X'Y'  is  five  inches  long  Z'Y'  is  four  inches  long;  hence  Z'Y'  equals 
80  percent.  At  one-half  load,  the  relative  efficiencies  are  66  2/3 
and  80  percent.  At  three-fourth  load,  75  percent  and  80  percent. 
At  full  load  the  efficiencies  are  equal,  as  assumed,  both  being  80 
percent. 


FIG.    I — COMPARISON   OF   SHAFT   DRIVE  AND 
ELECTRIC   DRIVE 

A — Shaft  drive.     B — Electric  drive.    The 
shaded  portion  represents  losses. 
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The  average  factory  operates  at  about  25  percent  of  its  capac- 
ity throughout  the  year,  so  the  relative  efficiencies  of  the  two 
drives  are  about  50  percent  shaft  drive  and  80  percent  electric 
drive ;  this  is  assuming  the  same  full-load  efficiency.  If  the  usual 
condition  of  high  friction  loss  in  the  shaft  driven  factory  prevails, 
the  comparison  in  favor  of  electric  drive  is  much  more  marked.  In 
the  comparison  just  made  it  is  assumed  that  the  electric  drive  is 
designed  so  that  the  useful  work  bears  a  constant  relation  to  the 
total  input  of  the  system. 

The  theoretically  ideal  system  is,  therefore,  one  having  the 
tools  driven  by  individual  motors.    This  arrangement  is  not  always 

practicable,  however,  as  for  exam- 
ple, when  the  tools  are  small  with 
a  small  power  requirement,  or  when 
the  operating  current  is  purchased 
at  a  rate  involving  the  total  con- 
nected horse-power  in  the  system. 
The  first  exception  is  because  of  the 
low  efficiency  of  very  small  motors, 
say  below  one-half  horse-power, 
and  the  second  because  the  total 
horse-power  connected  will  be  high, 
with  a  correspondingly  high  rate 
for  the  current.  A  combination  of 
group  and  individual  drive  can  usu- 
ally be  devised  which  will  approxi- 
mate the  ideal  and  in  some  cases 
FIG.  2-EFFiciENCY  AND  COST  CURVES    gfoup     drivc     will    accomplish     an 

A    and  B,   efficiency  curves;    C     equally  good  arrangement, 
and  D,  cost  curves    demand  rate;  -pj^^  ^^^^  ^^  ^^^  j^         motors  is  a 

A   and  D,  for  yz  lip  motors;   B  J^ 

and  C,  for  1-15  hp  motor.  common    fault.      With    the    direct- 

current  motor  the  tendency  is  toward  over  motoring.  The  in- 
duction motor,  being  free  from  moving  contacts,  lends  itself  more 
readily  to  sudden  overloads  without  destructive  effects,  and  therein 
lies  the  secret  of  the  success  of  polyphase  motor  drive  in  the  fac- 
tory. A  W'Cll  designed  polyphase  motor  has  a  high  efficiency  from 
one-half  load  to  one  and  one-half  load  and  can  carry  larger  loads 
for  a  brief  time.  It  can,  therefore,  be  applied  of  such  size  as  to 
operate  normally  near  full-load  and  still  be  able  to  carry  abnormal 
loads  when  the  demand  is  made  upon  it  without  the  loss  of  either 
efficiency  or  durability. 
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The  effect  of  proper  grouping  upon  the  efficiency  of  a  factory 
drive  is  shown  in  Fig.  2.  Assume  a  shaft  of  100  feet  length  with  12 
bearings  and  about  20  tight  and  loose  pulleys,  for  operating  a  group 
of  tools  which  can  be  run  successfully  by  a  15  horse-power  motor. 
The  efficiency  of  the  system  is  shown  in  curve  B,  it  being  assumed 
that  the  belts  are  shifted  to  loose  pulleys  as  the  tools  are  shut  down. 
The  efficiency  falls  rapidly  as  the  load  goes  off  because  of  the  fixed 
loss  in  the  shafting  and  the  drop  in  efficiency  of  the  motor  under 
light  load. 

If  the  same  shaft  is  divided  into  three  lengths  and  each  section 
driven  by  a  five  horse-power  motor,  and  the  group  shut  down  by 
stopping  the  motors  as  the  tools  go  out  of  service,  the  efficiency  of 
the  system  will  be  as  shown  by  a  curve  such  as  ^.  A  high  efficiency 
is  maintained  beyond  one-fourth  load.  Curves  C  and  D  represent 
the  cost  per  month  for  various  percentages  of  useful  work  at  the 
demand  rate  of  a  large  eastern  electric  company,  showing  also  the 
advantages  of  the  use  of  three  smaller  motors  over  the  one  larger 
one  at  light  load  with  central  station  service.  This  is  due  in  part 
to  the  greater  efficiency  of  the  transmission  system  as  shown  by  A 
and  B,  and  in  part  to  the  fact  that  the  rate  for  current  assumes  a 
lower  demand  for  the  three  motors  than  for  the  one  15  horse-power 
motor. 

The  foregoing  illustration  is  used  merely  to  show  the  funda- 
mental principle  involved  in  motor  application  to  factory  operation. 
The  application  of  this  principle  necessitates  a  study  of  the  require- 
ments of  special  cases.  There  are  in  nearly  every  industry  some 
characteristic  in  which  motor  drive  will  show  a  decided  advantage 
other  than  in  transmission.  Some  of  these  may  be  briefly  men- 
tioned : — 

Homogeneity  of  product  due  to  evenness  of  speed. 

Increased  product  due  to  maintenance  of  speed. 

Cleanliness  due  to  fewer  dirt-carrying  belts. 

Better  light  and  decreased  fire  risk  due  to  absence  of  vertical 
belts  from  floor  to  floor  with  attendant  belt  chutes  or  floor 
openings. 

Increased  facilities  for  handling  material  during  process  of 
manufacture,  because  of  ability  to  arrange  machinery  to  advantage 
in  a  given  floor  space. 

Decreased  liability  to  injury  of  operators,  because  of  ease  of 
stopping  departments  independently.     Lessened  strain  on  buildings 
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because  of  absence  of  very  large  shafts  and  consequent  vibrations 

Better  sanitation  because  of  ability  to  isolate  departments  with 
attendant   dust   or  noxious    fumes. 

Distant  control  of  apparatus  possible. 

Automatic  operation  easy  to  attain. 

A  comprehensive  list  of  motor  applications  for  various  opera- 
tions in  the  industries,  would  be  too  long  to  enumerate  here,  but 
the  power  engineer  will  gradually  accumulate  a  mass  of  data  which 
will  help  him  greatly  in  making  up  an  intelligent  engineering  re- 
port. The  advice  of  specialists  should  be  sought  in  particular  ap- 
plications. The  builders  of  shop  tools  are  gradually  adapting  their 
product  to  motor  drive,  in  many  cases  a  special  motor  being  re- 
quired for  a  peculiar  adaptation.  The  more  prominent  motor 
manufacturers,  however,  have  a  standard  line  of  motors  with  varying 
characteristics,  and  it  is  nearly  always  possible  to  select  a  standard 
motor  for  use  in  the  factory,  which  is  well  adapted  to  the  re- 
quirements. 

THE    SOURCE    OF    POWER 

In  determining  the  source  of  electrical  energy  for  the  opera- 
tion of  an  electrically  driven  factory,  there  are  two  methods  of 
supply  to  be  considered,  viz.,  a  privately  operated  plant  and  powen 
purchased  from  a  central  station. 

The  private  plant  has  two  elements  making  up  the  cost  per 
kilowatt-hour. 

I — Those  costs  which  may  be  classified  under  investment. 

2— Those  costs  which  are  due  to  operating  expense. 

The  first  set  of  costs  are  too  often  entirely  neglected  or  are 
given  too  little  analysi.^  -.vith  respect  to  the  operating  conditions  in 
the  factory. 

In  considering  the  efficiency  of  the  transmission  system  it  is 
found  that  the  ratio  of  useful  work  to  total  work  determines 
largely  the  saving  to  be  made  by  substituting  electric  operation  for 
shaft  drive.  The  average  operating  conditions  as  to  power  re- 
quired for  useful  work  is  also  an  important  factor  in  determining 
the  cost  per  kilowatt-hour  of  the  electrical  energy  supplied  for 
operation.  The  source  of  supply  must  be  sufficient  to  furnish 
energy  for  the  maximum  requirement.  Hence  the  private  plant 
which  we  shall  now  consider  must  be  large  enough  to  supply  the 
transmission  system  during  the  time  of  maximum  output.  The  re- 
lation of  maximum  and  average  power  requirement  varies  in  dif- 
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ferent  industries  and  a  knowledge  of  this  relation  is  necessary  in 
computing  the  cost  of  energy  per  unit  output  of  factory. 

The  ratio  of  average  requirement  to  the  maximum  is  usually 
expressed  in  percentage  and  is  called  "load  factor".  The  load  fac- 
tor varies  from  nearly  100  percent  in  electrolytic  work  to  five  per- 
cent or  less  in  woodworking  shops. 

The  operation  of  a  private  plant  at  100  percent  load  factor  has 
the  disadvantage  of  no  reserve  and  is,  therefore,  undesirable  be- 
cause of  the  danger  of  breakdown  and  consequent  loss  in  factory 
output.     On  the  other   hand,   the   carrying  of   a   duplicate    plant 

throughout  has  the  disad- 
vantage of  consequent  low 
load  factor  and  is  objec- 
tionable, as  will  be  shown. 
Consider  first  the  cost 
due  to  investment.  The 
first  cost  of  the  plant  is 
made  up  of  : — G  round 
space  for  power  house; 
buildings;  generators  and 
prime  movers;  boilers,  gas 
producers  or  fuel  using  de- 
vices;  auxiliaries,  such  as 
pumps,  condensers,  etc. ; 
piping,  switchboards,  ca- 
bles   etc      The    v  e  a  r  1  y 

FIG.    3— INVESTMENT    COST    CURVES  "'■^^'     cn„.         x  j  j 

Based  on  investment  of  $125  per  kw  ca-  charges  against  the  invest- 

pacity,  $18  per  year  fixed  charge.  j-,-,gnt  are  made  up  of  depre- 

A — 300  days   operation  per  year.  ... 

5—365   days   operation   per  year.  Ciatlon,    interest,    taxes,    m- 

surance,  rental  value  of  ground  and  building  space,  etc. 

If  an  investment  of  $125  per  kw  capacity  be  assumed,  a  yearly 
charge  of  $18  is  fair.  This  will  be  made  up,  for  example,  of  :— 
Depreciation,  8  percent ;  interest  (average)  3  percent ;  taxes,  insur- 
ance, etc.,  3.4  percent;  total,  14.4  percent. 

In  a  year  of  365  days  there  are  8  760  hours.  If  the  $18  yearly 
charge  is  spread  over  the  entire  year  a  charge  of  0.205  cent  per 
hour  will  obtain.  Hence,  if  the  entire  plant  is  operated  at  full 
capacity  throughout  the  entire  8  760  hours  per  year,  the  cost  due  to 
investment  is  0.205  cents  per  kilowatt-hour.  As  the  hours  of  full- 
load  operation  decrease  the  charge  per  kilowatt-hour  increases  as 
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shown  in  Table  I  and  Fig.  3.  From  this  figure  it  may  be  seen  thar 
if  the  plant  operates  at  full-load  for  ten  hours  per  day,  the  invest- 
ment charge  is  0.49  cent  per  kilowatt-hour.  If  300  days  are  taken 
as  the  average  working  year,  the  charge  for  ten  hours  is  0.6 
cent.  By  taking  0.6c  as  the  investment  cost  per  kilowatt-hour  on  a 
plant  operating  10  hours  per  day  during  a  300  hour  year,  Table  II 
may  be  derived  showing  the  charge  to  apply  under  various  load 

TABLE  I— INVESTMENT  COST  PER  KILOWATT-HOUR 

Based  on  full  load  operation  for  365  days  of  24  hours  each.    Fixed  charge — 
$18.00  per  year  per  kilowatt  installed. 


Hours  Use 
Per  Day 

I 

5 

8          9     1     10 

12 

18 

20 

24 

Cents  per 
Kilowatt-Hour 

4.92 

0.98 

1 
0.61      0.54      0.49 

0.41 

0.27 

0.24 

0.205 

factors.  Fig.  4  shows  in  plotted  form  the  variation  of  the  charge 
at  10  hour  operation.  In  Fig.  5  the  lower  group  of  curves  show  the 
variation  with  several  different  plant  costs,  from  $50  per  kilowatt 
to  $150  per  kilowatt.  The  upper  group  of  curves  shows  the  total- 
kilowatt-hour  cost  for  several  different  plant  costs  and  operating 
costs.  It  is  seen  that  at  25  percent  load  factor,  which  is  a  very 
common  operating  condition,  a  plant  could  be  used  costing  only 
$50  per  kilowatt  with  an  operating  cost  of  three  cents  per  kilowatt- 
hour,  and  obtain  a  kilowatt-hour  cost  practically  the  same  as  though 


TABLE  II— INVESTMENT  COST  PER  KILOWATT-HOUR 


Based  on  full  load  operation  for  300  days  per  year,  10  hours  per 
charge  $18.00  per  year  per  kilo'watt  installed. 

day.     Fixed 

Percent 
Load  Factor 

10 

20 

25      30   I  35 

40 

45        50 

55 

60  ,    75 

Cents  per 
Kilowatt-Hour 

6 

3 

2.4      2        1.7 

1-5 

1.33        1.2 

1.09 

I       0.8 

tliere  were  used  either  a  $125  plant  with  operating  cost  at  1.5 
cents  or  a  $150  plant  with  one  cent  operating  cost.  With  less  than 
25  percent  load  factor  the  cheaper  plant  shows  a  cheaper  kilowatt 
cost,  but  with  a  load  factor  greater  than  25  percent  the  more  ex- 
pensive plant  shows  an  advantage. 

Using  the  investment  curves  in  Fig.  5,  by  the  process  of  pro- 
portion, the  overhead  cost  can  be  obtained  for  any  cost  of  plant  for 
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any  load  factor  assumed  for  a  factory,  or  for  any  assumed  yearly 
investment. 
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FIG.   4 — INVESTMENT   COST   CURVES 

$18  per  year  fixed  charge.    10  hour  day   for 
365  and  300  day  year. 

For  example,  the  curve  of  the  $100  plant  cost  at  30  percent 

load  factor  shows  1.6  cents  overhead  cost  per  kilowatt-hour,  with 


FIG.   5 — INVESTMENT  AND  TOTAL  COST  CURVES 

300  days  per  year,  10  hours  per  day,  14  per- 
cent per  year  fixed  charge. 

$18  yearly  investment  charge.     Required  to  find,  at  the  same  load 

factor,  the  charge  for  a  $15  yearly  fixed  cost.    The  proportion  then 
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is,  —  ^^'=j^;  or  ^'^^^''^  =  1-34  cents  per  kilowatt-hour  at  $15  fixed 
charge. 

Example:  If  1.34  cent  is  the  overhead  cost  at  10  hour  opera- 
tion, what  will  be  the  cost  at  23  hour  operation?  ^•^'j,^  ^'^  —  0.58 
cent 

TABLE  III— LABOR  COST  WITH  VARYING  LOAD  FACTORS 


Load  Factor,  Percent 

10 

20 

30 

40 

.0 

60 

Labor  Cost  per 
kw-hr. — cents 

3            1.5 

1 

I 

0.75           0.6 

0.5 

Operating  Expenses:- — -The  second  set  of  costs,  classified  as 
"Operating  Expenses",  is  not  so  easy  to  determine,  as  it  is  made  up 
of  a  number  of  variables.  The  principle  items,  however,  are  labor, 
fuel,  oil,  waste,  water  and  incidentals.  All  of  these  vary  with  the 
size  and  cost  of  the  plant  and  with  the  load  factor.  For  the  sake 
of  comparison  we  can  assume  some  values,  for  example,  assume  a 
100  kw  plant,  which  is  a  common  size  for  a  factory.  It  can  be  run 
by  an  engineer  who  does  his  own  firing.  If  he  is  paid  $75  per 
TABLE  IV— TOTAL  EXPENSES— CENTS  PER  KILOWATT-HOUR 


$50  per  kilowatt  plant  at  12  pounds  coal  per  kilowatt-hour.                | 

Percent  Load  Factor 

20 

30 

40 

50 

75 

100 

Labor 
Coal 

Incidentals 
Investment 

1.5 
2.0 
0.3s 
1.2 

I.O 

2.0 
0.35 
0.8 

0.75 
2.00 
0.35 
0.6 

0.6 
2.0 
0.35 
0.48 

0.45 
2.0 

0.36 

0.3 
2.0 
0.35 
0.24 

Total  Cents  per  Kw-Hr. 

S.05 

4.X5 

3/0 

343 

3.16 

2.89 

$150  per  kilowatt  plant 

at  7  pounds  coa 

per  kilc 

)watt-houi 

Labor 
Coal 

Incidentals 
Investment 

1-5 
1. 17 
0.2s 
3.6 

1.0 

1. 17 
0.2s 
2.4 

0.7S 
1. 17 
0.2s 
1.8 

•5 

1.17 
0.2s 
1.44 

45 
1. 17 
0.25 
1.08 

•30 

1. 17 

0.25 

•0.72 

Total  Cents  per  Kw-Hr. 

6.52 

4.82 

3.97 

346 

2.95 

2.44 

month  the  cost  per  hour  is  30  cents.    With  varying  load  factors  the 
cost  per  kilowatt-hour  for  this  item  will  be  as  given  in  Table  III. 

The  fuel  costs  per  kilowatt-hour  will  vary  somewhat  with  the 
load-factor  but  not  sufficiently  to  consider  in  this  rough  comparison. 
This  cost  will  vary  greatly,  however,  with  the  cost  of  the  plant  and 
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with  its  care  and  attention.  The  oil,  waste  and  water  will  vary 
with  the  cost  of  the  plant  and  its  attention. 

Let  us  compare  two  plants  of  100  kilowatts  capacity  of  extreme 
values,  say  $50  per  kilowatt  and  $150  per  kilowatt.  We  will  as- 
sume that  the  $50  plant  requires  12  pounds  of  coal  per  kilowatt- 
hour  and  the  $150  plant  uses  seven  pounds.  Assume  that  the  coal 
costs  $3.50  per  short  ton  delivered.  With  these  assumptions  Table 
IV  gives  the  values  at  various  load  factors,  the  investment  charge 
being  taken  for  ten  hour  operation,  300  days  per  year. 

The  values  given  in  Table  IV  are  plotted  in  Fig.  6.  It  is  shown 
that,  with  the  assumed  values  of  coal  consumption,  etc.,  the  expen- 
sive plant  is  cheaper  at  load  factors  greater  than  50  percent,  while 
for  lower  load  factors  the  greater  investment  charge  of  the  more 
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FIG.    6 — TOTAL   COST   CURVES,    100   KW   PLANT 

$150  per  k\v  plant  burning  7  lbs.  coal  per  kw-hr.,  and  $50 
per  kw  plant  burning  12  lbs.  coal  per  kw-hr.,  coal  costing  $3.50 
per  short  ton. 

costly  plant  outweighs  its  efficiency.  These  curves  show  very 
clearly  the  effect  of  the  investment  charge  upon  the  kilowatt  cost 
of  current  produced  by  a  private  plant.  It  is  quite  evident  that  the 
average  kilowatt-hour  output  of  the  plant  is  the  determining  factor 
of  the  cost,  and  not  the  efficiency  of  the  plant  itself,  because  a  plant 
of  high  efficiency  is  expensive  in  first  cost  and  the  overhead  cost 
thus  involved  overbalances  the  saving  in  operating  cost  unless  the 
load  factor  is  high. 

The  problem  of  load  factor  is  one  which  the  central  station 
manager  has  faced  for  years.     That  the  factory  manager  has  just 
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begun  to  realize  its  presence  is  evidenced  by  the  increasing  number 
of  power  customers  of  the  central  station  at  rates  which  have  here- 
tofore been  considered  excessive  by  the  factory  managements.  The 
integrating  wattmeter  shows  a  surprisingly  low  energy  consumption 
for  the  average  factory,  as  compared  to  the  maximum  demand ;  thus 
the  average  low  load  factor  of  factories  has  become  apparent. 
CONCLUSION 

The  load  factor  is  the  important  condition  which  determines 
the  advantage  to  be  gained  in  both  transmission  of  power  in  the 
factory  and  in  the  source  of  current  for  an  electric  drive.  The 
lower  the  load  factor  the  greater  the  advantage  of  electric  drive 
over  other  methods  of  transmission.  The  higher  the  load  factor 
the  cheaper  the  rate  per  unit  of  energy  whether  the  current  be  pro- 
duced by  a  private  plant  or  purchased  on  a  demand  basis.  As  the 
factory  manager  becomes  better  advised  as  to  his  operating  condi- 
tions with  respect  to  load  factor  it  is  easier  for  the  central  station 
to  show  him  the  advantages  of  purchased  current.  Lack  of  knowl- 
edge on  the  part  of  the  manufacturer  as  to  the  actual  power  re- 
quired in  a  given  time  is  the  greatest  barrier  to  the  power  man's 
argument  for  purchased  current. 

The  application  engineer  should  make  himself  a  specialist  in 
power  transmission,  and  in  addition  should  become  sufficiently 
familiar  with  the  peculiarity  of  the  industries  in  his  immediate 
territory  to  advise  his  clients  as  to  best  methods  of  motor  applica- 
tion. He  should  profit  not  only  by  his  own  experience,  but  also 
by  that  of  others  in  the  same  line  of  work.  A  pointer  thus  ob- 
tained will  often  prevent  misapplication  and  misapplication  is  re- 
sponsible for  most  of  the  dissatisfied  users  of  electric  power.  The 
power  salesman  has  not  well  performed  his  task  if  he  merely  signs 
his  prospect  and  leaves  him  to  use  his  purchased  current  in  a  waste- 
ful manner.  The  signing  of  the  customer,  however,  will  not  often 
be  accomplished  without  giving  him  an  intelligent  idea  of  what  elec- 
tric drive  from  purchased  current  can  be  expected  to  accomplish 
for  him.  Comparisons  of  load  factors  of  various  industries  will  be 
of  slight  avail  unless  a  comparison  of  motor  application  goes  with 
it,  as  the  consumption  of  current  can  often  be  varied  greatly  by 
changing  the  groupings  of  the  tools.  For  example,  the  load  factor  of 
a  brass-working  shop  was  changed  recently  from  50  percent  to  28 
percent  by  changing  the  grouping  of  the  tools,  so  that  those  usually 
operated  at  the  same  time  were  grouped  together,  without  reducing 
the  total  shafting  length  or  adding  to  the  connected  horse-power. 


A  CONVENIENT  METHOD  FOR  DETERMINING 
GRADES 

G.  M.  EATON 

AN  APPROXIMATE  means  of  measuring  the  percent  grade 
of  railway  tracks,  particularly  applicable  in  coal  mining 
work  where  tools  are  scarce,  is  oftered  by  the  use  of  an  or- 
dinary woven  tape  line  such  as  is  almost  always  available.  The 
method  consists  briefly  in  forming  three  lengths  of  the  tape  into  a 
right  triangle  and  using  the  remainder  of  the  tape  and  the  reel  as  a 
plumb  bob,  as  shown  in  Fig.  i.  A  triangle  with  one  vertical  and 
one  horizontal  side  is  thus  obtained,  and  the  distance  from  the  vertex 
of  the  right  triangle  to  the  rail  with  the  triangle  in  position  gives  a 


Cteast  tape  al 
of  rail  or  timber  laid  on  rail 


-DIAGRAM     SHOWING     METHOD     OF     FINDING 
GRADES  BY  USE  OF  TAPE  LINE 


direct  measure  of  the  grade  in  percent.  The  results  obtainable  by 
the  method  here  described  are  fully  as  accurate  as  other  data  used 
in  preparing  a  mine  haulage  proposition. 

Application— The  first  operation  consists  of  reeving  the  tape 
through  the  end  eye  as  in  Fig.  2.  Stick  a  common  pin  through  the  tape 
just  beyond  the  12  foot  mark.  (See  Fig.  i.)  Continue  pulling  the 
tape  through  the  end  eye,  until  the  pin  comes  into  contact  with  the 
eye.  The  pin  should  be  located  so  that  the  horizontal  center  line 
of  the  end  eye,  Fig.  i,  is  just  on  the  12  foot  mark.  The  tape  should 
then  be  creased  sharply  at  the  four  foot  and  nine  foot  lines  and 
tucked  under  the  reeling  handle  below  the  12  foot  line.     It  should 
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then  be  tied  to  the  rail  at  A,  care  being  taken  that  the  binding  cord 
creases  the  tape  accurately  on  the  four  foot  line.  If  the  character 
of  the  mine  floor  is  such  that  a  pocket  D  can  easily  be  excavated, 
this  will  simplify  matters,  as  the  distance  A'  can  then  be  read  direct- 
ly from  the  tape.  If  it  is  not  convenient  to  do  this,  the  distance  X 
can  be  measured  with  the  slack  tape.  If  two  men  are  available 
for  making  the  grade  measurements,  it  will  be  found  most  con- 
venient for  one  man  to  hold  the  tape  at  B  and  C,  while  the  other 
reads  or  measures  the  distance  X.  B  should  be  held  by  a  string  or 
wire  loop  which  creases  the  tape  accurately  on  the  nine  foot  line. 
The  ring  at  C  should  be  held  by  its  sides,  between  the  thumb  and 
finger,  being  pulled  back  sharply  in  the  direction  H  to  avoid  sag  in 
AC.  B  and  C  should  be  so  adjusted  that  the  ring  is  just  clear  of 
the  pin  vertically,  and  the  tape  is  just  clear  of  the  end  of  the  ring 
horizontally.  BC  will  then  be  vertical  since  it  is  located  by  the  tape 
reel  acting  as  a  plumb  bob. 

The  triangle  ABC,  Fig.  i,  having  sides  in  the 

Ijj  ratio  3:4:5,  is  a  right  triangle;  therefore,  AC  is 
_  y/  horizontal,  provided  BC  is  vertical  and  the  tri- 
angle is  held  as  indicated  above.  The  side  AC  \s> 
48  inches  long.  One  percent  of  48  inches  equals 
48/100  inches,  or  practically  one-half  inch.  There- 
fore, every  half  inch  of  the  distance  X  represents 

FIG.    2 — METHOD    OF  .         ^    .  ^        r  j 

REEVING     TAPE  approxmiatcly  one  percent  of  grade. 

LINE    THROUGH  StHctly  spcakiug,  the  rise  X  should  be  meas- 

ured with  relation  to  the  rail  length  AG  instead 
of  the  horizontal  projection  AC.  Within  the  limits  imposed  by 
adhesive  operation,  however,  the  discrepancy  is  negligible.  The 
"half  inch  per  percent"  rule  involves  in  itself  an  error  of  slightly 
less  than  two  percent,  i.  e.,  the  actual  grade  is  slightly  more  than 
one  percent  per  half  inch.  The  total  inherent  error  from  these  two 
causes  is  thus  equal  to  their  dilTerence.  With  reasonable  care  it 
is  possible  to  read  to  the  nearest  half  of  a  percent  of  grade,  which 
is  ordinarily  sufficiently  accurate  for  commercial  work. 


WINDING  OF  DYNAMO-ELECTRIC  MACHINES-XIII 

CHECKING  OF  CONNECTION  DIAGRAMS  ON  THREE-PHASE  MACHINES 
H.  C.  SPECHT 

ONE  of  the  fundamental  considerations  in  connection  with 
three-phase  alternating-current  circuits  is  that,  if  at  a  given 
instant  the  current  in  two  of  the  lines  flows  in  one 
direction,  the  current  in  the  third  line  flows  in  the  opposite  direc- 
tion. On  this  instantaneous  basis  the  circuit  may  be  treated  for 
the  purpose  of  analysis  as  though  direct  current  were  flowing.  This 
principle  may  be  applied  to  motors  and  generators.  Accordingly  a 
common  method  for  checking  the  connections  of  three-phase  ma- 

^    of  Ph,,,  A 


FIG.     147 — FOUR-POLE,     CONCENTR.\TIC     GROUP,     THREE-PHASE, 
STAR-CONNECTED    WINDING 


chines,  either  on  the  actual  winding  or  on  the  diagram  of  connec- 
tions, is  to  consider  the  current  as  flowing  into  the  winding  by  way 
of  one  lead  and  out  by  the  other  two,  or  vice  versa.  Assume  then 
in  Fig.  147,  a  three-phase  star-connected  concentric  four-pole  group 
winding,  that  the  current  is  entering  at  B  and  C,  circulating  through 
the  windings  of  these  two  phases,  and  then  passing  from  the  neutral 
or  star  point  through  the  other  phase  to  the  terminal  A. 

When  applying  such  a  method,  it  is  quite  essential  that  the 
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arrangement  of  the  winding  under  consideration  be  known  and, 
moreover,  that  a  number  of  points  be  kept  in  mind  in  regard  to  the 
location  of  the  leads,  direction  of  polarity  of  the  consecutive  groups, 
and  the  order  in  which  changes  of  polarity  occur.  Thus,  in  Figs. 
148  a,  b  and  c  three  methods  of  connection  of  a  simple  winding  for 
a  given  voltage  are  shown,  respectively,  for  a  regular  four-pole  full 
pitch  winding,  a  four-pole  full  pitch  winding  of  the  consequent 
pole  type,  and  a  two-pole  winding  of  reduced  pitch  type  obtained 
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FJG.     148     (a),     (b)     AND     (c) — CHARACTERISTIC     METH- 
ODS  OF   CONNECTION   AND  ARRANGEMENT  OF   GROUPS 

a — Four-pole  winding  with  alternately  positive  and 
negative  groups. 

b — Four-pole  winding  of  the  consequent  pole  type. 

c — Two-pole  winding  obtained  from  b  by  re-con- 
necting the  groups  alternately  positive  and  negative. 


from  the  consequent  pole  winding  by  reversing  the  connections  of 
alternate  groups.  The  latter  two  combinations  are  sometimes  used 
as  a  means  of  obtaining  a  two-speed  motor  with  2  to  i  speed  ratio. 
From  Fig.  148,  in  which  a  few  of  the  possible  arrangements  are 
shown,  it  will  be  seen  that  it  may  be  necessary  to  know  in  advance 
the  type  of  winding  in  hand  in  order  to  check  readily  and  intelli- 
gently the  connections  of  the  machine.  Generally  the  leads  of  the 
three  phases  are  separated  by  a  spacing  of  two  poles  (i.  e.,  an  elec- 
trical angle  of  120  degrees  apart)  as  shown  in  Fig.  140.*    However, 
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in  Fig.  141,*  the  leads  do  not  appear  to  be  120  degrees  apart,  on 
account  of  the  consequent  pole  arrangement. 

In  many  cases,  particularly  on  rotors,  it  is  more  convenient 
to  tap  off  the  leads  at  points  farther  apart  than  two  groups ;  in  such 
cases  the  method  of  checking  referred  to  above,  in  which  the  cur- 
rent is  assumed  as  entering  the  winding  at  one  lead  and  leaving  it 
by  way  of  the  other  two  (or  vice  versa),  may  easily  result  in  er- 
roneous conclusions  regarding  the  correctness  of  the  connections. 

This  may  be  illustrated  by  reference  to  Fig.  149,  which  shows  a 
six-pole  diagram  with  phase  B  reversed.    Assuming  that  the  current 


FIG.     149 — SIX-POLE,    THREE-PHASE,     STAR-CONNECTED     GROUP 
WINDING   WITH   ONE   PHASE   PURPOSELY   REVERSED 

flows  into  lead  A  and  leaves  by  way  of  B  and  C,  six  poles  per 
phase  are  actually  obtained  (the  broken  line  arrows  within  the 
diagram  are  to  be  disregarded  temporarily)  yet  with  no  proof  that  the 
three  phases  are  connected  in  the  right  relation ;  for  a  further  con- 
dition has  to  be  fulfilled,  viz.,  that  the  leads  shall  be  120  electrical 
degrees  apart,  or  some  multiple  thereof.  This  latter  condition  is 
not  fulfilled  in  the  case  of  phase  B,  this  phase  being  reversed.  In 
the  case  of  a  delta  connection  the  above  rules  cannot  be  applied 
directly  in  checking  or  laying  out  the  connection  of  phases.    Usually 


*See  Section  XII  of  the  present  series,  pp.  474  and  475  of  the  May,  1911, 
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such  a  diagram  is  laid  out  as  a  star  connection,  the  star  then  being 
connected  into  a  deha,  as  shown  in  Fig.  150. 

SIMPLE   UNIVERSAL  RULE   FOR   CHECKING 

A  method  such  as  the  foregoing  for  checking  windings  is  ob- 
viously not  easily  remembered  and  not  always  readily  applied.  This 
is  particularly  true  when  a  winding  has  to  be  checked  directly  on 
the  machine,  as  it  is  rather  difficult  to  trace  all  of  the  connections 
throughout  the  winding.  A  method  which  offers  much  better  proof 
against  mistakes,  is  simpler,  and  is  easier  to  remember,  was  referred 
to  in  Section  XII.*  Briefly  stated  it  is  as  follows : — Assume 
that  currents  from  a  course  of  power  flow  into  all  three  leads 
of  the  star  connection  simultaneously,  Fig.  151  a,  and  meet  at  the  star 
point;  or,  in  the  case  of  a  delta  winding,  that  the  current  in  the 
delta  connection  flows  completely  around  the  delta  in  either  direc- 
tion; then  the  polarity  of  the  consecutive  groups 
will  alternate  regularly  around  the  winding.  Fig. 
151  &,  The  windings  may  thus  be  assumed  as 
carrying  direct  current,  the  arrows  indicating  the 
direction  of  the  current.  (The  actual  instantane- 
ous alternating  current  is,  of  course,  not  as  thus 
indicated,  but  can  be  assumed  so  for  purpose  of 
FIG.  150— METHOD  OF  checking.)     Thus,    for    a    three-phase    winding 

CHANGING   STAR  TO       ,  111,  •  , 

DELTA  CONNECTION  there  would  be  three  times  as  many  poles  as 
the  rated  number  of  poles  of  the  machine.  With 
the  present  method  of  checking,  the  actual  location  of  the 
leads  and  the  phase  relation  of  the  respective  groups  does  not 
have  to  be  considered ;  the  fulfillment  of  the  one  condition  of 
alternating  polarity  at  regular  intervals  is  a  positive  indication 
of  correct  connection  of  the  groups  of  the  winding. 

For  example,  referring  again  to  Fig.  149,  assume  that  the  cur- 
rent is  flowing  from  terminals  A,  B,  and  C  to  the  star  connection ; 
the  polarity  of  the  groups  will  now  be  as  indicated  by  the  broker 
line  arrows  within  the  diagram.  The  fact  that  phase  B  is  reversed 
is  now  immediately  evident.  The  required  phase  relations  in  the 
winding  would  be  obtained  and  the  requirements  of  the  present 
rule  fulfilled  if,  for  example,  the  terminal  lead  of  phase  B  were 
connected  at  5*  and  the  present  terminal  B  were  made  the  star 
connection. 


*See  p.  475  of  the  May,  1911,  issue. 
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If  the  winding  of  a  completed  stator  such  as  indicated  in  Fig.  147, 
for  example,  were  being  checked,  the  respective  phases  would  be  ex- 
cited by  low-voltage  direct  current  applied  across /^ 5 C  connected  to- 
gether and  the  neutral  point  represented  by  A*B*C*,  as  shown  in 
Fig.  151  a^  and  the  polarity  of  the  winding  explored  by  means  of  a 
compass  or  magnetized  needle  held  within  the  stator  near  the  face 


(b) 

FIG.  151  (a)  AND  (b) — SHOWING  METHOD  OF  CHECKING 
THREE-PHASE  STAR  OR  DELTA  WINDING  WITH  DIRECT 
CURRENT 


of  the  iron.  Then  there  should  be  three  times  as  many  poles  as  the 
rated  number  of  poles  of  the  machine,  reversing  alternately  and 
spaced  equally  provided  the  machine  has  a  balanced  winding.  In 
the  case  of  a  delta-connected  winding,  it  would  be  necessary  simply 
to  open  the  delta  at  any  convenient  point,  such  as  at  the  point  of 
connection  of  one  of  the  terminals  and  connect  the  two  free  ends  to 
the  source  of  power,  as  indicated  in  Fig.  151  &. 


EXPERIENCE  ON   THE  ROAD 

TROUBLE,  BUT  NOT  THE  FAULT  OF  THE  MOTOR 
LEONARD  WORK 

ELECTRICAL  machinery  is  frequently  reported  as  failing  to 
perform  its  work  properly,  when  the  real  dit^culty  lies  en- 
tirely outside  of  the  apparatus  itself.  One  such  case  happen- 
ed not  long  ago  where  a  two-phase  induction  motor  was  installed 
to  operate  a  vertical  coal  elevator,  replacing  an  old  gasoline  engine. 

The  new  motor,  which  was  one  of  the  latest  type,  looked  very 
promising,  but  had  hardly  been  started  and  the  conveyor  buckets  fill- 
ed with  coal  before  it  gave  evidence  of  distress,  slackened  its  speed, 
and  stopped.  It  could  not  be  started  again,  and  finally  the  pur- 
chaser, impatient  at  the  delay,  threatened  immediate  rejection  of 
the  motor  and  the  installation  of  another  engine. 

An  engineer  was  sent  for,  who,  on  arrival,  made  inquiry  as  to 
the  voltage  and  frequency  of  the  service  line,  but  was  assiu^ed  posi- 
tively by  the  superintendent  of  the  local  power  plant  that  the  volt- 
age and  frequency  were  unquestionably  correct  and  were  always  so 
maintained,  but  that  the  motor  was  obviously  at  fault  in  that  it 
would  not  pull  a  load  which  a  five  horse-power  gasoline  engine  had 
carried,  although  the  motor  was  of  twice  that  capacity. 

An  examination  of  the  motor  failed  to  show  the  slightest  dis- 
order with  its  windings  or  connections.  All  its  circuits  were  clear, 
and,  although  of  ample  capacity,  it  was  conceivable  that  in  some 
manner  the  load  might  have  become  too  heavy.  In  an  endeavor  to 
diagnose  the  case,  it  was  decided  to  make  several  measurements 
and  determine  the  torque  necessary  to, start  the  load,  the  available 
starting  torque,  the  frequency  of  the  circuit  and  the  line  voltage. 

It  is  commonly  thought  that  measurements  of  this  kind  require 
An  array  of  laboratory  instruments,  or  other  special  facilities ;  how- 
ever, all  the  necessary  data  was  obtained  here  with  a  spring  bal- 
ance from  an  ice  wagon,  a  speed-indicator  and  a  voltmeter ;  and  this 
simple  paraphernalia  served  to  locate  the  trouble  very  quickly. 

The  torque  required  to  start  the  load  was  obtained  by  attach- 
ing the  spring  scales  to  the  driving  belt  and  pulling  it  slowly  along, 
thus  moving  the  entire  load,  whereupon  the  pointer  indicated  a  pull 
of  120  pounds.  The  product  of  the  motor  speed  times  circumfer- 
ence of  pulley  gave  the  belt  speed  as  i  600  feet  per  minute ;  this 
multiplied  by   120  pounds  and  divided  by  33000  gave  5.8  as  the 
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horse-power  required  at  full  speed,  which  proved  that  the  motor 
was  far  from  being  overloaded. 

Next,  the  motor  starting  torque  was  measured  at  one  foot 
radius.  For  this  purpose  a  w^ooden  bar  was  fastened  across  the 
diameter  of  the  paper  pulley  and  a  notch  was  made  in  the  bar  ex- 
actly one  foot  from  the  center  of  the  shaft,  so  that  the  hook  of 
the  scales  would  remain  at  the  stated  distance.  The  scales  were 
then  so  suspended  that  the  projecting  bar  would  maintain  a  hori- 
zontal position  while  resting  on  the  hook.  When  current  was  ap- 
plied to  the  motor,  the  pointer  registered  a  pull  of  41  pounds,  which 
was  at  about  one-half  the  normal  rated  starting  torque  for  the  motor. 

The  cause  of  such  a  low  torque  could  be  either  high  frequency 
or  low  voltage  or  both,  and  steps  were  taken  at  once  to  ascertain 
these  values.  The  first  step  in  determining  the  frequency  of  a  cir- 
cuit by  means  of  a  motor  is  to  know  its  no-load  speed,  when  the 
full-load  speed  is  given.  The  rated  speed  as  given  on  the  motor 
name  plate  was  850  revolutions  at  full-load  and  7  200  alternations 
per  minute.  The  synchronous  speed  is  found  by  dividing  the  rated 
alternations  per  minute  by  the  number  of  poles ;  the  next  highest 
number  above  full-load  speed  obtainable  by  dividing  the  alternations 
by  an  even  number  will  be  the  synchronous  speed,  while  the  divisor 
will  be  the  number  of  poles.  In  the  present  case,  900  is  the  next 
highest  number  above  850  obtainable  with  7  200,  and  with  eight 
for  a  divisor;  hence  the  motor  was  obviously  an  eight-pole  machine, 
with  a  no-load  speed  of  about  900  r.p.m.  on  normal  frequency. 

With  belt  off,  the  motor  was  given  full  line  voltage.  The 
speed  indicator  showed  i  000  revolutions  per  minute,  which  being 
above  synchronous  speed,  proved  that  the  frequency  of  the  circuit 
was  high  in  the  proportion  of  1000  to  900,  or  ii.i  percent,  and, 
since  the  starting  torque  of  an  induction  motor,  within  certain  limits, 
varies  almost  inversely  as  the  frequency,  this  was  evidently  one 
cause  contributing  to  the  weakness  of  the  motor.  There  remained 
only  the  question  of  line  potential.  A  voltmeter  applied  to  the 
motor  terminals,  with  the  auto-starter  in  running  position,  showed 
the  voltage  to  be  154,  whereas  the  motor  was  rated  at  200  volts. 

The  whole  cause  of  the  trouble  was  now  apparent,  and,  ac- 
cordingly, measures  were  at  once  taken  to  correct  the  abnormal 
conditions.  As  soon  as  the  frequency  was  lowered  to  the  correct 
value  and  the  voltage  raised  to  normal,  the  motor  started  up  and 
pulled  its  load  in  such  a  business-like  way  and  with  such  evidence 
of  reserve  power  that  it  thoroughly  redeemed  itself. 
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550— Single-Phase  Railway  Calcu- 
lations and  Methods  of  Power 
Distribution  —  a  —  What  is  the 
method  of  predetermining  the 
line  k.v.a.,  line  loss,  line  kw  and 
average  kw  at  the  power  house 
for  a  single-phase  railway  after 
the  speed-time  curves,  current- 
time  curves,  and  kw  input  curves 
have  been  plotted?  b — How  is 
the  size  of  track  rail  bonds  de- 
termined? c — -The  proposed  line 
is  a  double  track  system  with 
three-phase  hydraulic  generation 
stepping  up  by  means  of  trans- 
formers connected  in  three- 
phase  T  to  no  000  volts,  using 
three-phase  V  for  purpose  of 
distribution,  the  ground  being 
employed  as  the  third  line  of  the 
high-tension  distribution  circuit. 
The  step-down  transformers  are 
correspondingly  to  be  connected 
in  V  connection  to  ground  on 
the  high-tension  side,  one  sec- 
ondary terminal  being  connected 
to  the  rails  and  the  other  to  the 
trolley  to  supply  single-phase 
current.  e.  f.  r. 

a — The    k.v.a.    at    the     motors 

equals    _N>lC><E,    ^^^^^     ^     ^^^^^^ 


current.  In  triangle  ABC,  Fig  550 
(a),  let  AB  and  cosine  0  represent 
these  two  quantities.  Then  AC  = 
AB  X  cosine  0,  represents  the 
working  voltage  on  the  motor. 
BC  =  ■\/  AB-  —  AC-,  represents 
the  inductive  drop  in  the  motor. 
The  working  voltage  may  be  di- 
vided into  two  quantities,  viz. — 
AD,  which  represents  the  voltage 
necessary  to  balance  the  back 
e.m.f.  due  to  the  motor  speed,  and 
DC,  which  represents  that  neces- 
sary to  overcome  the  motor  losses. 
The  first  of  these  two  values  is  the 


number  of  motors,  C  =  amperes 
per  motor,  and  E  =  voltage  at 
motors,  the  corresponding  true 
power  in  kw  being  the  product  of 
this  value  and  the  power-factor  of 
the  motors.  The  trolley  k.v.a.  and 
kw  are  obtained  from  these  by 
adding  from  three  to  five  percent 
to  allow  for  losses  in  the  car 
transformer  preventive  coils  and 
wiring.  The  voltage  necessary  to 
pass  any  given  starting  current 
through  the  motors  may  be  found 
by  using  the  following  data,  ob- 
tainable from  the  motor  perform- 
ance curve: — the  voltage  on  which 
the  motor  is  to  run,  the  power- 
factor  and  electrical  efficiency  cor- 
responding    to    this    voltage    and 


FIG.  S50  (a) 

efifective  portion,  the  second  the 
loss  portion.  With  the  efficiency 
given,  both  may  be  determined,  i.e. 
AD  =  AC  X  motor  efficiency.  The 
inductive  and  loss  voltages,  as 
represented  by  BC  and  DC,  are  ap- 
proximately constant  for  any 
given  current  but  the  back  e.m.f. 
varies  directly  with  the  speed,  be- 
ing zero  at  the  instant  of  starting 
and  being  represented  by  AD 
when  full  voltage  is  first  applied 
to  the  motor  terminals.  There- 
fore the  impressed  voltage  neces- 
sary to  start  will  be  represented 
by  BD  =  y  BC  +  DC  Using 
this  value  in  the  first  equation 
given,  the  k.v.a.  or  kw  at  start  may 
be  determined.  To  determine  the 
loss  in  the  trolley  and  track  cir- 
cuit for  any  given  run,  the  pro- 
cedure would  be  as  follows: — 
knowing  the  k.v.a.  at  the  trolley 
with  the  corresponding  trolley 
voltage  and  also  the  resistance  of 
the  circuit,  it  is  then  merely  a 
problem    of    plotting   the    diflferent 
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CR  loss  values  on  a  time  base 
and  integrating  the  area  between 
this  curve  and  the  base  line.  It 
will  be  found  convenient  to  plot 
these  values  directly  on  the  speed- 
time  curve.  If  a  distance  curve  is 
first  plotted  on  the  same  sheet  the 
various  C"R  values  will  be  more 
easily  determined.  The  shape  of 
this  curve  will  necessarily  depend 
on  the  position  of  the  power 
house.  For  a  given  run  the  various 
values  of  trolley  kw  input  may  be 
plotted  on  a  time  base,  the  area 
between  this  curve  and  the  base 
line  representing  the  total  car  kw- 
hrs  input  for  that  run.  The  aver- 
age kw  at  the  power  house  is,  of 
course,  the  average  of  the  sum  of 
the  total  line  loss  and  the  total  car 
input.  The  integrations  of  these 
areas  are  most  easily  obtained  by 
means  of  a  planimeter.  b — Theo- 
retically, rail  bonds  should  be  of 
such  size  and  so  applied  that  the 
voltage  drop  through  a  section  of 
the  rail  including  the  joint  is  the 
same  as  that  through  a  section  of 
similar  length,  not  including  the 
joint;  a  rule  which  may  be  applied 
to  single-phase  railways  equally  as 
well  as  to  direct-current  work. 
Bonds  larger  than  the  equivalent  of 
No.  oooo  B  &  S  copper  wire  have  not 
been  required  in  any  case  of  which  we 
know,  up  to  the  present  time,  c — 
This  method  of  distribution  is  not 
practicable  for  two  fundamental 
reasons.  First,  it  is  not  possible 
to  obtain  single-phase  power  from 
a  three-phase  circuit  by  means  of 
static  transformers  without  pro- 
hibitive unbalancing.  This  is  cov- 
ered by  Nos.  299,  2>(>3,  504,  and  515, 
and  article  referred  to  therein,  by 
Mr.  Chas.  F.  Scott,  in  the  Journal 
for  January,  1906,  p.  43.  Second,  a 
ground  return  for  one  side  of  a 
high-tension  transmission  line  is 
not  considered  good  practice.  A 
proper  arrangement  would  be  to 
separate  the  two  phases  of  the 
step-down  transformers,  and  sup- 
ply the  power  to  separate  circuits 
in  each  direction.  This  would 
serve  to  keep  the  trolley  wires  on 
each  of  the  parallel  tracks  at  the 
same  potential,  thereby  simplify- 
ing line  construction  at  cross- 
overs, w.  G.  H.  &  T.  V. 


551 — Electric     Welding  —  I     have 

lately  encountered  a  problem  in 
electric   welding,    an    answer    to 
which    I    hope   you   will   be   able 
to  give    through    your    Question 
Box.      I    have    read    Mr.    C.    B, 
Auel's       article       on       "Electric 
Welding"    in   the   January,    1908, 
issue    of    the    Journal,    but    the 
process    described    therein    util- 
izes a  carbon  electrode  whereas 
the    process    on    which    I    desire 
information  utilizes  a  rod  of  soft 
iron    as    an    electrode.      I    would 
like  information  as    to    the    size 
of    iron    rod    usually    employed, 
the   voltage    across   the   arc,   the 
current   density   per   square  inch 
of   rod,    the   best   length    of   arc, 
and  also  what  flux,  if  any,  is  re- 
quired   in    the    welding    process. 
It  is  desired  to  make  repairs  to 
corroded  portions    of  boilers   by 
building    up    new    metal    on    the 
corroded    part      of     the     sheets. 
This  process  has  been  approved 
by  the  U.  S.  Government,  but  is 
comparatively  new  on  this  coast, 
so  any  information  you  may  be 
able  to  give  will  be  greatly  ap- 
preciated. R.  H.  F. 
The  process  referred  to  is  that 
of  Flavianofif,  which  is  a  modifica- 
tion   of   the    Benardos   process,   an 
electrode    of    the    same    or    similar 
material  as  the  article  to  be  weld- 
ed, however,  being  substituted  for 
the  carbon   electrode.     This  metal 
electrode   (which  for  welding  iron 
or  steel  is  a  soft  iron  wire)  should 
not  exceed  3/16  in.  diameter;  and, 
although      for     best    results     they 
should  be  covered  with  a  flux  be- 
fore  using,    still   very   fair   success 
can  be  obtained  with  borax  alone. 
Several  patented  fluxes  are  recom- 
mended   by    various   investigators. 
Direct-current     should     be     used; 
about   120  to   130  amperes  at,  say, 
approximately  25   volts  across  the 
arc  and  50  to  60  volts  at  the  gen- 
erator.    The  length  of  the  arc  will 
be   about    1/16  in.   to   3/32  in.     In 
making  a  weld,  some  little  skill  is 
required,    as    the    electrode    has    a 
tendency  to  stick  to  the  article  be- 
ing   welded    at     the     moment    of 
striking  the   arc.     By  a   quick  yet 
very  slight  movement  of  the  wrist, 
the  electrode    can    be    touched    to 
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the  metal  and  withdrawn  to  the 
proper  distance  (1/16  to  2/2,2  in.) 
without  breaking  the  arc,  and  the 
electrode  then  fed  steadily  into 
the  weld.  The  advantage  of  the 
Flavianoff  over  the  Benardos 
process  is  that  softer  welds  may 
be  obtained;  the  disadvantage  is 
that  the  work  must  be  done  much 
more  slowly.  The  process  has 
been  described  in  various  maga- 
zines, one  of  these  articles  which 
appears  in  "Engineering"  under 
date  of  March  4th,  1910,  being  an 
abstract  of  a  paper  on  "Steam- 
ship Repairs  by  Electric  and  Au- 
togeneous  Welding"  by  Mr.  A. 
Scott  Younger,  read  before  the 
"Institution  of  Engineers  and 
Shipbuilders"  at  Glasgow,  Scot- 
land, c.  B.  .\. 

552 — Testing  Insulation  with  Cur- 
rent Transformer — Is  it  possible 
to    use    a    series    transformer    to 
test    armatures,    field    coils,    etc., 
for  insulation.     The  windings  of 
the     transformer      are      for      no 
volts  primary  to  2  200  volts  sec- 
ondary.    It  is  proposed  to  use  a 
voltmeter    on    the    no   volt    side 
and  gradually  apply  voltage  un- 
til   1000    to    2000    volts    are    ob- 
tained    on     the     secondary,     de- 
pending upon  whether  the  coils 
are  old  or  newly  wound;  test  to 
be      instantaneous.        The      field 
coils  and   armatures   in   question 
are  used  on  railway  motors.     In 
case  of  breakdown  between  coil 
and  core,  would  sufficient  power 
be    dissipated    to    cause    serious 
damage?     If  this  method  is  un- 
satisfactory,  please   advise   what 
would   be   the  best   arrangement 
to   use   and  give   details  of   con- 
struction. F.  H.  W. 
If    a     current    transformer    is 
meant   is    should   not   be   used    for 
this   purpose,   as   its   output  would 
be   too   small.      A    voltage    trans- 
former  of   size    suitable   for   meter 
work,  while  capable  of  developing 
the  desired  voltage,    is    not    likely 
to    be    capable    of    supplying    suffi- 
cient  current    for   the   purpose   in- 
tended without    risk    of    injury  to 
its     windings,     and     there     will     be 
too   great   a   voltage    drop    due    to 
the     resistance      offered     to     the 


charging  current  by  the  windings 
themselves.  We  would  not  rec- 
ommend for  this  purpose  anything 
less  than  a  one  kw,  2200  to  no 
volt,  distributing  transformer  such 
as  is  regularly  used  for  lighting 
service.  With  regard  to  break- 
down between  coil  and  core  of  ap- 
paratus under  test  no  damage  is 
likely  to  occur  if  proper  circuit 
breakers  or  fuses  are  used  in  the 
primary  (no  volt)  circuit.  Note 
No.  119  and  article  on  "Insulation 
Testing"  in  the  Journal  for  Sept., 
and  Oct.,  1905,  pp.  538  and  615. 

J.  E.  M. 

553 — Connecting    of    Two    Three- 
Phase  Transformers  in   Parallel 

— In  connecting  two  three-phase 
transformers    of    the    same     ca- 
pacity,   designed    to    operate   in 
parallel,  what  is   the   method   of 
determining     which     leads    from 
the     secondary     side      of      each 
transformer    are    to    be    connected 
to  the  same  bus-bars  of  a  three- 
phase  system?  r.  e.  s. 
Two  three-phase  transformers 
may    or   may    not    be    operated    in 
parallel,   according   to    their   inter- 
nal connections.     The  proper  con- 
nection,   if    there    is    one,    may    be 
determined     as     follows:    Connect 
the    primary    sides    in    parallel    in 
any     convenient     way,    preferably 
connecting    each     line    to     the    two 
leads   similarly  placed  on  the  two 
transformers.     The   secondary    sides 
can     now    be  tested     for   paralleling. 
Suppose,      for     example,     that     the 
secondary     leads     are     numbered  i, 
2    and    3,    starting    from    the    left, 
when     facing     the     secondary     side 
of      the      transformer;      connect      a 
secondary      lead      of      one      trans- 
former    to     a     secondary     lead     of 
the     other;     for     example,     connect 
leads     /     and    /    together.      Then 
measure  the  voltage  from  each  of 
the    two    remaining    leads    of    one 
transformer  to  each  of  the  two  re- 
maining leads  of  the  other.     If  two 
pairs    of    leads    are    found    which 
show  no  difference  in  voltage  be- 
tween    individual     leads    of    each 
pair,    the    connections    are    correct 
and     the     transformers     may     be 
operated     in     parallel    when    thus 
connected.     If  proper  connections 
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can  not  be  found  in  this  way  begin 
over  again  with  two  different  leads 
initially  connected  together;  for 
example,  connect  lead  /  of  one 
transformer  with  lead  2  of  the 
other,  and  repeat  the  above  pro- 
ceedure.  In  this  way,  try  out 
every  possible  combination  of  sec- 
ondary leads  until  the  proper  one 
is  found.  If  the  proper  combina- 
tion can  not  be  found,  the  two 
transformers  can  not  be  operated 
in  parallel.  There  is  nothing  to 
be  gained  by  changing  the  con- 
nections on  the  primary  side. 
When  two  three-phase  transform- 
ers are  designed  for  parallel  oper- 
ation it  is  customary  to  arrange 
them  so  that  leads  similarly  lo- 
cated should  be  connected  to- 
gether for  parallel  operation.  See 
article  on  "Parallel  (Operation,"  by 
Mr.  J.  B.  Gibbs,  in  the  Journ.xl  for 
May,  1909,  p.  276,  and  further  ref- 
erences on  p.  17  of  the  Seven- 
Year  Topical   Index.  i:.  c.  s. 

554  —  Paralleling    Transformers  — 

Some    tests   were    made    on    two 
transformers   of    the    same    size 
and     ratio,     but     with     different 
magnetic    circuits.     The    imped- 
ance volts  were  found  to  be  46.8 
and  61.2  respectively,  taken  with 
the     secondaries     short-circuited 
and   normal    current    circulating 
in  the  primaries.  The  resistances 
of    the    two    transformers,    how- 
ever, taken  at  the  same  temper- 
ature,  by   the   drop   of  potential 
method  were  found  to  be  nearly 
equal.     Am    I    right    in    infering 
from  the    article    by    Mr.    J.    B. 
Gibbs   in   the    Journal  for    May, 
1909,  p.   276,  that  the  regulation 
of  the  two  transformers  on  full 
or  overload  would  differ  materi- 
ally? R.  B.  R. 
The  regulation    of    the    trans- 
formers will  depend  on  the  power- 
factor  of  their  load.    Since  the  two 
transformers    have    the    same    re- 
sistances,   the    one    which    has    the 
greater   impedance   must   have   the 
greater     reactance     {impedance' — re- 
actaHce':=resistance') .     With    a   load 
of    unity   power-factor,    the    resist- 
ance  drop  is  nearly  in  phase  with 
the    impressed    e.m.f.,    and    the    re- 
actance   is    nearly    at    right    angles 


to  it.  The  regulation  is  then 
nearly  proportional  to  the  resist- 
ance drop,  and  therefore,  if  oper- 
ating in  parallel  on  a  load  which 
has  a  power-factor  of  unity,  the 
regulation  of  the  two  transformers 
in  question  will  be  practically 
equal  since  the  resistance  drops 
are  practically  equal.  At  zero 
power-factor,  however,  the  re- 
sistance drop  is  at  right  angles 
to  the  impressed  voltage  and 
the  reactance  drop  in  phase  with 
it.  Therefore,  with  such  a  load, 
the  regulation  will  be  proportional 
approximately  to  the  reactance 
drop,  and  in  the  case  in  hand,  the 
regulation  of  the  two  transformers 
will  differ  considerably.  It  should 
be  borne  in  mind  that  regulation 
is  no  indication  whatever  of  the 
ability  of  transformers  to  parallel. 
This  depends  on  impedance  alone 
and  impedance  is  a  constant,  en- 
tirely independent  of  load  power- 
factor.  (See  No.  441.)  While,  as 
indicated  above,  the  regulation  of 
the  two  transformers  at  unity 
power-factor  is  the  same,  the  im- 
pedances are  different  and  there- 
fore the  currents  in  the  two  will 
always  be  different,  but  will  al- 
ways have  the  same  relation  to 
each  other.  Thus,  the  current  in 
the  transformer  having  an  im- 
pedance of  46.8  ohms,  will  be 
61.2  -=-  46.8  or  1. 31  times  that  of 
the  other,  and  this  relation  will 
always  be  maintained  regaidless 
of  the  magnitude  or  power-factor 
of  the  load.  Thus  the  transformer 
having  the  lower  impedance  will 
take  approximately  57  percent  of 
the  total  load  at  all  power-factors. 
E.  c.  s, 

555 — Transformer    Connections  — 

My  Company  has  two  cotton 
mills  that  are  operated  by  means 
of  three-phase,  550  volt,  6q  cycle, 
induction  motors  with  power  from 
a  hydro-electric  plant.  One  of 
the  mills  is  located  150  feet 
from  the  power  house,  the  other 
about  two  and  one-half  miles, 
and  this  one  is  supplied  with 
current  from  an  11  000  volt 
transmission  line.  We  have  four 
600  volt,  three-phase  generators 
in  our  plant  but  we  only  gener- 
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ate  current  at  575  volts.  There 
is  a  set  of  three  500  kw,  single- 
phase  step-up  transformers  in 
our  power  house,  600/11000 
volts,  and  another  set  at  the 
mill  which  steps  the  voltage 
down  from  11  000  to  600  volts. 
They  are  connected  so  as  to 
give  570  volts;  these  are  the 
voltages  we  get  when  the  heavy 
day  load  is  on  (2450  kw).  At 
night  when  we  are  running  at 
550  volts  at  the  power  house  we 
get  615  volts  at  the  distant  mill, 
which  is  too  high  for  the 
lights  when  the  load  if  off.  The 
transformers  are  delta-connect- 
ed at  both  ends  of  the  line,  pri- 
mary and  secondary.  Now, 
could  we  connect  them  star  on 
the  high  voltage  sides,  and  get 
about  the  same  voltage  at  both 
ends,  leaving  the  lower  sides 
delta-connected  (that  is,  could 
we  get  560  volts  at  the  mill  two 
and  one-half  miles  away  and 
generate  at  560  volts)?  The 
transformers  have  four  taps  on 
the  high  side.  By  star  connec- 
tion we  would  get  about  19000 
volts  on  the  line,  then  by 
grounding  the  center  we  would 
only  get  about  9500  volts  to 
ground.  Could  we  still  use  our 
same  insulators?  What  size 
wire  should  be  used  to  ground? 
Would  it  be  all  right  to  use  the 
lightning  arrester  ground,  or 
should  a  separate  ground  be 
provided?  Would  a  two-inch 
pipe  driven  ten  feet  deep  be 
satisfactory  for  this  purpose? 

w.  L.  c. 
The  full-load  voltage  at  the 
end  of  the  line  is  stated  as  570 
volts  while  the  corresponding  no- 
load  voltage  is  615  volts.  If  the 
transformers  were  star-connected 
on  the  high-tension  side  instead  of 
delta-connected  as  at  present  the 
difference  between  no-load  and 
full-load  voltage  (i.e.,  full-load 
drop)  would  probably  be  reduced 
in_the  ratio  of  approximately  i  to 
V3,  that  is  58  percent  of  its  pres- 
ent value.  Since  the  problem  is 
one  of  regulation,  it  would  be 
necessary  to  re-connect  the  trans- 
formers to  give  a  lower  voltage 
(approximately      590      volts)       at 


night,  i.e.,  when  the  load  is  off; 
when  the  load  is  on  the  voltage 
still  would  not  fall  below  570  volts, 
on  account  of  the  improved  regu- 
lation resulting  from  operating  the 
transmission  line  at  the  higher 
voltage  obtained  with  star-con- 
nection of  the  transformers. 
There  would  still  be  20  to  25  volts 
difference  between  day  and  night 
voltages  if  the  generating  condi- 
tions remain  the  same  as  noted  in 
the  question.  The  transformers 
and  insulators  would  probably 
stand  the  extra  voltage  due  to 
star-connection  without  difficulty, 
if  the  line  were  properly  grounded, 
but  the  manufacturers  of  the 
transformers  and  other  apparatus 
aft'ected  should  be  consulted  be- 
fore the  change  is  made.  For 
grounding  the  line  use  a  wire  at 
least  as  large  as  that  of  the  trans- 
mission line.  It  should  thus  be 
possible  to  obtain  a  ground  of  not 
over  30  ohms  resistance  by  using 
a  lightning  arrester  ground.  If 
not,  additional  conductivity  should 
be  obtained  by  means  of  pipes 
driven  into  the  ground  as  sug- 
gested in  the  question.  If  a 
grounded  circuit  is  employed  the 
practice  of  grounding  the  trans- 
former cases  should  be  followed. 
See  Nos.  60,  188  and  492. 

E.  c.  s.  &  R.  p.  J. 

556  —  Booster  Transformer  Con- 
nections^— a— Please  advise  which 
of  the  connections  shown  in 
Fig.  556  (a)  and  (b)  is  correct  for 
star-connected  booster  trans- 
formers? h — If  a  potential  trans- 
former of  ratio  100:1,  and  whose 
polarity  is  as  indicated  by  the 
arrows,  be  connected  to  a  volt- 
meter as  shown  in  Fig.  556  (c) 
what  will  the  meter  read? 

N.  V.  V. 

a — Either  of  these  connections 
may  be  employed  but  different  re- 
sults will  be  obtained.  With  the 
connection  given  at  (a),  i.e.,  when 
the  shunt  or  primary  side  of  the 
booster  transformer  is  connected 
across  the  line  toward  the  source 
of  power,  the  voltage  of  the  load 
side  will  be  boosted  an  amount 
equal  to  the  secondary  voltage  of 
the     booster     transformer.      With 
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the  second  scheme  of  connections, 
in  which  the  primary  of  the 
booster  transformer  is  connected 
on  the  load  side  of  the  line,  a  lit- 
tle higher  boost  is  obtained.  If  a 
2000  volt  source  is  assumed,  the 
ratio  of  the  booster  transformer 
being  10:1,  then  the  first  method 
of  connection  will  give  2  200  volts 
at   the    load   and    the    second    con- 


^^i^M^^^^rr 


(a) 


FIGS.   5.s6   (a)    (b)    AND    (c) 

nection  will  give  approximately 
2  222  volts.  See  Nos.  22,  163,  284 
and  320.  b — A  voltmeter  connect- 
ed as  shown  in  Fig.  556  (c)  will  read 
loi  volts.  This  will  easily  be  seen 
by  drawing  arrows  showing  the 
direction  of  the  current  through 
the  windings  of  the  transformer 
itself.  The  arrows  will  indicate 
additive  voltages.  a.  p.  b. 

557 — Books  for  Traction  Engineer 

— What  are  the  best  books  for 
a  traction  engineer  to  have  in 
his  library?  Books  that  can  be 
relied  upon  for  data  on  the 
various  subjects  related  thereto? 
What  are  the  best  periodicals 
on  this  line,  either  German  or 
English?  F.  H.  w. 

Standard  Handbook  for  Elec- 
trical Engineers.  (Third  Edition, 
1910.  $4.00  net).  The  section  on 
"Electric  Traction"  will  be  found 
more  reliable  than  the  majority  of 


technical  books,  and  the  large 
amount  of  information  that  it  con- 
tains on  the  general  subject  of 
electrical  engineering,  makes  it  a 
valuable  book  for  traction  en- 
gineers. 

Foster's  Handbook  for  Elec- 
trical Engineers.  (Sixth  Edition, 
1910.  $5.00  net).  The  same  thing 
applies  to  this  handbook. 

Gottshall's  Electric  Railway 
Economics.  (Second  Edition, 
1909.  $2.00  net).  An  excellent, 
broad-gauge  book. 

Herrick  &  Boynton,  American 
Electric  Railway  Practice.  ($3,00 
net).  A  good,  practical  book,  es- 
pecially valuable  to  operating  en- 
gineers. 

Parshall  &  Hobart,  Electric 
Rai-lway  Engineering.  (1907.  $10.00 
net).  This  is  one  of  the  most  com- 
prehensive books  dealing  with  the 
engineering  features  of  electric 
railways,  and  is  profusely  illus- 
trated. The  criticism,  from  an 
American  engineer's  standpoint, 
would  be  that  it  gives  foreign 
railway  practice  undue  promi- 
nence and  is  decidedly  partisan. 
(In  this  connection  note  article  by 
Mr.  Malcolm  MacLaren  in  the 
Journal  for  Aug.,  1907,  p.  461). 
The  cuts  alone,  however,  would 
make  the  book  a  valuable  one  for 
an  engineer's  library. 

The  Electric  Transmission  of  En- 
erg3^  by  Arthur  Vaughan  Abbott 
(Fifth  Edition.  $5.00,  net),  contains 
valuable  information  on  the  design, 
construction,  and  installation  of 
power  distribution  circuits,  including 
underground  systems,  of  importance 
to  traction  engineers. 

Electric  Trains,  by  H.  M.  Ho- 
bart (1910),  contains  interesting 
data  on  results  of  operation  on 
several  English  roads. 

Bell's  Power  Distribution  for 
Electric  Railways.  (Third  Edi- 
tion. $2.50  net).  This  book,  al- 
though somewhat  out  of  date, 
contains  a  discussion  of  the  funda- 
mental problem  of  determining 
the  feeders  for  electric  railways 
that  is  especially  valuable. 

The  series  of  articles  on  Elec- 
tric Railway  Engineering  pub- 
lished   in    The    Electric    Journal 
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Jan.,  Feb.,  Mar.,  May,  and  July, 
1906,  and  July,  Aug.,  Sept.,  Oct., 
and  Nov.,  1908,  constitute  a  valua- 
ble treatise  on  the  predetermina- 
tion of  the  electric  equipment  for 
interurban  railways. 

The  Electric  Railway  Journal, 
($3.00  net),  and  Proceedings  of 
the  American  Institute  of  Elec- 
trical Engineers  ($5.00  net),  and 
The  Electric  Journal  (see  Seven 
Year  Topical  Index),  I  consider 
the  best  periodicals  for  the  Trac- 
tion Engineer.  The  latter  contain 
only  occasional  articles  on  rail- 
way topics,  but  they  usually  make 
up  in  quality  what  they  lack  in 
frequency.  h.  c.  k. 

558— Effect  of    Generator    Charac- 
teristics   on    Power-Factor — We 

have  recently  installed  a  400  kw, 
three-phase,  6o-cycle,  6600-volt, 
water  wheel  type  alternator,  and 
find  the  power-factor  of  the  load 
on  this  new  alternator  different 
from  that  of  the  same  load  on  our 
old  alternator  of  the  same  nomi- 
nal size  and  characteristics.  The 
power-factor  is  supposed  to  be  in- 
dependent of  the  generator  and  to 
depend  upon  the  character  of  the 
load  on  the  generator.  If  this  were 
a  fact  it  would  seem  that  the  in- 
struments, in  each  case  one  am- 
meter on  each  of  the  three  wires 
and  an  indicating  wattmeter,  must 
be  at  fault.  Can  the  inherent  char- 
acteristics of  the  alternator  effect 
the  power-factor  of  the  line,  or  is 
the  apparent  difference  in  power- 
factor  due  to  errors  in  instru- 
ments? O.W.M. 

Under  no  circumstances  can  the 
generator  affect  the  power-factor  of 
the  line.  There  is  also  no  apparent 
reason  for  the  same  instruments  in- 
dicating differently  with  different 
generators.  We  assume  that  the  fre- 
quency is  the  same,  that  the  wave 
form  is  substantially  the  same  with 
the  two  generators  and  that  the  gen- 
erators are  not  in  parallel  with  other 
generators  or  with  each  other.  If 
the  wave  form  of  the  two  machines 
is  different,  the  magnetizing  current 
of  the  transformers  supplying  the 
load  will  be  different  in  the  two 
cases ;  a  peaked  wave  form  will  re- 
sult in  low  magnetizing  current,  while 


a  flat  top  wave  form  will  give  high 
magnetizing  current.  (See  article  on 
Iron  Loss  Testing,  in  the  Journal 
for  Apr.,  1911,  p.  383.)  Difference  of 
wave  form  can  also  affect  the  instru- 
ment readings,  the  amount  of  the  ef- 
fect being  determined  by  the  particu- 
lar t3'pe  of  instrument  used.  The 
effect  is  greater,  the  lower  the  power- 
factor.  If  the  load  consists  partly  of 
direct-current  arc  lamps  fed  through 
mercury  rectifiers,  a  slight  difference 
in  the  wave  form  of  the  respective 
generators  may  be  responsible  for 
the  change  in  power-factor  which  has 
been  noted,  as  this  particular  kind  of 
load  has  the  effect  of  accentuating 
any  tendency  toward  reduction  of 
power-factor  due  to  peaked  wave 
form,  in  some  cases  limiting  the  ca- 
pacity of  the  generators  supplying 
the  power.  There  is  a  possibility 
also  that  the  armature  winding  on 
one  of  the  alternators  in  question  is 
slightly  unsymmetrical.  In  this  case, 
with  a  motor  load  consisting  of  sym- 
metrically-wound machines,  there 
will  be  a  certain  amount  of  idle  cur- 
rent flowing  in  the  mains  w-hich  is 
partly  leading  and  partly  lagging,  but 
which  may  show  on  the  ammeters. 
If  a  symmetrically-wound  generator 
is  connected  to  the  same  circuit,  this 
idle  current  should  disappear  and  the 
ammeter  readings  should  be  differ- 
ent. On  some  of  the  old  designs  of 
alternators,  the  type  of  winding  used 
was  such  that  perfect  symmetry  was 
difhcult  to  obtain.  Other  than  these 
effects,  the  power-factor  should  be 
the  same  in  the  two  generators. 

F.D.N.  ANDF.C. 

559 — Copper  vs.  Carbon  Brushes — 

Copper  brushes  are  generally  used 
on  the  collector  rings  of  rotary 
converters ;  in  the  slip  ring  induc- 
tion motor  with  external  resist- 
ance, carbon  brushes  are  generally 
used.  Please  give  the  reason  for 
this  difference.  The  electrical  con- 
ditions seem  about  the  same  with 
the  exception  that,  when  running 
under  normal  conditions,  the  volt- 
age across  the  brushes  in  the  in- 
duction motor  is  much  less  and 
consequently  the  power  loss 
greater.  a.w.f. 

On  rotary  converter  collector  rings 
large    currents    have    to.be   handled, 
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and  copper  brushes  are  used  because 
they  give  larger  current  carrymg  ca- 
pacity for  a  given  size  of  ring  than 
do  carbon  brushes  and  less  voltage 
drop  at  the  point  of  contact ;  hence, 
lower  losses.  Converters  of  large 
capacity  are  often  equipped  with 
carbon  brushes  but  in  some  cases  the 
increased  size  of  rings  necessitated 
by  their  use  may  become  prohibitive 
on  account  of  limited  floor  space, 
especially  in  the  case  of  six-phase 
machines.  On  the  other  hand,  the 
advantage  of  using  carbon  brushes, 
when  the  requirements  of  design  and 
operation  will  permit,  is  the  lower 
renewal  cost  due  to  lower  first  cost 
and  less  wear.  A  compromise  is 
sometimes  effected  by  employing  car- 
bon brushes  made  with  layers  of  cop- 
per wire  gauze  to  increase  their  con- 
ductivity; the  lubricating  effect  of 
the  carbon  is  thus  taken  advantage 
of.  Carbon  brushes  may  be  used  to 
advantage  for  slip  ring  induction  mo- 
tors, as  heavy  currents  can  be  avoid- 
ed by  designing  the  rotor  windings 
to  give  sufficiently  high  secondary 
voltages.  In  large  induction  motors 
with  currents  comparable  with  those 
in  the  alternating-current  side  of  ro- 
tary converters,  carbon  brushes  are 
used  to  a  great  extent,  but  in  many 
oases  where  the  motor  is  intended 
for  steady  operation,  the  collector 
rings  are  equipped  with  a  short-cir- 
cuiting device  which  is  thrown  in  at 
full  speed  so  that  the  carbon  brushes 
then  carry  practically  no  current.  In 
this  way  the  higher  loss  of  carbon 
brushes,  compared  with  copper,  is  of 
importance  only  during  starting.  On 
the  other  hand,  the  collector  rings 
and  brushes  of  rotary  converters 
must  be  in  circuit  at  all  times  and 
there  is  necessarily  considerably  more 
loss    than    if    copper    brushes    were 

used.  F.D.N.  AND  F.C.H. 

560 — Six-Phase    Rotary    Converter 

— In  the  rotary  converter  connec- 
tion diagram.  Fig.  560  (a),  what  is 
the  voltage  between  the  auxiliary 
busses,  and  what  is  their  phase  re- 
lation to  the  voltage  between  the 
secondaries  of  the  transformers? 
As  the  converter  is  supplied  by 
three  transformers  through  six 
diagonal  connections,  can  it  be 
called  a  three  or  a  six-phase  con- 
verter? How  are  six  phases  ob- 
tained in  the  converter  by  supply- 
ing it  with  three-phase  current,  and 


how  is  the  armature  wound  to  at- 
tain this  result?  e.k. 
The  armature  taps  to  which  the 
six  alternating-current  collector 
rings  of  the  six-phase  rotary  con- 
verter are  connected,  are  made  at  in- 
tervals of  60  electrical  degrees;  a 
three-phase  rotary  converter  would 
be  provided  with  half  this  number  of 
taps  at  intervals  of  120  electrical  de- 
grees. There  are  two  methods  of 
obtaining  six-phase  voltage  relations 
from  three-phase  transformers,  viz., 
by  means  of  the  diametrical  connec- 
tion and  by  means  of  the  double- 
delta  connection.  These  two  methods 
of  connection  are  given  in  articles  by 
Mr.  H.  W.  Brown  in  the  Jour.val 
for  June,  '08,  p.  347,  and  Mar.,  'og,  p. 
172.  See  also  articles  on  "Testing" 
in  the  Mar.  and  Apr.,  1905  issues,  pp. 
181  and  249.  The  connection  employ- 
ed in  the  present  case  is  the  diamet- 


FIGS.    560    (a)    AND    (b) 

rical  connection.  The  voltage  across 
lines  connecting  the  rotary  converter 
to  the  secondaries  of  the  transform- 
ers shown  are  the  same  as  the  dia- 
metrical voltages  of  the  converter, 
viz.,  430  volts,  and  are  represented 
in  the  vector  diagram.  Fig.  560  (b) 
by  the  lines  1-4,  3-6  and  5-2. 
These  voltages  must  be  0.707  x 
the  direct-current  voltage  for  a 
six-phase  diametrical  connection. 
The  voltages  on  the  auxiliary  bus- 
bars are  respectively  86.6  percent  of 
the  voltage  of  the  secondaries  of  the 
transformers  and  are  30  degrees  out 
of  phase  with  the  transformer  volt- 
ages. They  are  represented  in  the 
vector  diagram  by  the  lines  1-3,  3-5 
and  5-1.  This  is  the  case  only  when 
the  converter  is  operating;  when  the 
rotary  converter  circuits  are  open, 
the  voltages  across  the  respective 
auxiliary  bus-bars  are  zero. 

F.D.N  AND  H.W.B. 


586. 


THE  ELECTRIC  JOURNAL 


561 — Six-Phase  Rotary  Converters 
Operated  on  Two-Phase  Cir- 
cuit— Would  there  be  any  special 
difficulties  in  operating  six-phase 
rotary  converters  from  a  two- 
phase  circuit  by  means  of  trans- 
formers connected  for  two-phase — 
three-phase  transformation,  pro- 
vided the  proper  phase  relations 
and  connections  to  the  slip  rings 
of  the  machines  were  taken  care 
of  before  initial  operation?  What 
is  the  proper  voltage  to  be  applied 
to  the  slip  rings?  j.H.w. 

Comparatively  satisfactory  opera- 
tion may  be  obtained  provided  a  re- 
duction in  efficiency  and  in  the  ca- 
pacity of  the  machines  is  allowable. 
The  armature  taps  to  which  the  six 
alternating-current  collector  rings  of 
a  six-phase  rotary  converter  are  con- 
nected, are  made  at  intervals  of  60 
electrical  degrees.  The  three-phase 
voltages  obtained  by  transformation 
from  the  two-phase  source  of  power 
would  be  applied  to  alternate  taps, 
i.  e.,  at  intervals  of  120  electrical  de- 
grees, utilizing  only  three  collector 
rings.  The  amount  the  capacity  will 
be  lowered  will  depend  upon  the  de- 
sign of  the  machines,  the  limiting 
points  probably  being  the  heating  of 
the  armature  tap  coils  and  taps  and 
of  the  alternating-current  brushes 
and  brush-holders.  The  losses  at  the 
decreased  load  resulting  from  three- 
phase  operation  would  be  about  the 
same  as  the  losses  obtained  when  op- 
erating under  normal  six-phase  con- 
ditions; hence,  a  corresponding  de- 
crease in  the  efficiency  would  result. 
The  three-phase  voltage  which  would 
be  required  is  equal  to  0.61  times 
normal  voltage  required  on  the  di- 
rect-current side  of  the  machine.  It 
should  be  noted,  however,  that  if  the 
use  of  double  secondaries  on  the 
transformers  is  possible,  the  equiva- 
lent of  a  six-phase  delta  connection 
can  be  obtained,  so  that  the  converter 
can  be  operated  on  six-phases.  Also, 
by  two  separate  sets  of  transformers, 
each  converting  from  two-phase  to 
three-phase  but  with  the  three-phase 
end  of  one  set  reversed  with  respect 
to  the  other,  the  double  delta  could 
also  be  obtained  and  the  rotary  con- 


verter loaded  six-phase.  One  disad- 
vantage in  converting  from  two- 
phase  to  three-phase  or  six-phase  as 
indicated  above,  is  that  the  wave 
forms  of  the  different  phases  on  the 
three-phase  side  are  liable  to  be 
somewhat  unsymmetical  with  respect 
to  each  other  so  that  symmetrical 
voltage  conditions  are  not  supplied 
to  the  rotary  converter.  In  conse- 
quence, there  may  be  a  tendency  for 
somewhat  unbalanced  current  to 
flow,  so  that  the  capacity  of  the  ro- 
tary, either  on  three-phase  or  six- 
phase,  as  described  above,  would 
probably  be  slightly  less  than  with  a 
true  balanced  arrangement. 

J.B.W.  ANDT.L.Y. 

562 — Paralleling      Stationary     and 
Revolving     Field     Alternators — 

What  changes  would  be  required 
in  the  field  excitation  of  a  com- 
posite revolving  armature  genera- 
tor of  125  kw  capacity  to  fit  it  to 
operate  in  parallel  with  a  180  kw 
revolving  field  generator.  Both  are 
driven  by  water  wheels  of  the 
Pelton  type.  l.w. 

In  order  to  operate  these  genera- 
tors in  parallel  it  would  be  nec- 
essary to  operate  the  composite 
wound  machine  as  a  separately  ex- 
cited generator.  The  compensating 
field  winding  could  be  connected  in 
series  with  the  present  separately  ex- 
cited field  winding  thereby  adding 
slightly  to  the  capacity  of  the  latter. 
However,  if  the  power-factor  of  the 
load  is  much  below  unity  a  complete 
new  separately  excited  field  winding 
of  suitable  design  would  be  required 
and  the  manufacturers  should  be 
consulted.  Other  points  to  be  con- 
sidered, if  uniform  division  of  load 
between  the  two  generators  is  de- 
sired, are  their  inherent  regulation 
characteristics  and  the  shape  of  their 
respective  saturation  curves;  these 
points  are  of  importance  only  when 
automatic  regulation  is  involved. 
Otherwise,  the  division  of  the  load 
can  be  regulated  by  hand,  by  proper 
adjustment  of  the  field  rheostats  of 
the  machines.  Proper  speed  regula- 
tion of  the  water  wheels  will,  of 
course,  be  required.  j.b.w. 
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563 — T  h  e  0  r  y  of  Operation  of 
Three-Phase  Generators — Given 
a  three-phase  generator,  if  the 
three  terminals  are  short-circuited 
the  armature  ampere-turns  would 
be  approximately  equal  to  the  field 
ampere-turns.  Please  explain  this 
and  state  what  law  governs  condi- 
tions of  this  kind.  R.F.H. 

Assuming  that  the  construction  of 
the  armature  and  field  cores  and  the 
windings  are  identical,  and  neglect- 
ing leakage,  the  ratio  between  the 
field  and  armature  ampere-turns 
would  obviously  be  one  to  one.  On 
account  of  the  field  core  having  open 
spaces  between  poles  and  on  account 
of  the  differences  in  the  windings, 
there  is  a  certain  approximate  ratio 
dififering  from  one.  Regarding  the 
laws  governing  this  ratio,  refer  to 
one  of  the  standard  text-books  on 
alternating-current  generator  design, 
as  space  limitations  prohibit  a  com- 
prehensive discussion  of  the  subject 
here.  It  may  be  stated  in  brief,  how- 
ever, that  on  short-circuit  the  arma- 
ture current  will  necessarily  rise  to 
such  a  value  that  it  tends  to  over- 
come or  neutralize  the  field  produc- 
ing it.  If  the  armature  and  field 
windings  were  similarly  disposed  or 
distributed  with  respect  to  each 
other,  then  the  armature  ampere- 
turns,  when  equal  in  value  to  the 
field  amper-turns,  would  exert  an 
equal  and  opposite  magnetizing  ef- 
fect, and  thus  the  magnetic  field  tend- 
ing to  generate  such  armature  cur- 
rent would  be  destroyed.  Obviously 
the  armature  current  could  not  quite 
reach  this  value.  In  practice,  how- 
ever, the  armature  coils  are  distrib- 
uted over  a  surface  so  that  their 
combined  magnetizing  effects  are  not 
directly  super-imposed.  In  conse- 
quence, the  apparent  armature  am- 
pere-turns may  considerably  exceed 
those  of  the  field,  although  the  re- 
sultant magnetizing  effect  of  these 
armature  ampere-turns  must  neces- 
sarily be  slightly  less  than  those  of 
the  field,  as  explained  above. 

J.B.W.  ANDB.G.L. 

564 — Commutator      Troubles — The 

brushes  on  one  of  our  direct-cur- 
rent machines  scratch  the  commu- 
tator pretty  badly  even  after  a 
day's  run.     We  have  tried  numer- 


ous remedies  with  non-success. 
The  carbon  does  not  seem  particu- 
larly hard,  the  brushes  are  care- 
fully ground  and  set  and  the  ten- 
sion is  not  more  than  two  lbs.  per 
square  inch.  Please  enumerate  the 
causes  that  might  lead  to  such 
trouble.  h.g.h. 

We  would  suggest  that  you  try  a 
type  of  brush  possessing  self-lubri- 
cating properties.  These  may  be 
obtained  from  various  manufacturers 
of  carbon  brushes  whose  advertise- 
ments are  to  be  found  in  electrical 
periodicals  and  trade  journals.  In 
consulting  the  manufacturers  regard- 
ing such  a  problem  information 
should  be  furnished  regarding  diam- 
eter of  the  commutator  of  the  ma- 
chine, number  of  commutator  bars, 
speed,  number  of  brushes  per  brush 
arm  and  number  of  brush  arms. 
Note  article  on  "Problems  in  Com- 
mutation" by  Mr.  Miles  Walker  in 
the  Journal  for  May,  1907,  p.  276, 
and  editorial  on  p.  243;  also.  Ques- 
tion Box  references  on  p.  11  of  The 
Seven  Year  Topical  Index.       w.a.d. 

565— Difficulty  with  Parallel  Oper- 
ation of  Motor-Generator  Sets — 

We  have  two  motor-generator  sets, 
each  consisting  of  a  250  kw  direct- 
current  shunt  generator,  with  com- 
mutating  fields,  and  a  squirrel-cage 
induction   motor.     One   is    of    Eu- 
ropean construction  and  the  other 
of  American  make.     When  it  was 
attempted  to  run  them  in  parallel 
the  load  seemed  to  oscillate   from 
one   to  the  other  and  the  voltage 
became    so    abnormally    high    that 
one  of  the  circuit  breakers  would 
be  opened.     The  above  phenomena 
only  occurred  when  an  attempt  was 
made  to  shift  the  load,  the  genera- 
tors operating  in  parallel  satisfac- 
torily   when    the    switch    was    first 
closed.     Can   you   advance   an   ex- 
planation? H.G.H. 
In    order    that    two    direct-current 
machines  shall  run  properly  in  multi- 
ple, it  is  necessary  that  they  have  the 
same  characteristics  as  to  regulation. 
It  is  probable  that  the  machines  have 
different  inherent  regulating  charac- 
teristics.    Such  difference  can  be  ob- 
tained on  interpole  machines  by  giv- 
ing the  brushes  a  lead.     A  backward 
lead    will    tend    to    raise   the    voltage 
and  a  forward  lead  to  reduce  it.    To 
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parallel  properly,  two  direct-current 
machines,  either  shunt  or  compound, 
must  have  an  inherent  tendency  for 
the  armature  voltage  to  drop  with 
increase  in  load.  This  naturally  causes 
each  machine  to  tend  to  shift  its 
load  to  the  other  machine,  and 
neither  tends  to  take  more  than  its 
share,  so  that  stability  is  thus  ob- 
tained. With  interpole  machines  and 
a  wrong  setting  of  the  brushes^  the 
inherent  armature  regulating  charac- 
teristics may  be  such  as  to  give  a 
constant,  or  even  a  rising,  voltage 
and  one  machine  may  try  to  take 
more  than  its  share  of  the  load,  so 
that  stability  is  not  obtained.  An  in- 
creased forward  lead  on  an  interpole 
generator  tends  to  give  a  drooping 
voltage  and  greater  stability.  With 
such  a  change,  however,  the  interpole 
field  strength  may  require  adjustment. 
We  suspect  the  trouble  in  the  present 
case  is  that  one  of  these  machines 
has  its  brushes  set  with  backward 
lead  so  that  its  characteristic  is  dif- 
ferent from  the  other.  The  best  way 
to  try  this  out  is  to  run  each  machine 
separately,  varying  the  load  and  mak- 
ing adjustments  until  both  give  the 
same  voltages  with  the  same  loads. 
If  the  two  direct-current  machines 
have  inherently  about  the  same  regu- 
lation and  the  alternating-current 
motors  driving  them  have  a  consid- 
erable difference  in  their  slip  with 
increase  in  load,  this  might  also  ac- 
count for  trouble  in  paralleling,  al- 
though we  believe  that,  unless  the 
slips  are  widely  different,  no  particu- 
lar trouble  will  be  experienced  from 
this   source.  w.a.d. 

566 — Equalizer  for   Paralleling   Di- 
rect-Current   Generators — A   200 

kw,  250  volt,  direct-current  gener- 
ator is  to  be  operated  in  parallel 
with  a  400  kw,  250-volt  machine 
located  200  feet  distant.  What  size 
of  equalizer  should  be  used?  If 
any  articles  bearing  on  the  subject 
of  parallel  operation  on  machines 
of  unequal  size  have  appeared  in 
the  Journal  please  give  references. 

L.H.G. 

It  is  customary  to  use  the  same 
size  of  leads  for  equalizer  as  for 
mains,  to  secure  a  low  resistance 
connection.  For  articles  on  paral- 
lel   operation    see    the    Seven    Year 


Topical  Index,  p.  12.    Note  especially 
article    by   Mr.    H.    L.    Beach,    Nov., 

1909,    p.    681.  W.A.D. 

567 — Progressive  vs.  Retrogres- 
sive Wave  Winding — What  ad- 
vantages, if  any,  are  possessed  by 
a  progressive  over  a  retrogressive 
wave  winding?  I  have  observed 
that  the  standard  practice  of  one 
company,  for  example,  is  to  use  a 
progressive  winding.  For  instance, 
in  an  armature  with  47  slots  and 
47  commutator  bars  and  having 
coils  laid  in  slots  /  and  //,  the  coil 
leads  are  connected  to  /  and  25.  If 
they  were  connected  to  1  and  24 
instead,  the  end  connections  would 
be  a  little  shorter  and  the  arma- 
ture resistance  therefore  slightly 
lower.  A.C.J. 

There  is  no  advantage  in  a  pro- 
gressive over  a  retrogressive  wind- 
ing except  a  small  difference  in 
length  of  connections  as  noted.  It 
should  also  be  noted  that  winding 
progressively  or  retrogressively  will 
determine  the  direction  of  rotation 
of  an  armature,  other  conditions  re- 
maining constant.  The  progressive 
winding  is  probably  adhered  to 
merely  for  the  sake  of  standard 
practice.  In  fixing  a  practice,  both 
parallel  type  or  lap  windings  should 
be  considered  as  well  as  wave  wind- 
ings. The  arrangement  chosen  might 
show  enough  advantages  in  lap 
windings  to  overbalance  any  disad- 
vantages as  compared  with  other 
windings.  w.a.d. 

568 — Flat  Spots  on  Commutator — 

I  have  a  ten  hp,  220-volt  direct- 
current  motor  on  which  the  com- 
mutator has  become  flat.  Please 
advise  regarding  cause  and  remedy. 

B.F.G. 

Among  the  several  possible  causes 
of  flat  spots  on  commutators  may  be 
mentioned :  Brushes  sticking  in 
holders;  unequal  spacing  of  brushes 
or  poles ;  a  bad  belt,  splice,  broken 
gear  tooth,  or  anything  which  will 
give  the  armature  a  series  of  jolts  or 
jars.  An  armature  having  an  idle 
coil  will  sometimes  develop  a  flat 
spot.  The  cure  is  to  turn  down  the 
commutator  and  correct  any  of  the 
above  conditions  which  may  exist. 
It  is  also  helpful  in  some  cases  to 
undercut  the  mica  in  the  commuta- 
tor. J.M.H. 
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The  value  of  eontinuity  in  electric  service  is  diffi- 
Continuous  cult  to  estimate,  particularly  as  it  varies  un- 
Electric  der  different  conditions.  To  the  operating  corn- 
Service  pany,  interruption  of  service  for  a  few  min- 
utes or  a  few  hours  may  mean  simply  a  loss  of 
revenue,  or  it  may  mean  also  loss  of  prestige  and  the  confidence 
of  the  community,  or  it  may  involve  rebates  or  damages  to  be  paid 
to  its  customers  in  addition  to  the  cost  of  repairs  to  its  own  ap- 
paratus. To  the  user  of  electric  power  an  interruption  may  mean 
little  or  it  may  mean  much.  If  a  motor  is  pumping  water  into  a 
reservoir  and  runs  only  a  part  of  the  time,  a  short  interruption  may 
have  no  effect  upon  the  water  supply  which  the  reservoir  affords. 
In  other  cases  momentary  loss  of  current  may  be  a  matter  of  sim- 
ple inconvenience.  Again,  if  a  motor  is  running  an  automatic  ma- 
chine, the  loss  is  proportional  to  the  length  of  time  that  the  machine 
is  idle.  In  most  cases,  however,  the  loss  is  far  greater  than  the 
loss  of  time  or  the  cost  of  the  electric  power.  In  manufacturing 
operations  where  power  is  essential  to  the  operation  of  machinery 
and  the  performance  of  workers,  the  cost  of  the  power  is  only  a 
few  percent  of  the  total  cost.  Hence,  an  interruption  of  a  few 
minutes,  during  which  time  the  power  might  cost  a  few  dollars, 
may  prevent  the  making  of  several  hundred  dollars  worth  of  prod- 
uct. Sudden  darkness  in  an  electrically  lighted  store  may  prevent 
many  promising  sales.  Furthermore,  in  certain  operations,  inter- 
ruptions in  electrical  service  may  be  followed  by  very  serious  con- 
sequences. If  the  hot  metal  which  is  being  rolled  in  a  steel  mill 
becomes  chilled  while  the  rolls  are  stopped,  or  if  the  presses  of  a 
daily  newspaper  stop  for  half  an  hour  at  a  critical  time,  or  if  the 
fans  or  pumps  which  serve  a  min6  are  idle  too  long,  the  loss  may 
far  exceed  the  cost  of  power  for  a  whole  year. 

Continuity  of  service  means  much  more  now  than  it  did  years 
ago  on  account  of  the  larger  and  more  responsible  work  performed 
by  electricity.  The  dependence  upon  electric  current  due  to  its  in- 
creasing use  in  the  industries,  in  transportation  and  for  general 
domes^^ic  purposes,  will  place  an  increasing  value  upon  continuity. 


590  THE  ELECTRIC  JOURNAL 

In  fact,  the  supreme  test  of  the  central  station  as  a  means  of  sup- 
plying power  for  all  purposes,  including  heavy  railway  service,  may 
depend  even  more  ui)on  its  ability  to  give  good  service  than  upon 
the  actual  price  per  kil  jwatt-hoiu'. 

The  basis  upon  which  continuity  depends  is,  first,  an  engineer- 
ing knowledge  of  the  apparatus  and  methods  which  can  give  good 
results,  then,  the  installation  of  these  appliances  in  the  best  possi- 
ble manner,  and,  lastly,  the  intelligent  operation  of  the  system. 
Now  the  engineering  knowledge  as  to  what  apparatus  is  best,  is 
the  result  of  the  work  of  the  designer  and  manufacturer  on  one 
hand,  and  the  experience  of  the  operator  on  the  other.  The  two — 
knowledge  and  experience — must  go  together,  evolving  the  larger 
and  better  apparatus  which  the  progressing  needs  of  central  sta- 
tions and  transmission  systems  demand. 

If  reliability,  as  well  as  kilowatt-hours  delivered,  is  a  measure 
of  the  value  of  electric  service,  a  company  can  afford  to  install  only 
the  very  best  quality  of  apparatus.  The  engineer  of  one  of  the 
largest  central  stations  in  the  country  has  stated  that  the  policy  of 
his  company  was  to  demand  of  its  engineers  the  very  best  possible 
plant.  In  case  of  breakdown,  the  engineer  could  not  say  it  was  due 
to  cheap  apparatus  or  to  apparatus  cheaply  installed ;  the  engineer 
was  at  fault  if  other  than  the  best  work  had  been  done. 

Even  the  best  i)ossible  plant  must  be  intelligently  operated. 
When  an  unavoidable  accident  occurs  its  effects  may  be  relatively 
small  if  the  operating  force  is  competent  and  alert.  "Reliable 
Electric  Light  and  Power  Service"  is  the  heading  of  a  conspicuous 
statement,  displayed  in  the  advertising  columns  of  a  large  Eastern 
daily,  a  few  days  after  a  fire  early  one  morning  in  one  of  the  main 
distributing  stations,  which  seriously  disturbed  the  electric  supply 
of  the  city.  In  its  statement  the  company  explains  that  through 
the  coolness  and  efficiency  of  its  men,  the  fire  was  put  out  and  the 
electric  current  cut  off  without  seri(jus  injury  or  loss  of  life; 
inside  of  half  an  hour  the  entire  machinery  of  a  large  organization 
was  put  in  motion  to  furnish  current  to  the  customers  who  were  af- 
fected ;  hundreds  of  feeders  and  cal)les  had  had  their  insulation 
partly  destroyed  and  were  covered  l)y  debris  and  completely  flooded 
by  water,  and  fuses  and  catches  in  junction  boxes  through  the 
central  district  of  the  city  had  lieen  blown,  and  the  discon- 
nection of  the  injured  feeders  and  the  reconnection  of  feeders  and 
mains  from  other  sub-stations  had  to  be  made ;  by  ten  o'clock, 
four  and  one-half  hours  after  the  fire  occurred,  thirty  percent  of 
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the  affected  district  was  connected,  by  noon  fifty  percent,  and 
by  evening  all  but  a  very  small  percent  were  receiving  approxi- 
mately the  normal  service ;  the  serious  accident  did  not  affect  public 
service  institutions,  while  theatres  gave  performances  and  news- 
papers were  published  as  usual.  The  company  adds  that  no  other 
source  of  power  or  lighting  supply,  except  that  furnished  by  a  large 
central  station  backed  by  a  large,resourceful  and  efficient  organiza- 
tion, could  be  so  secure  or  so  well  safe-guarded  against  interruption. 

This  public  statement  emphasizes  two  things : — Reliability,  and 
efficient  organization.  It  further  shows  the  ability  of  a  resourceful 
management  to  turn  disaster  to  triumph  Ijy  advertising  to  the  public 
that  the  accident  actually  substantiates  its  claim  for  reliability. 

Of  the  many  articles  which  have  appeared  dealing  with  con- 
tinuity of  power  service  from  one  standpoint  or  another,  few  arc 
more  comprehensive  and  well  considered  than  the  present  one  by 
Mr.  R.  P.  Jacks:jn.  It  presents  in  a  lucid  manner  the  common  ele- 
ments which  tend  toward  interruption  of  service,  and  is  a  valuable 
contribution  to  this  most  important  subject.        CiiAS.  F.  Scott 


At  the  ]jresent  time  the  great  majority  of  the  man- 
New  ufacturing  plants  which  can  eventually  be  supplied 
Business         with  power  from  a  c.Mitral  station,  reciuire  very  care- 
Reports  ful  presentation  of  all  th.e   facts,  both  engineering 
and   commercial,   regarding  the   power  supply  be- 
fore the  manager  of  the  plant  can  be  interested  in  purchased  power. 
The  number  of  cases  where  a  manager  voluntarily  comes  to  a  cen- 
tral station  and  states  that  he  wishes  to  buy  power,  are  very  few 
indeed.     Therefore,  some   form  of  engineering  report  on  the  pos- 
sibilities of  supplying  power  from  a  central  station  must  be   pre- 
sented before   any   real  business   can  be   expected.     Many   central 
stations   have      prepared   regular   reports   of   various   forms.      One 
form  of  report,  which  has  been  found  to  be  particularly  satisfactory, 
is  presented  by  Mr.  Perry  in  this  issue  of  the  Journal. 

Wherever  possible,  it  is  a  good  plan  in  making  out  reports  to 
arrange  the  summary  of  costs  of  steam  drive  and  motor  drive 
side  by  side  in  tabular  form,  so  that  the  costs  can  be  compared 
item  by  item.  In  this  way  it  can  be  seen  at  a  glance  just  where 
the  differences  in  cost  lie.  whether  under  interest  and  depreciation 
or  some  other  items.  It  may  be  mentioned  here  that  great  care 
should  be  exercised  in   preparing  these   two  items   since   they  are 
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bound  to  be  closely  scrutinized  by  the  prospective  power  user. 

These  reports  form  not  only  a  very  satisfactory  means  of  pre- 
senting a  proposition  to  managers  of  industrial  plants,  but  they  al- 
so afford  an  excellent  means  of  interchange  of  information  among 
central  stations.  In  many  localities  there  is  but  one  industry  of  a 
given  kind  in  the  territory  of  a  single  central  station.  Hence,  the 
work  required  on  the  part  of  the  central  station  engineer  is  all 
original  unless  he  is  able  to  draw  on  the  experience  of  other  central 
stations  that  have  similar  industries  in  their  territory.  It  is  to  be 
noted  particularly  that  the  central  station  benefits  by  such  inter- 
change in  a  way  not  possible  in  industries  covering  a  wide  territory, 
because,  in  general,  central  stations  are  in  no  way  competitors  of 
each  other.  When  they  supply  information  to  other  central  sta- 
tions, they  in  no  way  decrease  the  consumption  of  their  own 
product,  but  rather  help  to  build  it  up,  as  the  effect  of  increase 
of  load  is  cumulative,  not  only  for  the  station  supplying  the  increase, 
but  also  for  central  stations  in  general. 

It  is  to  be  hoped  that  all  central  stations  will  adopt  some  such 
form  of  report,  and  that  they  will  also  develop  some  method  of 
interchanging  these  reports,  either  through  the  commercial  section 
of  the  National  Electric  Light  Association  or  in  some  other  suitable 
manner.  S.  A.  Fletcher 


Ratine:  Several  years  ago  a  sub-committee  of  the   Stan- 

Apparatus  dards  Committee  of  the  American  Institute  of 
by  Electrical  Engineers  undertook  to  revise  a   para- 

Performance     graph    specifying    the    method    of    rating    railway 

Curves  motors.      Two   meetings   were   held,   beginning   in 

the  middle  of  the  afternoon  and  continuing  until  seven  or  eight 
o'clock  in  the  evening,  at  which  engineers,  prominent  in  electric 
railway  work  with  manufacturing  and  operating  companies  and  as 
consulting  engineers,  discussed  the  matter  from  all  points  of  view. 
Many  advocated  the  one-hour  rating  and  there  was  long  discussion 
as  to  the  conditions  under  which  tests  should  be  made.  Others 
pointed  out  that  motors  which  might  give  equal  performance  un- 
der tests  at  a  certain  speed  for  a  certain  time  might  differ  widely 
in  their  capabilities  at  other  speeds  and  under  tests  of  long  dura- 
tion. It  was  urged  by  some  that  capacity  tests  should  be  made  un- 
der actual  service  conditions  with  varying  speeds  and  varying 
grades.  It  was  proposed  by  some  designers  that  the  method  should 
be  by  curves  showing  losses  and  thermal  capacity,  and  by  others 
that  a  fair  value  of  the  continuous  capacity  of  a  motor  might  be 
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determined  by  a  continuous  test  at  an  assumed  average  speed  in- 
stead of  by  a  one-hour  test.  All  seemed  to  be  disagreement  and 
confusion.  Instead  of  approximating  a  simple  statement  of  rating 
which  it  was  anticipated  the  railway  experts  could  determine  when 
once  they  got  together,  it  was  found  that  such  a  result  seemed  more 
and  more  impossible  of  attainment.  It  was  then  suggested  that 
the  deliberations  of  the  Committee  probably  exemplified  the  actual 
conditions,  namely,  that  there  was  no  such  thing  as  a  simple,  satis- 
factory rating,  but  that  a  motor  which  must  operate  under  a  wide 
range  of  conditions  must  have  its  capacity  for  meeting  all  these 
conditions  presented,  if  an  adequate  knowledge  of  its  capability 
is  to  be  stated.  It  was,  therefore,  proposed  that  the  outcome  of 
the  Committee's  work,  instead  of  being  a  simple  definite  formula, 
should  be,  in  fact,  a  statement  of  its  dehberation  which  would  pre- 
sent the  facts  that  make  any  simple,  nominal  rating  impossible, 
and  should  further  present  an  outline  of  the  requirements  which  a 
motor  must  meet  for  a  specific  service  and  the  dififerent  methods 
used  by  engineers  in  selecting  a  motor  for  a  specific  service.  Such 
a  statement  was  prepared  and  now  appears  as  Appendix  "B"  of 
the  Standardization  Rules.  The  horse-power  rating  of  a  railway 
motor  is  now  either  done  away  with  entirely,  or  serves  merely  as 
a  convenient  name,  rather  than  as  a  rating  which  is  to  be  used  in 
determining  whether  the  motor  is  suitable  for  a  given  service. 

In  the  designation  of  alternating-current  generators  the  con- 
ditions are  in  some  respects  similar  to  those  of  railway  motors. 
There  is  scarcely  any  one  feature  in  the  specifications  of  electrical 
apparatus  which  has  been  more  evasive  and  has  cost  more  vexatious 
disappointment  than  the  failure  to  understand  the  relation  between 
the  power-factor  of  a  load  and  the  capacity  of  the  generator.  The 
situation  is  even  harder  to  deal  with  than  the  rating  of  a  railway 
motor,  because  the  generator  is  connected  to  an  engine  which  has 
a  definite  power  rating.  The  temptation,  therefore,  is  to  give  the 
generator  an  equal  rating  and  to  overlook  effect  of  power-factor. 

Granting  that  a  given  generator  has  a  different  kilowatt  and 
a  different  kilovolt-ampere  capacity  for  100  percent  power-factor, 
for  90  percent  power-factor,  for  80  percent  power-factor  and  for 
70  percent  power-factor,  why  should  an  attempt  be  made  to  de- 
scribe the  machine  by  designating  a  single  condition?  Again,  if 
the  size  of  the  generator  to  be  driven  by  an  engine  of  i  000  horse- 
power is  determined  by  the  power-factor  of  the  load,  and  is  dif- 
ferent for  loads  of  100,  or  90,  or  80,  or  70  percent  power-factor, 
why  not  designate  generators  in  such  a  way  that  the  exact  con- 
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dition  can  be  known  and  specified?  Jnst  as  it  has  become  common 
to  set  forth  the  capability  of  a  railway  motor,  and,  in  fact,  series 
motors  in  general,  by  certain  speed-torqne  and  time-temperature 
curves,  why  is  it  not  rational  also  to  indicate  the  capability  of  an 
alternating-current  generator  by  a  table  or  curves  showing  its  per- 
missible output  in  kilowatts  and  in  kilovolt-amperes  at  different 
power-factors?  This  method  has  been  tried,  and  is  found  to  go  far 
toward  clearing  up  the  power-factor  mystery,  which  is  so  per- 
sistent among  those  w^ho  are  not  familiar  with  the  fundamental 
relations,  and  it  would  make  smoother  and  more  definite  the  work 
of  those  who  understarid  the  principles  and  want  to  know  the 
facts  in  a  particular  case. 

Furthermore,  as  the  applications  of  electricity  become  more 
specific  and  motors  for  variable  service  must  be  applied  within 
closer  and  closer  limits  for  variable  and  intermittent  loads,  the 
facts  as  to  their  characteristics  cannot  be  satisfactorily  expressed 
by  some  simple  rating,  but  some  means  must  be  adopted  which  will 
definitely  and  clearly  indicate  their  performance  under  different 
condiiions  of  operation  and  service.  Chas.  F.  Scott 


One  of   the  essential  power   requirements   of   city 

^,  newspaioer  plants  is  continuous  service.     The  cost 

Newspaper  .      . 

Load  For        *^^  energy,  while  important,  is  subordinate  to  pro- 
Central  duction.     It  is  significant  in  view  of  this  fact  that 
Stations  .'-o  many  of  the  newspa])ers  in  large  cities  secure 
their    power    from    the    central    station.     Modern 
transforming,    transmission    and    switching    api)aratus    have    been 
brought  to  such  a   con-lition   of   relialiility   that  tlie   central   station 
can  l)ring  power   from  consideral)le   distances   and   deliver   it   with 
greater  reliability  than  can  a  plant  of  few  units  and  small  reserve 
capacity  located  on  the  premises. 

The  wide  range  of  speed  required  by  cylinder  presses,  to- 
gether with  the  necessity  for  frequent  starting  and  stopping  make 
mechanical  drive  from  steam  or  gas  engines  extremely  difficult,  so 
that  electric  drive  has  become  almost  universal. 

A  feature  of  the  installation  at  the  Pittsburg  Press,  described 
by  Mr.  Breed  in  this  issue  of  the  Journal,  which  is  worthy  of 
especial  note  is  the  use  of  synchronous  apparatus  in  the  sub-station 
in  the  building,  and  the  installation  of  a  graphic  recording  meter, 
by  which  continuous  records  of  power-factor  variation  are  obtained. 
The  adverse  effect  of  low  pov^er-factor  upon  the  capacity  as  w^ell 
as  the  voltage  regulation  of  a  system  is  well  known.    The  fact  that 
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modern  generators,  transformers,  etc.,  are  rated  in  kilovolt-amperes 
rather  than  kilowatts  should  make  this  evident  even  to  the  casual 
reader.  The  value  to  the  central  station  of  apparatus  which  can 
furnish  a  load  of  unity  power-factor  or  with  a  leading  power- 
factor  is  becoming  move  and  more  appreciated.  Such  a  load  is 
especially  desirable  if  it  is  suitably  located  and  the  time  during 
which  the  apparatus  is  in  use  coincides  with  the  time  when  power- 
factor  correction  is  most  needed.  After  the  evening  lighting  peak 
goes  oiT,  the  load  on  the  average  station  consists  largely  of  trans- 
former core  losses  and  either  constant-current  arc  regulators  or 
induction  motor-driven  arc  machines,  all  of  which  tend  to  produce 
a  low  power-factor.  Also  during  the  day  industrial  loads  common- 
ly consist  of  induction  motors  operating  at  fractional  loads,  and 
thus  causing  low  power- factor.  Installations  of  synchronous  ap- 
paratus operative  at  either  or  both  of  these  periods  are,  therefore, 
worth  cultivating,  and  if  located  on  over-loaded  feeders  having  poor 
voltage  regulation  are  worth  considerable  etTort  to  secure.  In 
some  cases  it  may  be  worth  while  to  make  it  to  the  advantage  of 
the  consumer  to  maintain  the  power-factor  which  will  give  the 
greatest  corrective  eti'ect. 

By  securing  a  sufficient  amount  of  such  load  a  considerable 
increase  in  revenue-producing  station  and  distributing  capacity  can 
often  be  secured.  In  the  knowledge  of  the  writer,  loads  which 
could  easily  have  been  driven  by  tw^o  engines  required  the  con- 
nection of  a  third  generator  to  carry  the  current  of  the  low  power- 
factor  load.  The  use  of  three  engines,  each  lightly  loaded,  neces- 
sarily resulted  in  poor  engine  efficiency. 

While  the  cost  of  power  in  newspaper  work  is  not  as  important 
as  in  some  industrial  operations,  the  central  station  rate  should  not 
exceed  that  which  could  be  attained  by  a  private  plant.  On  ac- 
count of  the  long  hours  of  operation  and  fairly  uniform  load, 
newspaper  plants  should  secure  a  fairly  low  rate  since  their  period 
of  operation  seldom  overlaps  the  peak  load  on  the  station.  It  is 
unnecessary  to  enter  into  a  discussion  of  the  economies  that  can 
be  secured  by  selling  power  during  the  off-peak  period  at  a  rate  but 
little  greater  than  the  additional  fuel,  oil,  waste  and  labor  required. 
One  point,  however,  th,.t  is  often  overlooked  is  that  any  such  off- 
peak  loads  serve  to  decrease  the  overhead  charges  per  kilowatt- 
hour  output,  because  of  their  effect  in  improving  the  twenty-four 
hour  load  factor,  and  thus  increase  the  profit  on  the  peak  load 
business.  This  is  only  another  angle  from  which  to  view  this  much 
discussed  problem.  H.  N.  Muller 


ELECTRICAL  FEATURES  OF  AN  UP-TO-DATE 
NEWSPAPER  INSTALLATION 

L.  B.  BREED 

THREE  thousand  twenty-page  newspapers  per  minute,  printed 
in  two  colors,  pasted,  cut,  folded  and  deposited  in  piles  of 
fifty  each,  is  the  capacity  of  the  five  big  Goss  presses  in  the 
new  Pittsburg  Press  Building,  which  print  over  loo  ooo  copies  per 
day  in  seven  editions,  the  printing  operation  forming  the  final 
stage  of  a  process  which  is  keyed  to  the  highest  speed  throughout. 
The  Pittsburg  Press  has  recently  taken  possession  of  its  new  fire- 
proof five-story  building,  which  was  erected  on  a  lot  80  by  100  feet 
long,  facing  Oliver  Avenue,  near  Wood  Street.  Here  has  been 
installed  a  complete  and  modern  newspaper  plant,  including  every 
labor  and  time-saving  device  known  to  the  newspaper  world. 

From  the  blue  pencil  of  the  editor  to  the  arm  of  the  newsboy, 
every  mechanical  process  is  carried  on  by  motor-driven  apparatus. 
Power  is  secured  from  a  sub-station  in  the  basement,  where  alter- 
nating current,  furnished  by  the  Allegheny  County  Light  Company 
at  2  200  volts,  is  transformed  to  direct  current  at  1 10  volts.  The 
four  motor-generator  sets,  shown  in  Fig.  i,  consist  of  six-pole,  self- 
starting  synchronous  motors,  directly  connected  to  compound- 
wound  direct-current  generators,  two  of  which  have  a  capacity  of 
100  kw  and  the  others  a  capacity  of  50  kw  each. 

The  motors  are  provided  with  a  squirrel  cage  starting  wind- 
ing and  are  started  from  low-tension  starting  bus-bars,  fed  by  two 
2  200  volt,  165  k.v.a.  auto-transformers.  As  the  machines  are  not 
started  from  the  direct-current  end,  no  synchronizing  apparatus  of 
any  kind  has  been  provided.  The  excitation  for  the  motors  is  taken 
from  the  direct-current  bus-bars.  To  secure  a  uniform  power- 
factor,  the  compounding  of  the  generators  has  been  adjusted  to  give 
a  rise  in  voltage,  as  the  load  comes  on,  of  about  15  percent.  The 
power-factor  on  the  motors  thus  remains  practically  constant  over 
a  wide  range  of  load  without  adjustment  of  the  rheostats. 

In  addition  to  the  usual  instruments,  the  switchboard  is  pro- 
vided with  integrating  wattmeters  to  measure  the  total  alternating 
and  direct-current  power.  A  graphic  recording  power-factor  meter 
is  also  mounted  on  the  switchboard  to  record  the  power-factor, 
and  the  excitation  of  the  synchronous  motors  is  adjusted  so  as  to 
maintain  the   power-factor  desired.     Two  polyphase   meters,   con- 
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nected  in  series,  are  used  on  the  main  supply  circuits,  their  read- 
ings being  averaged. 

One  of  the  interesting  features  of  this  installation  is  the  large 
amount  of  apparatus  that  has  been  crowded  into  a  very  limited 
space.  As  shown  in  Fig.  i,  a  14-panel  switchboard,  four  motor- 
generator  sets  and  four  auto-transformers  are  installed  in  a  room 
18  by  34  feet  in  such  a  manner  that  all  parts  of  the  apparatus  are 
readily  accessible  for  cleaning  anl  for  repairs.  There  is  room  at 
the  front  of  the  board  for  manipulating  switches  and  reading  the 
instruments,  and  room  to  work  at  the  rear  of  the  board  without 


Flu.    I — SUBSTATION   FOR  TRANSFORMING  ALTERNATING  CURRENT  FROM   2  200  VOLTS, 
60-CYCI.ES,   2-PHASE   TO    IIO   VOLTS   DIRECT    CURRENT 


danger  of  contact  with  live  circuits.  To  provide  against  any  possi- 
bility of  breakdown,  two  circuits  at  2  200  volts,  two-phase,  and  an 
additional  circuit  at  2  200  volts,  single-phase,  are  brought  in  from 
the  central  station  lines.  Direct-current  connection  is  also  provided 
with  a  nearby  private  power  plant  of  considerable  capacity,  at  iio- 
220  volts,  three-wire,  the  distributing  circuits  for  light  and  power 
being  so  arranged  that  they  can  be  balanced  on  the  three-wire  sys- 
tem. As  the  basement,  in  which  the  motor-generator  sets  are  in- 
stalled, is  below  the  high-water  level  at  times  of  unusual  floods,  a 
waterproof  wall  has  been  built  around  the  entire  sub-station,  and 
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as  additional  precaution,  a  three-wire  circuit  is  run  to  a  panel  in 
the  press  room,  which  is  entirel}'  independent  of  the  sub-station. 
The  power  for  the  motors  throughout  the  building  is  direct-current, 
and  the  lights  and  electric  matrix  driers  are  single-phase,  alternating 
current. 

In  order  to  include  the  latest  news  items,  stock  cjuotations, 
baseball  scores,  etc.,  it  is  absolutely  essential  that  the  maximum 
speed  be  maintained  throughout  the  various  operations,  and  no  ex- 
pense has  been  spared  by  the  management  to  secure  this  end.  These 
operations  may  be  divided  into  hve  main  divisions :  i — securing 
the  copy;  2 — setting  the  type  and  locking  it  into  the  form  for  the 
page ;  3 — preparation  of  the  matrix ;  4 — casting,  trimming  and  cool- 
ing the  stereotype  plates ;  5 — inserting  the  plates  in  the  presses  and 
printing  the  several  editions. 

THE   EDITORIAL   ROOMS 

On  the  second  and  third  iloors  all  copy  for  the  compositors 
is  prepared,  the  business  and  advertising  rooms  being  on  the  sec- 
ond floor  and  the  editorial  rooms  on  the  third.  Here,  by  telegraph 
and  telephone,  the  dispatches  are  received  from  the  outside  world, 
and  all  local  news  is  prepared  by  the  reporters,  whose  individual 
typewriter  desks  face  those  of  the  city  editor,  the  Tristate  news 
editor  and  copy  reader.  Nearby  is  the  desk  of  the  telegraph  editor 
and  of  the  news  editor,  who  places  the  stories  and  arranges  page 
make-up. 

In  adjacent  rooms  are  the  offices  of  the  sporting  editor,  the 
financial  editor,  the  Sunday  editor,  and  the  various  special 
writers.  In  special  rooms  also  are  the  librarian,  and  the 
keeper  of  the  "morgue."  This  latter  is  quite  an  institution  in  it- 
self, as  it  includes  two  rooms  filled  with  cases  in  which  are  bled 
biographies  and  photographs  of  almost  everyone  likely  to  be  heard 
of  in  the  world's  events. 

In  order  to  facilitate  passing  of  copy  through  the  various  me- 
clianical  processes,  all  of  the  departments  are  arranged  so  that 
the  material  passes  through  them  in  logical  order  and  with  the  least 
handling.  The  typewritten  copy  from  the  editorial  rooms  is  convey- 
ed to  the  composing  room  on  the  hfth  floor  by  means  of  a  motor- 
driven  carrier,  which  deposits  it  automatically  at  any  designated 
>-tution.  This  carrier  is  similar  to  those  used  for  carrying  change 
in  stores  Imt,  instead  of  boxes,  is  fitted  with  sets  of  steel  fingers 
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designed  to  hold  a  standard  envelope.  The  release  mechanism  is 
arranged  so  that  an  envelope  can  he  dropped  and  another  picked  up 
from  the  same  station  In-  the  same  set  of  fingers. 


THE    COMPOSIXG    ROOM 

The  actual  setting  and  arranging  of  the  type  occurs  largely  in 
the  composing  room  on  the  fifth  floor.  The  typesetting  for  much 
of  the  advertisements  and  for  all  of  the  news  is  performed  by  25 
linotype  machines,  each  driven  by  a  small  motor,  which  cast  the 
type,  a  line  at  a  time,  from  delicate  brass  matrices  or  moulds,  and 
automatically  trim  and  cool  the  slugs.    They  arc  Mj.cratrd.  ;i-  shown 


FIG.   2 — GENERAL  VIEW   OF  LINOTYPE   MACHINES 

This  view  includes  about  half  the  machines  on  this  floor.     Each  machine 
is  individually  motor  driven. 

in  Fig.  2,  from  a  keyboard  somewhat  like  that  of  a  typewriter,  and 
at  about  the  same  speed,  being  provided,  however,  with  a  very 
much  greater  range  of  characters  than  any  typewriter,  while  by 
changing  the  magazine,  which  can  be  done  in  less  than  a  minute, 
an  entirely  dififerent  size,  or  font,  of  type  may  be  used.  With  one 
of  these  machines,  a  fast  operator  can  set  2  400  words  per  hour  in 
small  sized  type. 

The  battery  of  linotype  machines  almost  surround  the  copy- 
cutter,  who  receives  the  copy  from  the  editorial  rooms,  sorts  it  as 
to  the    style    of    type    to  be  used,    and    assigns  it  to  the    various 
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operators.  All  of  the  ordinary  reading  matter  is  set  by  the  Hnotype 
machines.  The  display  type  for  advertisements,  headings,  etc.,  is 
set  by  hand.  A  monotype  machine,  casting  the  type  one  at  a  time, 
is  provided,  on  which  a  considerable  portion  of  the  display  type 
is  cast,  and  a  slug  casting  machine  provides  all  necessary  leads. 
Two  motor-driven,  automatic  inking,  proof  presses  are  provided 
for  pulling  proofs. 

After  the  proof  has  been  read  and  corrected  by  the  proof 
readers  and  editors,  the  type  is  laid  out  on  a  stone  in  the  position  it 
will  occupy  on  the  finished  page,  cuts,  rules  and  headings  are  ar- 
ranged in  position,  and  the  whole  is  locked  in  a  heavy  steel  frame, 
or  chase.  One  of  the  features  of  the  Press  equipment  is  the  size 
of  the  make-up  table,  where  eight  pages  are  assembled  simultane- 
ously by  half  a  dozen  men. 

Large  windows  on  three  sides  of  the  room,  and  large  sky- 
lights, all  with  northern  exposure,  provide  abundance  of  daylight 
under  ordinary  circumstances.  General  lighting  is  provided  for  night 
work,  and  in  addition  the  linotype  operators  are  provided 
with  individual  lamps,  while  linolite  lamps  shielded  from  the  eyes 
by  the  space  racks,  furnish  illumination  for  the  cases  of  the  hand 
compositors. 

PREPARATION  OF  THE  MATRIX 

In  a  cylinder  press,  such  as  used  in  newspaper  installations,  the 
impression  on  the  paper  is  made  by  a  metal  plate  whose  surface  is 
identical  with  that  of  the  type  in  the  form,  but  is  curved,  and  is 
clamped  to  the  revolving  cylinders  of  the  press.  To  make  this  plate, 
a  mould  is  necessary,  of  such  a  nature  that  it  can  be  made  from  the 
type  in  the  form,  and  can  be  bent  to  cylindrical  shape  before  the 
cast  is  made.  Such  a  mould,  called  in  newspaper  work  a  matrix,  is 
formed  by  pasting  to  a  sheet  of  special  heavy  moistened 
pasteboard,  a  number  of  successive  sheets  of  close-grained  tissue 
paper.  While  still  moist,  this  sheet,  or  fiong,  as  it  is  called,  is 
laid  over  the  form  of  type,  and  rolled  under  heavy  pressure  in  the 
motor-operated  matrix  roller  into  intimate  contact  with  the  type,  the 
fine,  smooth  surface  of  the  matrix  taking  the  exact  shape  of  all  the 
minute  inequalities  in  the  surface  of  the  type  and  cuts.  It  is  then 
covered  with  a  heavy  felt  blanket,  which  has  been  previously 
thoroughly  dried  and  heated,  and  is  shoved  into  one  of  the  elec- 
trically heated  matrix  driers,    the  blanket  serving  to  absorb  the 
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moisture.  A  uniform  pressure  is  then  applied  by  means  of  com- 
pressed air  while  the  matrices  are  drying.  Automatic  regulators 
maintain  the  temperature  of  the  heater  at  a  constant  value,  only 
slightly  below  the  melting  point  of  the  type  metal.  Thermometers 
showing  the  temperature  of  the  matrix,  and  pressure  gauges  show- 
ing the  air  pressure  in  the  cylinder  are  connected  to  each  machine. 
Two  minutes  are  required  to  dry  the  matrix  on  a  page  of  compara- 
tively solid  type  withour  half-tone  cuts;  three  minutes  for  a  page 

with     cuts,     and     four 


minutes  for  a 
containing  large 
spaces, 
page 


page 
open 
such  as  a  full- 
advertisement. 
The    blank    spaces    in 
the     dry     matrix     are 
tilled  in  on  the  back  to 
prevent    the     pressure 
of  the  type  metal  from 
flattening    them    while 
the  cast  is  being  made. 
An  automatic  air  com- 
pressor  driven    by    an 
8.5    hp    motor  supplies 
compressed  air  for  the 
ables,    starting   up 
A  hen     the     pressure 
drops    to    fifty  pounds 
and    cutting    off    when 
it   reaches   seventy-five 

[pounds. 
In  addition  to  using 
the  fastest  known  wet 
matrix  process,  a  dry 
'mat  process  has  been 
devised  by  means  of  which  a  finished  matrix  may  be  obtained  in 
less  than  10  seconds.  The  mat  is  placed  over  the  form  and  rolled 
in  the  same  manner  as  the  wet  mats,  its  advantage  being  that  no 
subsequent  drying  is  necessary.  This  process  is  at  present  used 
by  the  Press  only  when  exceptional  speed  is  necessary,  such  as  ex- 
tras, large  issues,  etc.,  as  the  wet  process  with  the  electric  matrix 
driers  is  much  less  expensive.    With  tl)e  dry  mat  process  a  time 


FIG.    3 — MATRIX    USED   IN   CASTING   THE  L 

STEREOTYPE  PLATES  [ 

This  matrix  was  dried  on  one  of  the  electric 
matrix  driers,  and  was  used  in  casting  the  plates! 
for  a  regular  run  before  this  cut  was  made.  Thej 
blank  spaces  at  the  top  are  left  to  be  filled  in! 
with   red  ink  by  another  plate.  ■' 
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of   two  minutes   has  been   attained   from   the   locked   form   in    the 
composing  room  to  the  hnished  plate  in  the  press  room. 

THE  STKRF.OTVPE   ROOM 

From  the  composing  room  the  matrices  are  dropped  down  a 
chute  to  the  stereotype  room  on  the  floor  below.  This  room  is  so 
arranged  that  the  material  can  pass  through  it  at  maximum  speed. 
The  matrices  are  trimmed  to  exact  dimensions  in  the  matrix  shears 
and  inserted  in  one  of  the  two  casting  chambers  of  the  casting 
machine  shown  in  b'ig.  4.  The  casting  chamber  is  of  cylindrical 
shape,  and  is  arranged  to  hold  the  matrix  firmly  in  position,  bent 


T-IC.    4 — DOUBLE    JUNIOR    AUTOPLATE    AND    AUTOSH AVER'' 

For  casting  and  finishing  the  plates  from  which  the  papers  are  printed. 

to  the  exact  shape  necessary  for  the  faCe  of  the  plate.  The  casting 
chamber  is  then  closed,  and  type  metal  is  run  in  from  a  large  melt- 
ing pot,  located  at  the  center  of  the  machine.  When  the  metal  has 
solidified,  the  casting  chamber  is  opened,  and  by  means  of  a  clutch, 
the  mechanism  is  started  which  saws  ofif  the  ends,  trims  and  delivers 
the  plate.  The  superfluous  metal  which  has  been  trimmed  off  is  re- 
turned to  the  melting  pot.  Eight  plates  are  ordinarily  cast  from 
each  matrix,  thus  providing  the  two  plates  necessary  on  each  press 
for  each  page.  The  matrices  are,  of  course,  saved  for  possible  use 
in    the   later    editions    of   the    saiue    day.      The   double    auto-plate 


*This  illustration   is   reproduced  through  the  courtesy   of  the  manufac- 
turers, The  Autoplate  Company  of  America,  Nevy  York  City. 
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machine  has  two  casting  chambers,  each  being  operated  indepen- 
dently by  a  7.5  hp  motor,  and  having  a  capacity  of  three  plates 
per  minute. 

From  the  plate  casting  machine  the  stereoty])e  plates  are  taken 
to  the  auto-shaver,  shown  in  the  foreground  in  Fig.  4.  Here  the 
inside  of  the  plate  is  shaved  to  the  proper  thickness,  the  ends  and 
edges  are  trimmed,  the  plate  is  cooled  by  jets  of  water  and  all  metal 
chips  removed  from  tlie  inner  surface  by  means  of  revolving 
brushes.  This  process  is  automatic  and  continuous,  the  capacity  of 
the  machine  being  six  plates  per  minute.  The  plates  are  now  ready 
for  the  press  and  are  sent  to  the  ground  floor  in  one  of  two  plate 
elevators,  each  having  a  capacity  of  six  plates.  The  elevators 
are  motor  driven,  the  control  being  entirely  automatic  by  means  of 
push  buttons.  A  system  of  lamp  signals  is  used  to  announce  to  the 
press  room  employees  that  plates  are  on  the  way. 

The  color  i)lates,  on  account  of  the  large  area  on  the  plate 
wliich  does  n(jt  take  ink,  must  have  a  considerable  part  of  their 
surface  routed  off.  This  is  done  by  a  small  routing  tool  turning 
at  a  speed  of  12000  r.p.m.  and  driven  by  a  two  horse-power  motor. 
By  reason  of  the  high  -^peed  of  tlie  ilying  metal  tlu-own  off  by  the 
router,  these  machines  are  completely  enclosed  with  a  fine  woven 
wire  screen  and  the  operator  is  compelled  to  wear  a   face  mask. 

The  amount  of  work  done  in  the  stereotype  room  may  be 
judged  from  the  fact  that  a  twenty-page  edition  requires  for  the 
four  presses  160  plates  for  the  main  paper,  and  16  color  plates 
for  the  headings.  As  these  plates  weigh  65  pounds  each,  11  440 
pounds  of  stereotype  metal  is  required  for  each  edition. 

The  photo-engraving  rooms  are  also  located  on  the  fourth  floor. 
To  save  time  and  to  insure  proper  working  conditions,  all  photo- 
graphic work  in  these  rooms  is  performed  by  means  of  artificial 
liglit.  The  photographs  are  copied  in  one  of  two  copying  cameras 
by  means  of  an  eight  ampere  enclosed  arc  lamp  with  a  parabolic  re- 
flector on  each  side  of  the  camera.  The  printing  on  the  zinc  plates 
i^  accomplished  by  means  of  a  twenty-five  ampere  open  arc  with 
aluminum  parabolic  reflector.  These  arc  lights,  together  with  a  15 
ampere  arc  used  by  the  staff  photographer,  have  an  average  con- 
.sumption  of  about  20  kilowatt-hours  per  day. 

AP  line  cuts  must  he  routed  out  wherever  a  considerable  open 
space  occurs  between  the  lines.  A  small  motor  driven  router  is 
[n-ovided   for  this  purpose  and  a   small  circular  saw  for  trimm.ing 
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the  cuts.  The  cuts  are  backed  with  type  metal  in  the  stereotype 
room.  Here  also  is  provided  a  shaver  for  reducing  the  thickness,  of 
the  cut  to  the  exact  height  of  the  type,  a  circular  saw,  a  band  saw, 
and  a  trimmer,  all  adapted  to  the  cutting  of  type  metal. 

THE  PRESS  ROOM 

The  presses  are  located  in  the  first  floor  on  brick  piers  built  up 
from  the  basement.  Between  the  piers  and  under  the  floor,  steel  I- 
beams  set  into  the  piers  from  supports  for  the  motors,  which  are 
geared  to  the  presses.  There  are  five  Goss  presses  installed  in  this 
plant,  four  of  them  being  five  and  one-half  decks  high  and  used  for 
the  daily  output,  while  the  fifth  is  four  decks  high  and  is  used  to 
print  the  colored  supplement,  covers,  etc.,  for  the  Sunday  edition. 
The  capacity  of  each  of  the  large  presses  is  18000  forty-page 
papers  or  twice  this  number  of  twenty-page  papers  per  hour,  with 
two  of  the  twenty  pages  printed  in  two  colors. 

In  order  to  secure  the  wide  ranges  of  speed,  and  the  operation 
at  very  slow  speeds,  which  is  essential  at  times,  two  motors  are  used, 
a  7.5  horse-power  compound  motor,  with  a  normal  speed  of  975 
r.p.m.,  driving  the  press  at  slow  speeds  through  a  large  gear  re- 
duction, while  at  high  speeds,  the  press  is  driven  by  a  50  horse- 
power interpole  motor  with  a  speed  range  of  700  to  i  050  by  shunt 
field  control.  The  motors  are  operated  by  the  Kohler  system  of 
control.  A  wiring  diagram  of  one  of  the  control  panels  is  shown 
in  Fig.  5,  the  control  for  each  of  the  presses  being  entirely  separate. 
The  presses  are  operated  entirely  from  the  push  button  stations, 
eight  of  which  are  located  on  each  of  the  large  presses  at  pofnts 
most  convenient  for  the  operators.  In  addition,  by  means  of  a  com- 
mutating  device  on  the  panels,  the  regular  push  button  stations  can 
be  cut  out  and  the  presses  operated  from  an  auxiliary  station  lo- 
cated at  the  center  of  the  press  on  the  lever  side. 

The  press  can  be  started  or  stopped  and  the  speed  adjusted  to 
any  desired  value  from  any  one  of  the  push  button  boxes.  On  press- 
ing the  On  button  the  press  starts  and  continues  to  accelerate  so 
long  as  this  contact  remains  closed.  When  the  pressure  is  removed 
from  this  button,  the  motor  will  continue  to  operate  at  a  constant 
speed  without  further  acceleration.  Any  speed  from  the  slowest  to 
the  fastest  may  thus  be  readily  secured.  Pressing  the  Off  button 
causes  the  press  to  slow  down  gradually.  As  in  the  case  of  the  On 
button,  when  the  finger  is  removed,  the  press  will  continue  to  oper- 
ate without  further  change  in  speed.  Pressing  the  Stop  button, 
opens  the  motor  circuits  and  applies  a  dynamic  brake,  bringing  the 
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press  to  a  quick  stop.  This  button  is  used  in  case  of  emergency. 
All  changes  of  speed  are  accomplished  gradually  and  without  the 
slightest  jerk  or  jar.  When  dressing  the  press  for  a  run  the  cyl- 
inders may  be  revolved  slowly  and  brought  to  any  desired  position, 
a  movement  of  as  little  as  one-eighth  of  an  inch  being  readily  made. 

TABLE    I— VICTORS    INSTALLED    BY    PITTSBURG    PRESS 


Horse-Power 


1/4 

l/G 
1/2 


FIFTH    FLOOR 
R.P.M. 


1  016 

1  170 

SCO 

1  016 


Driving 


Linotype  Machines 
Matrix  Roller 
Monotype  Machine 
Linotype  Slug  Caster 
Proof  Presses 
Circular  Saw 


FOURTH   FLOOR 


8  amp. 

25  amp. 

1/7 


1  050 
1  100 
1  100 
1  350 
1  000 
1  200 

450 
1  150 

875 
1  400 
1  500 
1  600 
1  200 


.Junior  Auto  Plate 

Auto  Shaver 

Curved  Router 

Stirrer  Motor 

Tail  Cutter  and  Sha\  er 

Trimmer 

Band  Saw 

Plate  Shaver 

Air  Compressor 

Tail  Cutter 

Curved  Shaver 

Royle  Router 

8-inch  Circular  Saw 

Enclosed  Arc 

Open  Arc 

Ventilators 


FIRST   FLOOR 


50 
7.5 


700-1  050 
975 


Presses 

Auxiliaiy  on  Presses. 


1 
2 

8.5 
150 

75 
100  kw 

50  kw 


BASEMENT 


1  600 


1  200 
1  200 
1  200 
1  200 


Ventilator 

Baling  Machine 

Air  Compressor  for  Ink  Tank 

Synchronous  Slotors 

Synchronous  Motors 

D.  C.  Generators 

D.  C.  Generators 


ELEVATORS 


Passenger  Elevator 
Freight  Elevator 
Sidewalk  Elevator 
Plate  Elevator 
Paper  Hoists 


Total  outside  of  substation 
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Fin.  5 — wiRixr,  diagkam  of  control  tankls 
C  and  D  are  the  contacts  for  the  armature  resist- 
ance of  the  small  motor  and  E  and  F  for  the  large 
mntor.  resistors  heing  connected  across  the  contacts. 
The  contacts  are  successively  short-circuited  hy  arms 
(in  the  magnet  plunger,  one  of  which  rests  on  C  and 
D  and  the  other  on  E  and  F.  A  resistor  for  the 
Dynamic  Brake  is  connected  from  71   to  74. 


When  plating  the 
cylinders  or  per- 
forming any  other 
operation  requiring 
personal  contact 
with  moving  parts  of 
the  machinery,  each 
\\-orkman  protects 
himself  from  injury 
hy  pressing  the 
Safe  button  at  the 
bottom  of  the  near- 
est push  button  sta- 
tion. This  renders 
all  other  push  button 
stations  inoperative 
for  starting  until  the 
Safe  button  is  re- 
leased by  pressing 
the  Run  button  at 
the  s  a  m  e  station. 
The  Safe  button 
may  also  be  used 
while  the  press  is  in 
operation  to  prevent 
further  acceleration, 
as  with  this  button 
closed  at  any  station 
the  press  can  be 
s  1  o  w  e  d  down  or 
stoj)])cd  f  r  o  m  any 
(■  t  h  e  r  station,  but 
cannot  be  speeded 
u]>  or  started  again 
from  rest,  until  the 
Safe  is  released. 

As  a  further  pre- 
caution, and  as  a 
warning  to  the  oper- 
ators, a  ]:)ush  button 
has  been  placed  near 


AN  UP-TO-DATE  NEWSPAPER  PLANT  607 

each  of  the  operating  stations,  which,  hy  means  of  a  solenoid,  oper- 
ates a  set  of  contacts  in  tlie  circuit  leading  to  the  lamps  on  the 
press.  On  pressing  the  button,  the  lamps  all  over  the  press  flicker 
rapidly,  giving  warning  that  the  press  is  about  to  be  started. 

As  shown  in  the  wiring  diagram.  Fig.  5,  the  controller  is  en- 
tirely automatic,  and  is  so  arranged  that  acceleration  is  smooth 
and  rapid.  All  speed  changes  are  produced  by  the  action  of  the 
rheostat  solenoid.  The  plunger  of  this  magnet  is  normally  re- 
tained in  its  position  by  a  small  pawl  and  ratchet,  which  prevents 
movement  in  a  downward  direction.  The  operation  of  the  On  coil 
releases  the  pawl,  allowing  the  plunger  to  drop,  its  action  being 
restrained  by  a  dashpot.  which,  can  be  adjusted  to  give  any  desired 
rate  of  motion.  As  the  plunger  descends,  the  small  motor  is  started 
through  the  closure  of  the  small  contacts  at  the  top  of  the  coil  which 
energize  the  small  motor  solenoid,  and  close  the  armature  circuit 
through  the  starting  resistance.  This  armature  resistance  is  then 
gradually  cut  out,  bringing  the  small  motor  u])  to  full  speed.  As 
the  large  motor  is  geared  to  the  press,  it  also  is  brought  up  to  a 
slow  speed,  though  without  current  in  its  armature,  the  full  speed 
of  the  small  motor  corresponding  to  35  r.p.m.  of  the  large  motor. 
Further  motion  of  the  plunger  then  energizes  the  large  motor 
through  its  starting  resistance,  which  is  in  turn  gradually  cut  out, 
bringing  the  large  motor  up  to  its  maxinuun  speed  with  full  field 
strength.  As  the  plungei  descends  still  farther,  resistance  is  gradu- 
ally cut  into  the  shunt  field  circuit  of  tlie  large  motor.  Slow  speed 
operation  of  both,  motors  is  secured  by  armatiu-e  resistance,  while 
Ifigh  speed  of  the  large  motor  is  attained  by  inserting  resistance  in 
the  shunt  field.  The  shunt  fields  of  both  motors  are  in  the  circuit 
continuously,  as  long  as  [he  main  switch  is  closed,  being  independent 
of  the  action  of  the  solenoid  contacts.  The  dynamic  braking  thus 
takes  place  with  full  ficl.l  strength. 

The  small  motor  drives  the  press  through  a  pawl  and  ratchet. 
As  the  large  motor  attains  a  speed  higher  than  the  maximum  speed 
of  the  ratchet  wb.cel,  which  is  geared  to  the  small  motor,  the  pawls 
slip  over  the  teeth  on  the  ratchet  wheel  until  thrown  out  of  con- 
tact by  centrifugal  force,  it  will  be  noticed  on  the  diagram  that 
as  the  large  motor  takes  the  load  and  increases  in  s]:)eed,  the  start- 
ing resistance  is  cut  back  into  the  armature  circuit  of  the  small 
motor,  and  later  the  small  motor  circuit  is  interrupted  by  the  con- 
tacts at  the  top  of  the  rheostat  solenoid,  so  that  the  small  motor 
is  idle  during  the  normal  operation  of  the  press. 
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The  operation  of  the  Off  Coil  serves  to  energize  the  coil  of 
the  Rheostat  Solenoid  and  Hft  the  plunger,  making  and  breaking 
the  various  contacts  in  ;he  reverse  order  from  that  of  the  On  Coil. 
When  most  of  the  armature  resistance  has  been  cut  into  the  cir- 
cuit of  the  large  motor,  the  small  motor  is  started  again,  and  brought 
up  to  speed,  carrying  the  load  again  at  slow  speeds.     All  resistances 


FIG.   6 — GENERAL  VIEW   IN   THE  PRESS   ROOM 

There  are  five  large  Goss  presses  in  this  room.  The  Kohler  control 
board  is  on  a  gallery  at  the  left.  The  rolls  of  paper  are  fed  in  at  the  left 
and  come  out  as  finished  papers  at  the  right.  Several  of  the  stereotype  plates 
which  make  the  impressions  are  standing  in  the  foreground. 

are  designed  for  continuous  operation,  and  as  the  action  of  the 
rheostat  can  be  arrested  at  any  point,  it  is  evident  that  any  desired 
speed  can  be  maintained  indefinitely. 

The  contacts  of  the  Safe  button  are  all  in  series  in  the  circuit 
of  the  On  button.  It  is  thus  impossible  to  energize  the  On  coil  when 
the  Safe  button  is  pressed,  although  both  the  Off  and  the  Stop  but- 
tons can  be  energized  at  will. 
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Overload    relays    are    inserted    in   the 

armature  circuit   of   both   motors,  their 

secondary  contacts  being  in  series  with 

the  contacts  of  the  Stop  Coil.  The  action 

g-  of  any  of  these  coils  is  to  open  the  con- 

^    trol  circuit  of  the  Main  Solenoid,  which, 

^    in  dropping,  opens  the  armature  circuit 

^    of  both  motors,  and  shunts  them  with  a 

'^    low   resistance,  bringing  the  press  to  a 

i!    very  quick  stop. 

•^        All  coils  on  the  control  panel,  which 

^    remain    energized  during  the  operation 

^    of   the   press,   are   provided   with   a   re- 

-    sistance,  which  is  automatically  inserted 

"^    in  the  circuit  after  the  magnet  operates. 

§■1    This  resistance  serves  to  reduce  the  cur- 

j  «    rent  to  the  lowest  value  which  will  re- 

S  -a    tain  the  plunger  in  position,  and  prevents 

I  o,  heating  the  coil.      Interlocking  contacts 

g  ^    prevent  the  main  solenoid  from  closing 

^■^    when  the  rheostat  is  not  in  the  starting 

g-^    position,  and  also  close  the  Off  coil  cir- 

""g    cuit    whenever    the    Main    Solenoid    is 

I  "1  open,  returning  the  rheostat  to  the  start- 

t  S*   ing  position.     It  is   thus  impossible  for 

^^    the  motors  to  be  started  or  to  accelerate 

'^  ^    in  other  than  the  normal  manner,  and  if 

55    the  press  is  stopped  by  the  tripping  of 

.S    an  overload  relay,  it  can  be  immediately 

"g    started  again  from  any  of  the  push  but- 

£    ton  stations,  without  the  necessity  of  a 

■g    trip  to  the  control  panels. 

'^        The  operation  of  the  presses  is  evi- 

-    dent    from    Fig.    6.     Each    full    deck   is 

2    equipped  with  two  cylinders  on  the  same 

e    level,    all    the    cylinders    on    the    press 

^    being  geared  together  so  as  to  rotate  at 

exactly  the   same  speed.     Each  of   the 

stereotype  plates  covers  one-half  of  the 

width  of  the  cylinder,  so  that  there  are 

four  plates  to  a  cylinder  and  44  plates  to 

each  five  and  one-half  deck  press.     For 
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a  forty-i)age  paper,  all  of  the  plates 
are  different.  For  a  twenty-page 
paper,  the  plates  which  are  back  to 
back  on  the  cylinders  are  similar, 
and  two  papers  are  printed  at  each 
revolution. 

Five  rolls  of  paper  are  fed  into 
the  presses  at  a  time,  one  roll  feed- 
ing each  deck.  Each  of  the  rolls  is 
38  inches  wide  and  contains  16  500 
feet  of  paper,  its  weight  being 
about  700  pounds.  When  running 
at  t(jp  speed,  the  web  passes 
through  the  presses  at  the  rate  of 
I  200  feet  per  minute.  The  paper 
passes  over  one  cylinder  and  under 
the  other  on  each  deck,  to  receive 
impressions  on  both  sides,  and  is 
pressed  firmly  against  the  plates  by 
a  blanket  covered  impression  cylin- 
der. The  paper  from  the  top  roll 
also  passes  around  the  cylinder  in 
the  extra  half  deck,  receiving  a  col- 
ored impression  for  the  colored 
headlines,  etc.,  on  the  first  page. 

The  ink  is  supplied  by  composi- 
tion rollers,  which  rotate  in  contact 
with  the  plates  on  the  opposite  side 
from  the  paper.  Any  color  of  ink 
desired  can  be  supplied  to  any  cyl- 
inder, and  the  paper  can  be  run 
through  as  many  decks  as  desired. 
Thus  in  the  press  shown  in  the 
foreground.  Fig.  6,  the  paper  is 
regularly  run  through  several  decks 
in  succession,  receiving  a  dift'erent 
colored  impression  from  each  cyl- 
inder. This  press  is  used  for  the 
colored  supplements  of  the  Sunday 
edition.  On  account  of  the  many 
superimposed  impressions,  its  oper- 
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ation  is  necessarily  somewhat  slower  than  that  of  the  others  in 
which  one  color  only  is  used.  From  the  plate  cylinders  the  paper 
passes  to  the  folder,  where  the  several  sheets  are  arranged  in  orderj 
pasted  in  the  center,  cut  apart,  folded  and  counted,  every  fiftieth 
paper  being  thrown  out  from  the  folder  farther  than  the  others. 

Every  possible  time  and  labor  saving  auxiliary  has  been  pro- 
vided to  facilitate  the  operation  of  the  presses.  Extra  rolls  of 
paper  are  kept  on  racks  at  the  rear  of  each  press  so  that  when  a 
roll  from  which  the  pres^  is  feeding  is  exhausted,  it  can  be  replaced 
immediately.  Electrically  operated  paper  hoists  are  used  to  ele- 
vate the  rolls  from  the  basement,  and  place  them  on  the  racks.  The 
ink  is  supplied  to  the  ^oilers  by  ink  fountains,  especially  designed 
to  provide  a  uniform  suppl}^,  which  are  in  turn  fed  from  a  large 
ink  tank  in  the  basement,  the  ink  being  raised  by  compressed  air, 
supplied  by  a  small  motor  driven  compressor,  and  piped  to  the  de- 
sired point  on  the  press. 

The  power  taken  bv  the  presses  varies  both  with  the  speed  and 
the  luimber  of  decks  in  operation.  The  cylinders  are  so 
geared  together  that  all  must  rotate  at  once.  When  a  deck 
is  idle,  however,  the  ink  rolls  are  lifted,  and  the  drag  of  the  paper 
is  absent.  As  friction  brakes  are  placed  on  the  end  of  each  roll 
to  keep  the  paper  taut  in  passing  through  the  press,  this  makes 
quite  a  difference  in  the  power  readings. 

Tlic  curves  shown  in  Figs.  7  and  8  were  taken  during  the  regu- 
lar operation  of  the  press,  while  printing  a  24-page  paper  at  the 
rate  of  about  14  000  per  hour,  using  three  and  one-half  decks,  with 
two  colors  on  the  first  page  only.  These  curves  show  the  character 
of  the  load  under  various  conditions,  but  not  at  the  full  capacity 
of  the  press.  When  running  at  about  the  same  speed,  with  all  decks 
in  operation,  printing  20-page  papers,  the  current  taken  is  from  250 
to  280  amperes,  and  when  running  at  full  capacity  and  with  a  cyl- 
inder speed  of  300  r.p.m.,  a  reading  of  368  amperes  was  secured. 

The  readings  of  the  integrating  wattmeters  on  the  switchboard 
indicate  a  very  uniform  power  consumption.  The  motors  through- 
out the  i^lant,  except  the  elevators,  consume  an  average  of  2  555 
kilowatt-hours  per  week.  The  lights,  including  the  matrix  driers, 
consume  an  average  of  3  800  kilowatt-hours  per  week.  As  tests  on 
the  matrix  driers  indicated  a  consumption  of  i  260  kilowatt-hours, 
this  leaves  2  340  kilowatt-hours  used  for  the  lights,  or  practically 
the  same  as  for  tlie  power. 


SECURING  FACTORY  LOADS  FOR  CENTRAL 
STATIONS 

LUTHER  P.  PERRY 

ELECTRIC  LIGHT  and  power  companies  throughout  the 
country  are  continually  endeavoring  to  increase  their  motor 
loads.  The  more  progressive  companies  have  entered  into 
active  campaigns  to  supply  all  the  power  required  within  their  fran- 
chise limits.  This  is  but  the  natural  function  of  the  central  station. 
As  a  first  requirement  in  securing  this  load,  power  must  ordinarily 
be  offered  at  a  price  which  is  less  per  unit  of  factory  output  than 
that  which  can  be  secured  by  using  an  isolated  plant,  and  the  sav- 
ing to  be  secured  must  be  proven  conclusively  to  the  prospective 
power  user.  The  average  factory  manager  is  unwilling  to  concede 
the  numerous  advantages  of  central  station  service,  principally 
because  he  is  unacquainted  with  them.  He  has  become  attached 
to  his  private  plant,  the  product  of  his  own  engineering.  His  ac- 
counting system  has  been  arranged  to  show  the  cost  of  manufac- 
tured output  rather  than  the  cost  of  the  power  used.  If  approached 
with  an  invitation  to  electrify  with  central  station  service,  he  may 
argue  that  his  engine  is  used  as  a  reducing  valve  between  the  boiler 
and  the  exhaust  steam  heating  system ;  that  the  labor  incident  to 
the  production  of  power  would  have  to  be  employed  anyway,  and 
that  certain  repairs  on  the  engine,  etc.,  are  extraordinary  expenses 
which  preferably  would  not  be  charged  to  normal  operation  of  the 
plant. 

To  determine  definitely  the  relative  cost  of  isolated  plant 
power  and  central  station  power,  generalities  must  be  cast 
aside  and  the  problem  attacked  in  a  logical  and  thorough  manner. 
After  an  engineer  has  investigated  a  private  plant,  his  findings 
should  be  presented  to  the  plant  management  in  condensed  form, 
systematically  arranged  and  definitely  expressed.  The  writer  has 
found  that  reports  on  private  plants  may  be  very  effective  if  de- 
veloped as  follows : — 

I — Description  of  the  physical  plant,  its  functions,  tests. 

2 — Analysis  of  the  present  yearly  cost  of  power. 

3 — How  to  apply  central  station  service. 

4r-Estimated  yearly  cost  with  central  station  service. 

5 — Comparison  of  the  cost  and  the  effectiveness  of  the  ex- 
isting and  the  proposed  systems  of  motive  power. 
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While  including  all  necessary  data,  reports  must  be  brief  and 
snappy — logical,  not  rambling.  The  superintendent  is  usually  a 
busy  man,  and  has  no  time  for  long  drawn  out  reports.  It  is  some- 
times desirable  to  attract  his  attention  by  incorporating  in  the  intro- 
ductory paragraph  a  statement  of  the  saving  or  other  results  to 
be  effected  by  the  change.  He  is  then  more  likely  to  follow  the 
reasoning  of  the  report  throughout. 

The  following  is  an  abstract  of  a  typical  power  report.  In 
order  to  reduce  it  to  the  space  here  occupied  much  of  the  descrip- 
tive matter  under  the  various  headings  has  either  been  condensed 
or  omitted  altogether : — 

POWER  REPORT  OF  THE  BURTON  MOORE  CO. 

City,  State.  '   ' 

Report  No.  155.  Date,  . 

The  Burton  Moore  Company  is  engaged  in  the  manufacture  of  metal 
stampings  and  screw  machine  products.  The  factory  occupies  the  entire 
block  bounded  by  Fifth,  John,  Sixth  and  Smith  streets.  Light,  heat  and  belt 
power  are  supplied  by  an  isolated  steam  plant  adjacent  to  main  building. 

This  report  gives  a  comparison  between  the  cost  of  light,  heat  and  power 
as  at  present  produced  and  the  cost  with  electric  motor  drive  using  energy 
purchased   from  the  City  Electric  Company. 

The  comparison  shows  that  an  annual  saving  of  over  $5  000  can  be  se- 
cured, representing  a  yearly  profit  of  200  percent  on  the  net  investment 
required  to  make  the  change ;  also  that  the  output  can  be  increased  without 
additional  investment  for  machines,  except  for  the  motors,  and  that  the  nu- 
merous incidental  advantages  of  electric  drive  will  be  available. 

TABLE  OF  CONTENTS 

(Under  this  heading  an  outline  index  of  the  report  is  given  for  reference 
purposes.     In  a  type-written  report  side  headings  can  be  used  to  advantage.) 

DESCRIPTION  OF  THE  PRESENT  PLANT 

Buildings —             Size  Number  of  Floors.  Volume 

Main  60' x  404'  Basement  and  4  floors  1440000  cu.  ft. 

Annex  73' x  112'  "            "     4      ''  530  000  cu.  ft. 

Annealing  48' x  63'  "            "     2      "  (not  heated) 

Dipping  52'xTi2'  "            "     i       "  (not  heated) 

Office  40'  x  80'  "            "     2      "  70  000  cu.  ft. 

Total  heated  contents 2  040  000  cu.  ft. 

Bcilcrs — Four  200  horse-power  Heine  water  tube  boilers  installed  in 
1901,  operating  at  90  pounds  pressure  and  limited  to  a  pressure  of  115  pounds, 
burning  a  i  to  i  mixture  of  pea  coal  and  Pocahontas  coal  with  a  forced  draft 
of  3.5  inches. 

Engines — One  36  by  72  inch,  54  r.p.m.  Corliss  engine  built  in  1901  is 
belted  to  a  main  jack  shaft,  to  which  in  turn  is  belted  the  machinery  on 
the  various  floors  of  the  main  factory.  Part  of  the  exhaust  from  the  engine 
is  used  for  tlie  vacuum  heating  system.  An  indicator  card  from  this  engine 
at  about  its  average  load  is  shown  in  Fig.  i.  One  7  by  8  inch,  200  r.p.m.  Ajax 
engine  drives  a  No.  9  Sterling  blower  for  forced  draft  under  the  boilers. 

Feed  Water — One  3.5  and  5.5  by  5  inch  stroke,  duplex  steam  driven  feed 
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pump  receives  water  from  the  City  Water  Company  at  70  pounds  pressure 
and  forces  it  through  the  feed  water  heater  to  the  boilers  against  a  pressure 
of  90  pounds.  All  feed  water  passes  through  this  pump.  Allowing  ten 
percent  slippage,  every  complete  pump  cycle  feeds  seven  pounds  of  water.  For 
the  month  ending  August  4th,  1910,  a  counter  on  the  pump  registered  a  total 
of  4  180000  pounds.  This  divided  by  the  801  400  pounds  of  coal  burned,  gives 
an  evaporation  of  5.2  pounds  of  water  per  pound  of  coal. 

Dipping  Room  Steam — Three  wooden  tanks  4  by  4.5  by  5  feet  deep  are 
kept  fidl  of  boiling  solution  by  bleeding  in  steam.  One  sawdust  box  4  by  4 
by  10  feet  is  kept  hot  with  steam  coils.  The  steam  consumption  of  the  above 
sliows  a  heat  expenditure  equivalent  to  the  burning  of  0.8  tons  of  coal  per 
day. 

Belt  Driz'cs — Belts  driven  from  tlie  main  jack  shaft  are  numbered  from 
1  to  8  and  drive  the  following  machinery: 

No.  I  belt,  26  inches  wide  and  120  feet  long,  drives  one  100  kw,  125  volt, 
600  r.p.m.  direct-current  generator,  nine  250  pound  drop  hammers,  and  the 
machines  in  the  assembling  department. 

No.  2  belt,  etc. 


DIAMETER    OF   C 

Scale  or  Sphi 
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;      BOILER    GAUGE         SO                 ,      VACUUM    GAUGE 

FlC.     T rVl'J'AL     T.MlK'.VroR    V  \RD    FROM     SIMPLE    CORLIS.S     EXCI.M 

This  c;ird  has  been   reduced  to  tvvo-tliirds  its  original  size  and 
a  load  of  570  horse-power. 


Eiigiue  Tests — A  test  in  igo.s  showed  410  indicated  horse-power.  A  test 
m  1907  showed  z|6o  indicated  horse-power. 

On  April  i8th,  191 1,  engineers  made  tests  in  connection  with  this  report 
every  ten  minutes,  all  day.  The  results  appear  in  the  form  of  a  load  curve 
in  Fig.  2.  The  average  load  was  520  indicated  horse-power;  the  maximum. 
61  t;  the  minimum  during  shop  hours,  470;  and  the  friction  load  composed 
of  engin,-,  shafting,  and  loose  pulleys  after  all  employes  had  left  the  shop  at 
noon,  260.  The  lighting  generator  has  an  average  daily  output  throughout 
the  year  of  174  kilowatt-hours,  and  a  maximum  load  of  88  kilowatts. 

PRESENT   COST   OF   LIGHT,    HE.\T   AND   POWER 

Plant  Costs— The  original  cost  of  the  boiler  and  engine  plant  was  as 
follows : 

Power  house  structvire $  7000 

Boilers  and  stack  erected 16000 

Engine,  foundations  and  piping 15000 

Jackshaft.   heavy  Iielts  and   gener;ttor 7  000 

Total $43  000 
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Depreciation — The  life  of  this  plant  is  determined  not  so  much  by  when 
it  becomes  physically  useless  as  by  when  it  has  become  obsolete,  at  which  time 
it  should  be  replaced  by  a  more  effective  and  economical  source  of  power. 
An  allowance  of  five  percent  on  the  original  plant  cost  will,  in  14  years,  if 
compounded,  equal  the  original  plant  cost.     Five  percent  of  $45000  is  $2250. 

Interest — It  is  assumed  that  the  company  has  set  aside  each  year  an  allow- 
ance to  cover  depreciation,  so  that  the  plant  at  the  present  time  represents  an 
investment  of  about  $25  000,  upon  which  interest  must  be  paid  at  five  percent, 
or  $1  250  yearly. 

Taxes  and  Insurance — 2.5  percent  of  $25  ooo  is  $625. 

Coal — Actual  cost  records  for  the  past  year  give  $15  268. 

Labor — Engine  and  boiler  room  have  been  charged  $2882.  Add  for  the 
oiler  on  the  inaccessible  jack  shaft  and  for  the  master  mechanic,  whose  at- 
tention is  frequently  required  for  the  upkeep  of  the  heavy  transmission 
equipment,  $600.     Total  for  labor,  $3  482. 

-^i-'a /(?;■— Actual  cost  for  the  past  year,  $1  297. 

Oil — Books  charge  the  engine  room  $218.  To  this  add  for  jack  shaft 
01!  and  grease,  and  for  the  blower  engine  oil,  $468,  making  a  total  of  $686. 


Executive  Attention — In  addition  to  the  labor  charges,  the  production  of 
power  makes  frequent  demands  upon  the  time  of  the  superintendent,  while 
there  is  a  steady  demand  upon  the  time  of  the  bookkeepers  and  purchasing 
department.  The  elimination  of  the  private  plant  may  not  reduce  the  sala- 
ries of  these  men,  but  they  will  be  more  valuable  in  their  other  duties,  and 
this  time  should  be  charged  to  the  production  of  power.  In  the  present  case 
this  amounts  to  about  $500  per  year. 

Repairs  and  Rcncicals — Cost  for  the  past  year,  $600;  for  the  year  pre- 
vious, $1  500,  and  average  for  three  years,  $1  000. 

Floor  Rental — The  main  belt  runs  occupy  3200  square  feet  of  floor  area 
which  is  worth  for  manufacturing,  at  25  cents  per  square  foot,  $800  per  year. 

Loss  in  Production — The  drive  is  so  inflexible  that  trouble  with  any  one 
of  the  larger  belts,  jack  shaft,  engine  or  the  boilers  necessitates  the  shutting 
down  of  the  entire  plant.  These  forced  shut  downs  aggregate  about  ten 
hours  or  one  day  per  year  and  cost  in  non-productive  labor  alone,  $500  per 
year. 

Auxiliary  Service — The  cost  of  service  now  purchased  from  the  Electric 
Compan\'  for  use  when  twri  departments  run  overtime  on  repairs  and  rush 
orders  is  $427  per  year. 

Sundries — Actual  cost  recorded  on  books,  $262. 


6i6 


THE  ELECTRIC  JOURNAL 


SUMMARY   OF    COSTS STEAM    DRIVE 


Interest $  i  250 

Depreciation 2  250 

Taxes  and  Insurance   .    .  62^ 

Coal 15268 

Labor 3  482 

Water i  297 

Oil 686 


Brought  forward  .    .    . 

$ 

24858 

Executive  attention  .    . 

SCO 

Repairs  and  renewals  . 

I  000 

Floor  rental   

800 

Loss  in  production   .    . 

500 

Auxiliary  service  .    .    . 

427 

Sundries  ...".... 

262 

Part  Total 


$24858  Total   .    .    .    . 

DESCRIPTION  OF  MOTOR  DRIVE 


$28347 


Installing  Motors — Motors  can  be  erected  individually  by  your  mill- 
wright's force  without  interfering  with  the  factory  output.  Existing  belts  will 
be  gradually  disconnected  until  the  engine  can  be  shut  down. 


LIST   OF   MOTORS  REQUIRED 

Size 

Speed 

Location 

Replacing 

Driving 

25  Hp. 
10  Hp. 
Etc. 

880  r.p.m. 
I  150  r.p.m. 

Floor  I 
Floor  I 

Belt  No.  I 
Belt  No.  2 

Drops 
Assembly 

Total  572  horse-power  in  motors,  cost  $4527. 

Net  Load  on  Motors — Average  engine  load  of  520  indicated  horse-power 
less  seven  percent  lost  in  engine  equals  484  brake  horse-power  at  engine 
tiywheel,  less  34  horse-power  delivered  to  generator  and  52  horse-power  to 
be  saved  by  eliminating  heavy  shafts  and  belts,  by  shutting  down  department 
motors  when  running  same  short  time  and  by  the  use  of  individual  motor 
drive,  equals  398  horse-power  to  be  delivered  by  motors.  This  means  a 
motor  input  of  355  kilowatts  of  electricity,  including  the  motor  losses. 

Electricity  Consumption — Adding  17  kilowatts  for  lighting  to  the  355 
for  power  gives  2>7^,  the  average  load.  This  multiplied  by  234  hours  per 
m.onth  and  by  11.7  working  months  per  year  gives  a  yearly  consumption  of 
electricity  of  i  018  500  kilowatt-hours. 

Lighting  System — (Alterations  for  the  new  supply  and  for  improving 
the   efficiency   of  lighting,   etc.) 

Factory  Heating — Exhaust  steam  will  no  longer  be  available  and  low 
pressure  live  steam  will  be  used  for  heating.  The  amount  of  coal  required 
for  factory  heating  and  for  the  dipping  department  would  be  computed  with 
reference  to  the  radiation  surface.  _  Comparing  this  factory  with  others 
whose  coal  consumption  for  heating  is  known,  we  would  estimate  that  510 
tons  of  coal  per  year  will  be  required. 

COST   OF   LIGHT,   HEAT    AND   POWER    WITH    CENTR.\L    STATION    SERVICE. 

Investment— ^oWtr  plant  represents  value  of  $7187;  motors  cost  $4527; 
erecting  and  wiring  motors,  $1400;  total,  $13114. 

Interest — Five  percent  of  $13114  is  $656. 

Depreciation — ^Five  percent  will  be  taken  upon  half  of  the  original  cost 
of  the  boiler  plant  and  power  house  ($11500),  also  upon  the  cost  of  the 
motors  and  wiring  ($5  927).   Total,  $17  427.   This  is  a  charge  of  $871  per  year. 

Taxes  and  Insurance — 2.5  percent  of  $13  114  is  $328. 

Coal — 510  tons  at  $4  equals  $2040  per  year. 

Labor — In  summer  the  fireman  will  have  little  to  do,  and  in  winter  he 
can  easily  handle  the  boilers  for  heating.     Appropriation,  $700. 

Renewals — Wholesale   elimination    of    extensive    old    equipment   and    re- 
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duced  demands  upon  the  boilers  will  reduce  this  item  to  $200  per  year.  Fol- 
lowing is  a  list  of  belts  to  be  discontinued : 

No.  I — Main  drive  belt,  etc. 

OH  and  Waste — Motor  oil  wells  may  use  20  gallons  per  year.  Charge 
for  oil,  waste,  etc.,  $14. 

Removal  of  Ashes — Reduced  in  same  proportion  as  coal  to  $50. 

Sundries — With  the  existing  engine  drive  an  abnormal  load  in  one 
department  results  either  in  a  slipping  belt  or  broken  machinery.  With 
motor  drive  an  abnormal  load  due  to  an  accident  or  improper  operation  of 
power  transmission  equipment  would  cause  a  fuse  to  operate  allowing  the 
motor  to  come  to  rest.     Fuses  and  motor  parts  are  estimated  at  $50. 

Water — With  the  vacuum  return  heating  system,  there  will  be  purchased 
water  to  supply  leakage  only,  $85. 

Items  Elijninatcd — Motors  will  be  suspended  from  the  ceiling;  therefore 
no  floor  space  is  chargeable  to  distribution  of  power.  The  proposed  central 
station  service  is  for  24  hours  per  day;  therefore  no  auxiliary  service  charge 
is  necessary,  even  though  one  or  more  departments  must  work  overtime. 
Judging  from  a  record  of  the  past  four  years  in  similar  installations  there 
will  be  no  loss  in  production  due  to  failure  of  central  station  power. 

Electricity — A  yearly  consumption  of  I  018  500  kw-hrs.  would  be  charged 
at  a  rate  dependent  upon  the  monthly  consumptions,  and  would  for  the. past 
year  for  this  plant  average  1.8  cents  per  kw-hr.  which  would  make  a  yearly 
bill  of  $18333.  This  especially  low  rate  is  possible  in  this  case  on  account 
of  the  favorable  load  factor,  and  proximity  to  the  generating  station. 

The  rate  schedule  follows:     (Give  rates  in  detail  here.) 

SUMM.VRY   OF   COSTS MOTOR  DRIVE 

Interest $     656  Brought  forward  ....  $  4680 

Depreciation 871  Oil  and  waste 14 

Taxes  and  insurance   .    .  328  Repairs  and  renewals   .    .  200 

Coal 2  040  Removal  of  ashes  ....  50 

Labor 700  Sundries 50 

Water 85  Electricity   .    , 18330 


Part  Total $  4680  Total $23324 

CONCLUSION 

Present  cost  of  light,  heat  and  power $28347 

Cost  with  central  station  service 23324 


Annual  saving  with  central  station  service   ....  $  5  023 

The  cost  of  installing  the  electric  drive  would  not  exceed  $2000,  were  the 
discarded  steam  engine,  generator,  shafting  and  belts  sold  and  proceeds  ap- 
plied toward  the  electric  equipment. 

A  profit  of  200  percent  per  year  is  to  be  made  on  the  net  cash  outlay  by 
the  use  of  central  station  service. 

Failure  of  the  Burton  Moore  Company's  present  engine  drive  would 
cause  a  tremendous  loss  in  factory  output  and  prestige. 

The  central  station  which  offers  its  service  has  a  capacity  forty  times 
as  great  as  that  of  this  isolated  plant,  is  equipped  with  large  up-to-date  units, 
is  operated  as  skillfully  and  with  as  perfect  service  as  can  to-day  be  pro- 
duced, and  has  an  enviable  reputation  for  continuity  of  service. 

The  best  motiz'e  pozver  known  to  man  is  the  electric  motor,  driven  from 
the  modern  central  station.  This  power  can  now  be  installed  in  your  factory 
at  small  expense,  and  the  cost  of  operating  with  it  is  less  than  your  present 
cost.  Respectfully  submitted,  (Signed) 

When  such  a  report  has  found  its  way  to  the  hands  of  the 
factory  management,  it  immediately  becomes  the  basis  for  definite 
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action.  A  thorough  mutual  undertsanding  is  soon  reached  as  to 
what  obstacles,  if  any,  hinder  electrification.  These  barriers  will 
disappear  as  the  sales  engineer  presents  in  the  proper  light  the 
many  other  attractive  features  of  the  proposed  service.  An  in- 
crease of  output,  produced  by  some  change  in  the  layout  of  the 
plant  or  meth.od  of  manufacture,  will  secure  the  favorable  attitude 
of  the  superintendent  toward  the  whole  proposal.  The  sales  en- 
gineer cannot  know^  too  much  about  the  plant,  product  or  people 
with  whom  he  is  dealing.  His  view  must  from  the  outset  be  broad 
and  practical.  If  the  factory  is  mechanically  driven  and  the  man- 
ager is  not  acquainted  with  the  advantages  of  motor  drive,  it  is  of 
paramount  importance  that  a  trial  installation  be  made,  even  if  of 
small  scope,  and  it  is  a  great  help  if  he  can  be  induced  to  visit  a  sim- 
ilar plant  which  is  securing  power  from  the  central  station,  or  if  he 
can  be  shown  photographs  of  installations  similar  to  the  one  pro- 
posed. Otherwise  he  may  never  really  comprehend  the  benefits 
to  be  derived  from  the  service  ofifered. 

If  for  reasons  uncontrollable  by  the  central  station  it  is  decided 
not  to  install  motors  at  once,  the  matter  may  be  laid  ui)on  the 
table  for  the  time  being.  Meantime  the  representative  will  keep 
in  touch  with  the  situation.  A  serious  breakdown  may  at  any  time 
precipitate  immediate  action.  Enlargements  of  the  factory,  de- 
mands for  more  power,  impending  heavy  repairs  on  boilers,  en- 
gines or  transmissions,  removal  to  a  new  site,  the  profitable  resale 
of  metered  power  to  tenants,  etc.,  may  provide  entering  wedges 
for  the  power  salesman.  So^^etimes  the  desire  to  try  out  a  new 
type  of  machine,  or  a  few  weeks  of  night  running  will  make  pos- 
sible the  initial  use  of  motors ;  and  this  in  turn  may  become  the 
nucleus  of  the  complete  installation. 

In  active  central  station  work  the  accumulation  of  such  re- 
ports grows  from  montii  to  month,  all  preliminary  estimates,  data 
and  computations,  together  with  memoranda  of  important  confer- 
ences with  tlie  prosjiective  customer  being  filed  with  the  report. 
A  fund  of  valuable  data  is  thus  at  hand  from  which  to  esti;iiat'e 
operating  costs  of  other  proposed  isolated  plants,  whose  erection 
would  preclude  the  use  of  central  station  service.  These  reports 
systematize  the  efforts,  and  thereby  economize  the  time  of  a  sell- 
ing organization,  and  by  their  use  immediate  results  may  be  se- 
cured in  many  cases,  while  in  others  contracts  may  be  guaranteed 
within  the  near  future.  They  practically  always  induce  the  factory 
manager  to  consider  seriously  the  adojition  of  central  station  energy. 


ELECTRICALLY  HEAIED  MATRIX  DRIERS 

I-RANK  THORNTON.  JR. 

ELECTRICALLY  heated  matrix  drying  tables,  as  used  in  news- 
paper offices  in  the  preparation  of  the  matrices  from  which 
stereotype  plates  are  cast,  form  one  of  the  most  successful 
examples  of  the  application  of  electric  heating  apparatus  to  industrial 
work.  In  newspaper  work  the  time  element  is  of  paramount  im- 
portance. Every  minute  that  can  be  saved  in  getting  an  extra  or 
athletic  edition  on  the  streets  after  the  news  is  received,  means  a 
better  paper  and  additional  sales.  Hence  the  value  of  the  electric 
matrix  dryers,  by  means  of  which  from  three  to  five  minutes  can 
be  saved  on  each  page,  over  the  older  steam  drying  process. 

In  the  ])re])aration  of  a  newspaper  page  for  the  press,  the  first 
step  is  to  (;l)tain  an  impression  on  a  mould  or  matrix  of  the  type 
composing  tlie  form.  To  accomplish  this,  a  damp,  spongy  sheet 
of  material  about  one-sixteenth  inch  thick  is  placed  over  the  form 
and  this  matrix  is  pressed  onto  the  type  and  rapidly  dried  under  a 
heavy  pressure.  The  drier  is  composed  of  a  flat  bed  in  which  are 
placed  the  electrical  heating  elements  which  raise  the  temperature  of 
the  drier,  form  and  matrix  to  a  high  value.  When  completely  dried, 
this  matrix,  carrying  a  faithful,  clear-cut  impression  of  the  type, 
is  removed  from  the  drier  and  placed  in  the  plate  casting  machine. 
Here  are  cast  the  semi-cylindrical  plates  which  are  to  be  mounted 
in  the  presses  for  the  production  of  the  paper. 

When  it  is  recognized  that  one  matrix  is  commonly  used  for 
the  casting  of  from  four  to  a  dozen  plates  and  may  at  times  be  used 
for  as  many  as  60  plates,  it  will  be  seen  that  it  is  of  the  utmost  im- 
portance to  obtain  a  perfectly  uniform  and  dependable  product;  and 
this  is  made  possible  by  the  use  of  electric  driers. 

In  the  past,  it  has  been  customary  to  operate  the  matrix  presses 
by  a  hand  wheel  and  screw,  a  slow  and  laborious  process.  The 
presses  were  heated  to  a  working  temperature  by  means  of  steam 
supplied  under  pressure  from  a  main  boiler  plant  or  from  a  small, 
gas-heated  steam  generator  mounted  directly  beneath  the  bed  of 
the  press.  In  either  case  a  large  amount  of  heat  was  liberated  into 
the  surrounding  air  on  account  (;f  the  large  radiation  surface  of 
the  massive  construction  necessary  to  withstand  the  steam  pres- 
sure. Considerations  jf  safety  and  economical  design  limit  the 
pressure  of  the  steam  to  80  pounds  per  square  inch,  corresponding 
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to  a  steam  temperature  of  320  degrees  F.  A  matrix  may  be  dried 
by  this  method  in  from  4^  to  12  minutes,  depending  on  the  amount 
of  open  space  in  the  forms  and  the  quahty  of  the  absorbing  pads. 

By  substituting  compressed  air  for  the  hand  wheel,  a  quick,  cer- 
tain pressure  is  obtained,  which  can  be  definitely  fixed  at  any  de- 
sired value  and  which  remains  constant  during  the  whole  drying 
operation.  Control  of  the  pressure  is  obtained  by  means  of  an 
easily  operated  air-valve.  By  the  use  of  electric  heaters  a  higlier 
temperature  can  be  secured  than  with  steam,  the  melting  point  of 


FIG.    I — ELECTRICALLY   HEATED   MATRIX    DRIERS 

Installed  in  the  plant  of  the  Pittsburgh  Press. 

the  type  metal  being  the  only  temperature  limit,  and  thus  the  dry- 
ing process  can  be  completed  in  a  much  shorter  time  than  is  possible 
with  steam.  Perfect  matrices  are  obtained  with  the  electrically 
heated  presses  in  from  i^  to  3  minutes. 

Exhaustive  tests  have  been  made  on  the  electrically  heated  ma- 
trix driers  installed  by  the  ''Pittsburg  Press"  with  the  view  of  deter- 
mining the  energy  required.  There  are  four  presses  in  the  set,  as 
shown  in  Fig.  i,  each  press  being  independently  controlled  and 
taking  a  minimum  of  i.i  kilowatt  and  a  maximum  of  13.5  kilowatts. 
Each  press  is  equipped  with  a  thermostat  which  operates  a  circuit- 
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breaker  and  which  is  set  to  Hmit  the  maximum  temperature  on  the 
press  to  approximately  380  degrees  F.  and  the  minimum  to  350 
degrees. 

The  heater  bed  consists  of  a  heavy  iron  casting,  cored  to  in- 
clude six  longitudinal  holes  which  are  accurately  machined  to  a 
rectangular  section.  These  holes  form  the  casting  into  a  series  of 
box  girders,  which  impart  the  highest  degree  of  rigidity  to  the  bed, 
with  the  least  amount  of  metal,  thus  allowing  the  application  of  the 
heaviest  pressure  which  can  be  applied  without  damaging  the  type. 
In  each  opening  is  placed  a  heating  unit,  consisting  of  a  soapstone 
core  which  is  grooved  from  end  to  end,  to  contain  the  heating  ele- 
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FIG.   2 — POWER   CONSUMPTION   OF  BANK   OF   FOUR    MATRIX    DRIERS 


ment.  The  element  is  sealed  in  place  with  a  special  cement,  mixed 
with  soapstone  dust,  wliich  serves  at  once  to  hold  the  conductor  in 
place,  to  insulate  it  electrically,  and  to  conduct  the  heat.  The  unit 
fits  snugly  into  the  holes  in  the  heater  bed,  and  is  thoroughly  packed 
around  with  the  soapstone  dust  to  aid  in  conducting  the  heat.  The 
soapstone  acts  also  as  a  storage  reservoir  for  the  heat,  thus  aiding 
to  reduce  the  temperature  fluctuations  in  the  surface  of  the  bed.  The 
input  to  each  press  may  be  regulated  by  means  of  a  separate  con- 
troller, consisting  of  three  double-pole,  double-throw  knife  switches, 
each  of  which  controls  an  independent  heater  circuit  distributed 
over  the  entire  surface  of  the  press  bed.  Each  circuit  is  divided 
into  two  equal  sections  to  give  series-parallel  control,  the  minimum 
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consumption  of  each  circuit  being   i.i   kilowatt,   tlie  maximum  4.5 
kilowatts. 

The  results  of  the  tests  are  as  follows: — 

I — The  minimum  time  recjuired  for  the  production  of  a  satis- 
factory matrix  was  one  minute,  15  seconds. 

2 — The  total  number  of  kilowatt-hours  required  in  an  eight- 
hour  day  for  varying  numbers  of  matrices  is  shown  in  Fig.  2,  a 
working  temperature  being  maintained  throughout  the  entire  day. 

5 — The  total  amount  of  energy  required  for  a  period  of  seven 
days  to  produce  270  matrices  for  the  various  editions  of  the  paper, 
including  one  Sunday  morning  edition,  was  i  050  kilowatt-hours. 

Similar  tests  on  an  installation  of  four  gas-heated  steam  tables 
of  approximately  the  same  output  give  the  following  results : — 

I — The  mininnuu  time  to  produce  a  matrix  was  four  minutes, 
15  seconds. 

2 — The  natural  gas  consumption  for  a  ])eriod  of  seven  days 
was  12300  cubic  feet. 

Aside  from  the  saving  in  time,  it  should  be  noted  that  the  av- 
erage amount  of  heat  liberated  per  dav  liy  the  electric  presses  is 
approximately  500000  E.t.u.,  as  compared  with  i  750000  B.t.u.  for 
the  same  time  by  the  gas-heated  tables.  The  lesser  amount  of  heat 
results,  of  course,  in  a  very  appreciable  reduction  in  the  tempera- 
ture of  the  work  room. 

With  gas  costing  $1.00  per  thousand  cubic  feet  and  electricity 
at  1.25  cents  per  kilowatt-hour,  the  power  costs  would  be  approxi- 
mately equal.  In  an  application  of  this  kind,  however,  the  saving 
of  time  and  the  simplicity  of  control,  as  well  as  the  general  operating 
convenience,  are  of  such  importance  as  to  entirely  overshadow  con- 
siderations of  operating  costs. 

( 


RELATION  OF  LOAD  TO  STATION  EQUIPMENT=== 

F.  D.   NEWBURY 

/~1~^HE  capacity  of  a  given  generator  will  vary  inversely  with  the 
I  power-factor,  that  is,  the  lower  the  power-factor  the  larger 
•*"  the  generator  required.  With  a  given  energy  load  the  kilo- 
volt-ampere  capacity  of  a  generator  must  be  greater  with  low  power- 
factor,  not  only  on  account  of  the  larger  k.v.a.  load,  but  on  account 
of  the  larger  field  current  required  to  maintain  normal  voltage.  It 
is  of  prime  importance  to  have  plenty  of  margin  in  excitation  volt- 
age to  enable  the  generator  to  maintain  normal  voltage  under  un- 
usual load  conditions.  To  insure  this  requires  a  knowledge  of 
the  probable  power-factor  under  which  the  generator  will  operate, 
since  reduction  in  power-factor  involves  such  a  large  increase  in 
exciting  current. 

DETERMINATION    OF    POWER-FACTOR 

In  laying  out  a  central  station  it  is  impossible  to  predict  exactly 
the  power-factor  that  will  result  when  the  entire  system  is  in  opera- 
tion. It  is  possible,  however,  to  approximate  very  closely  the  oper- 
ating power-factor  from  experience  with  existing  plants  offering 
similar  service.  The  following  general  statements  regarding  prob- 
able power-factors  have  been  abundantly  proven  by  experience : — 

I — Operating!;  ])nwer-factors  above  95  percent  will  be  olitained  only  wbcn 
practically  all  oi  tlie  load  is  synchronous  motors  or  rotary  converters  which 
may  be  operated  at  approximately  unity  power-factor;  that  is,  without  any 
wattless  component.  Even  with  this  character  of  load,  the  generators  should 
be  capable  of  operating  satisfactorily  at  95  percent  power- factor  to  provide 
for  unforeseen  contingencies. 

2 — Power-factors  of  go  to  95  percent  can  he  safely  predicted  only  when 
the  load  is  entirely  incandescent  lighting  or  heating,  or  if  a  large  non- 
inductive  load,  such  as  synchronous  motors  or  rotary  converters,  is  used  with 
a  smaller  proportion  of  inductive  power  load. 

3 — For  the  average  central-station  load,  consisting  of  lighting  and  power, 
a  power-factor  of  80  percent  should  be  assumed. 

4 — A  power-factor  of  70  percent  should  be  assumed  for  a  plant  having  a 
large  proportion  of  induction  motors,  arc  lighting,  electric  furnaces  or  electric 
welding  load. 

In  the  above  statements,  the  figures  given  are  conservative  froiu 
the  standpoint  of  the  generating  equipment.     The  maximum  gen- 


*Condensed  from  a  paper  read  at  the  annual  Convention  of  the  Na- 
tional Electric  Light  Association,  held  at  New  York  City,  May  29-June 
2,  1911. 
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erator  rating  in  kilowatts  should  be  equivalent  to  the  maximum 
engine  rating  in  kilowatts.  Since  the  size  of  the  generator  is  de- 
termined from  the  kilovolt-ampere  rating,  rather  than  the  kilowatt 
rating,  the  size  of  the  generator  for  a  given  engine  will  depend  on 
the  operating  power-factor. 

As  an  example  of  the  proper  method  of  comparison,  assume 
a  generator  having  a  normal  rating  of  i  ooo  k.v.a.  and  a  maximum 
continuous  rating  of  i  250  k.v.a.  at  80  percent  power-factor.  This 
is  I  000  kw,  and  the  maximum  continuous  engine  rating  should  be 
proportioned  to  i  000  kw.  To  select  the  prime  mover  of  a  gener- 
ator on  the  basis  of  normal  100  percent  power-factor  generally 
results  in  an  engine  or  water  wheel  too  large  for  the  generator. 
M  When  the  question  is  one  of  adding  a  new  load  to  an  existing 
station,  the  power-factor  of  the  new  load  can  be  approximated  from 
the  following: — 

Incandescent  Lighting  Load  with  Small  Lowering  Transformers— Approx- 
imate power-factor  90-95  percent. 

Enclosed  Arc  Lamp  Load  with  Constant  Current  Transformers — Power- 
factor  60-75  percent,  depending  on  whether  the  transformers  are  supplying 
their  rated  number  of  lamps. 

Metallic  Arc  Lamp  Load  with  Rectifiers— Power-factor  55 — 70  percent 
depending-  upon  whether  the  rectifiers  are  supplying  their  rated  number  of 
lamps. 

Induction  Motor  Load;  Squirrel  Cage  Rotor,  Single-Phase,  0.05  to  One 
Hp — Power-factor  55-75  percent,  average  68  percent  at  rated  load;  Squirrel 
Cage  Rotor,  Single-Phase,  One  to  Ten  Hp— Power-factor  75  to  86  percent, 
average  82  percent  at  rated  load ;  Squirrel  Cage,  Polyphase,  One  to  Ten  Hp^ 
Power-factor  75  to  91  percent,  average  85  percent  at  rated  load;  Squirrel 
Cage,  Polyphase,  10  to  50  Hp— Power-factor  85-92  percent,  average  89  per- 
cent at  rated  load;  Phase-wound  Rotors,  Polyphase,  5-20  Hp — Power-factor 
80  to  89  percent,  average  86  percent  at  rated  load;  Phase-wound  Rotors, 
Polyphase,  20  to  100  Hp — 82  to  90  percent,  average  87  percent  at  rated  load. 

Rotary  Converter  Load,  (i)  Compound  Wound — The  Power- factor  can 
be  adjusted  at  practically  100  percent  at  full  load,  at  light  loads  it  will  be 
lagging  and  at  overloads  slightly  leading;  (2)  Shunt  Wound — The  Power- 
factor  can  be  adjusted  to  any  desired  value  and  will  be  fairly  constant  at  all 
loads  with  a  given  field  rheostat  adjustment. 

Small  Heating  Apparatus — Same  characteristics  as  incandescent  lightinc 
load. 

Arc  Furnaces — Power-factor  80  to  90  percent. 

Induction  Furnaces — Power-factor  60  to  70  percent. 

Electric  Welding  Trr^nsformers — Power-factor  50  to  70  percent. 

Synchronous  Motors— Power-factor  can  be  adjusted  between  practically 
rero  leading  and  zero  lagging  power-factor. 

From  the  above  it  may  be  seen  that  the  only  kind  of  load  which 
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affords  any  control  over  power-factor  is  that  furnished  by  synchron- 
ous motors.  This  fact  has  led  to  an  increasing  use  of  synclironous 
motors  by  central  stations,  f' 

In  cases  of  low  power-factor,  w^iere  no  mechanical  or  direct- 
current  load  is  reqiiired,  synchronous  motors  have  been  installed 
running  without  energy  load.  It  is,  however,  more  economical  to 
utilize  a  synchronous  motor  for  energy  load  as  well  as  for  w^attless 
magnetizing  current,  since  the  required  capacity  of  the  motor  is 
determined  by  the  geometrical  sum  of  the  components  (which  are 
at  right  angles)  and  not  by  the  direct  arithmetical  sum. 

Numerous  methods  for  determining  the  proper  size  of  syn- 
chronous motor  to  eft'ect  a  certain  improvement  in  power-factor  have 
been  proposed,  but  they  are  all  based  on  these  four  propositions : — 

I — The  actual  load  on  the  station  can  be  divided  into  two  right-angle 
components. 

2 — The  total  energy  component  of  the  station  load  is  equal  to  the  sum  of 
all  the  individual  energy  components  in  the  system. 

3 — The  total  vi^attless  component  of  the  station  load  is  equal  to  the  sum 
of  all  the  individual  wattless  components  in  the  system,  proper  attention  being 
given  to  the  kind  of  wattless  component  existing.  The  magnetizing,  or  the 
leading,  components  should  be  subtracted  from  the  demagnetizing,  or  lagging, 
components.  In  other  words,  they  neutralize  each  other,  and  an  ideal  condi- 
tion is  obtained  with  regard  to  power-factor  when  the  magnetizing  compo- 
nents in  the  system  are  sufficient  to  completely  neutralize  the  demagnetizing 
components. 

4 — Since  the  power-factor  is  the  ratio  of  the  energy  component  to  the 
total  load,  the  energy  component  can  be  determined  directly  by  multiplying 
the  total  load  in  k.v.a.  by  the  power-factor.  The  wattless  component  can  be 
determined  from  the  relation  existing  between  the  three  sides  of  a  right- 
angle  triangle  (when  two  sides  are  known). 

In  general  it  takes  a  large  increase  in  synchronous  motor  capac- 
ity to  raise  the  power-factor  above  90  percent,  and  ordinarily  it  will 
not  be  found  worth  while  to  raise  a  station  power-factor  above  90 
percent  since  the  investment  necessary  is  seldom  warranted  by  the 
improvement  in  operation. 

INSTANTANEOUS  CURRENT  DEMAND 

From  the  standpoint  of  the  station  equipment,  the  instantane- 
ous current  demand  is  of  importance  when  the  size  of  the  demand 
becomes  a  large  proportion  of  the  station  capacity  or  of  the 
load  on  a  given  feeder.  Loads  resulting  in  wide  fluctuations  in 
current  demand  may  be  satisfactorily  supplied  when  there  is  an 
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additional  steady  load  on  the  same  feeders  which  is  not  sensitive  to 
voltage  fluctuations.  A  certain  power  company  supplied  a  large 
constant  direct-current  motor  load  and  a  small  variable  elevator 
load  from  the  same  motor-generator  set.  The  constant  motor  load 
was  gradually  decreased  and  tlte  elevator  load  increased  until  the 
elevator  service  became  unsatisfactory  on  account  of  voltage  fluctu- 
ations. The  service  was  changed  from  one  eminently  satisfactory 
to  one  very  unsatisfactory  simply  by  changing  the  proportions  of 
constant  and  variable  load  on  the  same  motor-generator  set. 

Another  common  source  of  trouble  from  large  momentary  cur- 
rents is  due  to  the  starting  of  synchronous  and  induction  motors 
and  rotary  converters.  An  idea  of  the  starting  performance  of 
these  various  machines  is  given  in  Table  I. 

TABLE   I— STARTING   PERFORMANCE   OF   VARIOUS   MACHINES 


Torque    while    Starting 
Times    Full-Load    Torque. 


Single-Phase     Inclnction     Motors, 

with     C  1  II  t  c  li  .     Sp'it  -  Phase  I 

Starter    ,  I   to  ;  '4 

Single-Phase     Induction     Motors, 

without    Clutch,    Split-Phase 

Star^ter    2 

Polyphase     Induction     Motors,, 

Cage-Wound    Type     \  1 

Auto-Transformer    Starter 2 

Polyphase     Induction     Motors, 

Wound-Rotor    Type    :  I 

Step^by-step  Resistance   Starter...  2 

Synchronous    Motors    o..^  to  0.5 

Auto-Transformer   Starter    ....  0.7  to      i 

Rotary    Converter    C.2 

Auto-Transformer    Starter (Sufiicieiii  to   btiui  itself) 


Starting  Current 

in    Line   Times 

Full-Load     Current. 


4J/S  to  6 


7      to  8 

^V2 

Yl  to  2l/> 

4     to  8 
1^4 


In  the  above  table,  the  smaller  torque  figures  given  for  synchronous 
motors  cover  the  requirements  of  motor-generator  sets  and  air  compressors 
and  pumps  when  the  apparatus  can  be  started  without  load.  The  larger 
torque  figures  refer  to  motors  for  driving  pumps  and  fans,  which  must  be 
started  under  practically  full-load  conditions.  The  wide  variation  in  the 
starting  current  comes  from  dififerences  in  construction  of  the  motor,  or 
differences  in  the  proportions  of  the  motor,  since,  by  increasing  the  size  and 
cost  of  synchronous  motors,  the  starting  performance  can  be  materially 
improved.. 

.SIXTY-CYCLE  ROTARY   COXVI'.RTF.RS 


Many  central  stations  have  a  conbined  lighting  and  railway 
load,  the  lighting  and  general  power  being  supplied  directly  from 
60  cycle  generators  and  the  railway  load  by  6q  cycle  rotary  con- 
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verters  or  motor-generator  sets.  The  question  as  to  whether  rotary 
converters  or  motor-generator  sets  should  be  used  cannot  be  given  a 
definite  answer  without  relation  to  all  the  operating  conditions,  but 
the  following  characteristics  of  the  two  classes  of  machines  will  be 
of  assistance  in  making  a  correct  decision : — 

First  Cost.  Efficioicy  and  Floor  Space  will  be  in  favor  of  the  rotary- 
converter,  even  when  the  motor-generator  set  can  be  wound  for  line  voltage, 
and  still  more  so  when  transformers  have  to  be  used  with  the  motor-genera- 
tor set,  which  is  the  case  whenever  the  line  voltage  is  above  13200  volts. 

Voltage  Control  is  in  favor  of  the  motor-generator  set,  but  this  is  of 
minor  importance  for  railway  work.  The  compound-wound  rotary  con- 
verter, practically  in  universal  use  for  railway  systems,  meets  the  re- 
quiren:ents. 

Power-Factor  Control  is  in  favor  of  the  motor-generator  set,  since  the 
synchronous  motor  can  be  utilized  to  any  extent  for  power-factor  correction. 
At  the  same  time  the  beneficial  effect  on  power-factor  of  adding  a  large 
non-inductive  load,  such  as  rotary  converters,  should  not  be  lost  sight  of. 

From  the  foregoing  it  is  evident  that  for  the  great  majority  of 
cases  the  rotary  converter  can  be  used  to  greater  advantage  than 
the  motor-generator  set.  In  the  past  the  60  cycle  rotary  converter 
has  been  criticised  on  account  of  its  sensitiveness  in  operation  and 
the  consequent  necessity  for  skillful  operators.  During  the  past 
two  years  this  class  of  machines  has  been  materially  improved  in 
this  respect,  and  60  cycle  converters  are  now  built  which  are  thor- 
oughly satisfactory  with  the  same  grade  of  attendance  required  by 
any  rotating  electrical  apparatus.  This  improvement  has  been 
secured  by  using  fewer  poles,  permitting  a  wide  range  in  brush 
position  without  sparking  and  flashing,  and  by  higher  conmutator 
peripheral  speed,  permitting  more  conmutator  bars  per  pole.  The 
use  of  fewer  poles  has,  with  the  constant  frequency,  -resulted  in 
higher  speeds. 


CONTINUITY  OF  POWER  SERVICE 

R.  P.  JACKSON 

[This  is  the  ninth  and  concluding  article  of  the  series  on  the  general 
subject  of  continuity  of  service  in  transmission  systems.] 

IN  THE  generation,  transmission  and  distribution  of  power  there 
are  two  essential  elements  that  effect  the  marketability  of  the 
product.  The  first  is  the  cost  of  the  delivered  power  and  the 
second,  the  reliability  of  the  service.  The  following  paper  is  con- 
fined to  the  latter  subject  and  an  attempt  has  been  made  to  describe 
the  more  common  causes  of  service  interruption  and  to  indicate  the 
most  successful  methods  at  present  available  for  preventing  such 
interruption..  It  should  be  understood,  of  course,  that  the  art  of 
handling  power  electrically  is  progressing  and  that  some  of  the 
statements  made  herein  are  necessarily  comparative ;  their  accuracy 
later  may  depend  on  the  success  and  trend  of  development  now  in 
progress. 

The  following  is  a  list  of  the  more  common  elements  contri- 
butory to  interruption  of  service : — 

External  Causes 

Lightning  storms 

Sleet  and  wind  storms,  floods,   etc. 

Ice — Floating,  anchor,  etc. 
Internal  Causes 

Inadequate    station    equipment    such    as    relays,    circuit 
breakers,  etc.,  or  inflexibility  of  switching  arrangements 

Inadequate  line  construction  or  insufficient  number  of 
lines 

Material  defective  in  design  or  quality 

Deterioration  of  equipment  (such  as  decay  or  burning) 
in  the  natural  course  of  operation. 

Abnormal  surges,  resonance,  etc.,  due  to  circuit  constants 
Personnel  of  Operating  Force 

Inadequate  organization  to  care  for  abnormal  situations 

Lack  of   resourcefulness  of  operating  attendants 

Any  of  the  above  factors  may  work  together  to  cause  interrup- 
tions of  service  and  it  is  not  uncommon  for  one  to  be  the  origin  of 
trouble  and  another  to  prolong  the  interruption  or  permit  condi- 
tions to  develope  to  a  degree  much  worse  than  the  exciting  cause 
would   warrant. 
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EXTERNAL  CAUSES 
LIGHTNING 

Lightning  storms  form  far  the  larger  part  of  the  local  sources 
of  trouble  on  most  power  systems  and  the  operating  company  is 
fortunate  indeed  if  so  located  as  to  be  immune.  Lightning  trouble 
is  manifested  in  two  ways,  the  oldest  and  most  familiar  being  the 
injuring  of  generating  or  transforming  apparatus  in  the  station; 
but  the  most  serious  to  many  high  voltage  transmission  companies 
at  the  present  time  is  the  damaging  of  the  transmission  line  by  the 
break-down  and  destruction  of  one  or  more  insulators. 

The  puncturing  of  insulation  of  generators,  transformers, 
motors,  etc.,  between  turns  or  to  ground  is  a  familiar  trouble  and 
the  common  remedies  are  choke  coils,  lightning  arresters,  and  more 
and  better  insulation.  The  choke  coil  has  no  efifect  in  relieving 
over-voltage  but  acts  to  retard  and  reflect,  and  thereby  suppress,  high 
frequency  waves — or  more  properly,  such  waves  as  have  an  ex- 
tremely .steep  front.  Unless  the  insulation  of  the  power  ap- 
paratus can  be  made  specially  strong  between  turns  it  is  very  de- 
sirable if  not  essential  to  protect  it  by  means  of  choke  coils. 

The  lightning  arrester  is  essentially  a  vent  or  relief  valve  such 
as  will  permit  charges  of  excessive  potential  to  escape  from  the 
working  conductors  at  a  predetermined  point  where  damage  to 
other  apparatus  will  not  result.  If  possible,  it  is  desirable  that  the 
arrester  shall  perform  this  function  without  at  the  same  time  per- 
mitting the  escape  of  power  current  or  causing  other  disturbance 
to  the  circuit.  The  ease  with  which  a  device  can  be  made  to  ac- 
complish this  purpose  depends  somewhat  on  the  operating  voltage 
and  still  more  on  the  amount  of  power  behind  the  circuit.  Ar- 
resters whose  design  is  based  on  the  use  of  non-arcing  metal 
have  been  employed  for  a  number  of  years  with  considerable  suc- 
cess. This  non-arcing  Quality  of  the  metal  is,  however,  of  limited 
power  and  depends  on  the  amount  of  heat  developed  at  the  points 
where  the  spark  passes.  For  this  reason  repeated  discharges  in 
very  rapid  succession  or  discharges  of  unusual  volume  may  cause 
the  vaporization  of  so  much  metal  as  to  permit  welding  and  con- 
sequent distruction  of  the  arresters. 

The  more  recent  arresters  of  the  electrolytic  or  aluminum  type, 
which  depend  upon  an  electric  valve  action  of  a  film  which  in  cer- 
tain electrolytes  will  form  on  aluminum,  have  proved  much  more 
stable  under  repeated  discharges  and  are  less  subject  to  damage 
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when  used  on  heavy  power  circuits.  While  somewhat  expensive, 
the  electrolytic  type  of  arrester  can  he  made  to  perform  its  proper 
function  most  satisfactorily  and  approaches  more  nearly  the  ideal 
lightning   arrester. 

The  attention  required  by  tlie  aluminum  electrolytic  arrester 
has  given  rise  to  experiments  with  plain  horn  gaps,  with  and  with- 
out resistance,  to  limit  the  current  at  time  of  discharge.  The  horn 
gap  without  resistance  can  hardly  be  considered  a  commercial  ar- 
rester, as  with  it  there  can  be  no  pretense  of  limiting  the  power  cur- 
rent which  may  follow  a  discharge  across  the  gap.  When  a  re- 
sistance is  used  in  series  with  the  horn  gap  the  stability  of  the  com- 
bination depends  somewhat  upon  the  nature  and  ruggedness  of  the 
resistance.  The  advisability  of  using  such  an  arrester,  under  given 
conditions,  depends  on  the  strength  of  the  apparatus  to  l)e  pro- 
tected and  on  the  nature  of  the  circuit ;  that  is,  whether  the  momen- 
tary escape  of  a  considerable  amount  of  power  will  disturb  other 
ap])aratus  such  as  synchronous  motors,  water  wdieel  governors,  etc. 
It  n^ay  be  stated  in  general  that  generators  feeding  directly  to  the 
line  should  be  j^rovided  with  the  zrry  best  protcctk'c  devices  avail- 
altle  while,  for  high  voltage  oil  transformers,  some  simple  and  less 
expensive  device  may  be  satisfactory  on  account  of  the  more  rugged 
nature  of  this  kind  of  power  apparatus.  * 

Interruption  of  high  voltage  transmission  service  by  lightning 
is  n^ore  com;iion!y  caused  by  daniage  to  the  transmission  line  itself 
than  to  the  station  equipnient.  The  common  form  of  such  trouble 
is  the  breaking  of  line  insulators  therebv  grounding  or  short-cir- 
cuiting the  line  and  sometimes  burning  the  conductors  in  two  as  a 
result  of  the  arc  forme .1.  This  kind  of  trouble  is  more  co  union 
f)n  steel  tower  lines  or  woud  ])ole  lines  on  wb.ich  the  \)\ns  are  metal 
and  grounded  by  means  of  wires  carried  down  the  pole. 

Insulator  breakage  of  this  kind  iray  occasionally  be  caused  by 
direct  strokes  of  lightning  or  by  the  small  branch  or  filament  strokes 
sometimes  observed  in  forked  lightning.  In  general,  however,  the 
stress  probably  originates  from  the  presence  of  a  charged  cloud 
overhead.  If  such  a  charge  exists  for  an  appreciable  time  over  a 
transmission  line  a  charge  of  opposite  sign  wdll  of  course  appear  on 
the  surface  of  the  earth  beneath  and  the  static  stress  will  be  such 


*This  suljject  lias  been  discussed  in  the  present  series  as  follows: 
March,  iQTO,  p.  J.^^ :  April,  1910,  pp.  313-315;  August,  iQio,  pj).  612-616; 
.Septcmlier,  1910,  p.  725. 
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as  to  make  these  two  charges  attempt  to  reach  each  other.  As  a  re- 
sult the  charge  on  the  ground  will  creep  over  the  insulators  and  lo- 
cally charge  the  line  wires  with  the  same  sign  as  that  on  the  earth. 
This  charge  may  exist  "bound"  or  "floating"  on  the  line  in  the 
vicinity  of  the  cloud  and  not  interfere  in  any  way  with  the  passage 
of  the  normal  load  current.  \Mien  a  lightning  flash  occurs,  how- 
ever, and  the  charge  in  the  cloud  is  carried  to  ground,  the  local 
charge  on  the  line  wires  becomes  free  and  its  potential  is  suddenly 
manifest.  While  the  charge  is  free  to  flow  in  eitlier  direction 
along  the  line,  as  a  matter  of  fact  the  reactance  or  electrical  inertia 
of  the  line  is  such  that,  if  the  potential  of  this  charge  is  great 
enough,  it  promptly  breaks  over  or  through  the  nearest  insulator 
and  passes  off  in  a  small  spark.  In  fact  the  line  may  be  grounded 
at  no  great  distance  away  and  yet  the  charge  will  not  travel  along 
the  line  to  the  ground  l)ut  to  a  very  large  extent  will  pass  ofif  lo- 
cally. An  additional  reason  for  the  failure  of  the  charge  to  travel 
is  disclosed  by  Dr.  Steinmetz.*  It  appears  that  for  an  exceedingly 
high  frequency  or  a  very  steep  wave  front,  the  eitective  resistance 
of  a  conductor  becomes  many  times  its  true  resistance  at  normal 
frequency,  due  not  only  to  so-called  "skin-eft'ect,"  but  to  the  radia- 
tion of  energy  in  the  form  of  magnetic  waves.  The  net  result,  at 
least,  is  analogous  to  tb.e  bursting  of  a  ])ipe  in  which  a  charge  of 
dynamite  is  exploded.  Even  thcugli  the  pipe  is  open  at  both  ends 
it  will  burst.  Such  a  result  will  not  be  obtained  if  the  explosive 
is  such  that  th.e  pressure  develops  more  slowly,  but  instead  the 
gases  will  escape  each  way  in  the  pipe. 

The  secondary,  but  really  serious,  result  of  the  spark  over  the 
insulator  is  that  powder  current  follows,  producing  a  vicious  arc 
which  destroys  the  insulator  and  perhaps  burns  the  transmission 
cable  to  such  a  degree  as  to  permit  it  to  break.  It  occasionally 
happens  that  the  insulator  is  punctured  by  the  initial  spark,  but 
in  the  great  majority  of  cases  the  sequence  seems  to  be  as  above 
indicated.  When  the  structure  supporting  the  insulators  is  of 
wood  its  resistance  is  usually  so  high  as  to  prevent  any  power  arc 
and  consequently  the  initial  si)ark  passes  off  harmlessly  if  the 
insulators  are  of  proper  design,  that  is.  so  constructed  as  to 
flash  over  the  surface  at  a  lower  voltage  than  that  which  will 
puncture   them. 

*See  chapters  8  and    g,  sec.  Ill,  of  Steinmetz's  Transient  Electric  Phe- 
nomena, pp.  387-41 3- 
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The  difficulty  with  an  all-wood  construction,  however,  is  that 
direct  strokes  of  lightning  will  shatter  the  poles  and  will  leave 
the  line  unsupported,  and  when  the  insulator  pins  are  of  wood  they 
are  liable  to  burn  from  leakage  over  the  insulators  if  the  voltage  is 
30000  or  over.  If  wood  poles  are  used  the  best  results  seem  to 
be  obtained  when  the  pins  are  of  metal  and  a  metal  wire  is  run  up 
the  pole  to  the  top  to  prevent  lightning  from  shattering  it.  If  there 
is  a  considerable  length  of  wood  between  the  pins  and  the  ground 
wire,  power  current  is  less  likely  to  follow  a  spark  over  an  insulator 
and  neither  do  the  pins  burn,  being  of  metal.  Cross-arms  may 
burn  occasionally  but  this  seems  to  be  rather  rare  unless  a  con- 
ductor becomes  detached  from  the  insulator  and  lies  on  the  cross- 
arm. 

When  an  all-steel  structure  is  used,  a  flash  over  an  insulator 
is  very  likely  to  result  in  an  arc  which  will  wreck  the  insulator. 
One  remedy  is  to  carry  the  grounded  metal  structure  up  around  the 
insulator  in  such  a  way  that  the  arc  to  it  will  be  drawn  away  from 
the  insulator  until  the  proper  circuit  breakers  can  open  or  dis- 
connect the  circuit.  The  insulator  being  intact,  power  can  be  put 
back  on  the  line  and  nothing  more  than  a  momentary  interruption 
may  result.  While  such  interruptions  may  not  be  desirable  they 
may  be  decidedly  the  less  of  two  evils,  the  other  of  which  might 
be  an  interruption  of  several  hours.  Considerable  synchronous 
machinery,  with  an  extensive  low-tension  distributing  system,  may 
make  a  momentary  shut  down  of  the  transmission  line  very  serious, 
but  on  the  other  hand  if  the  load  is  such  as  to  be  readily  picked  up 
again  the  momentary  cutting  off  of  power  may  be  of  trifling  con- 
sequence. For  this  reason  the  above  expedient  would  be  received 
favorably  by  some  operating  companies  but  not  by  others.  * 

The  location  of  the  transmission  line  itself  may  affect  this 
matter  of  insulator  damage  by  lightning.  A  specific  case  may  be 
cited  as  an  illustration.  A  certain  steel  tower  line  ran  for  a  num- 
ber of  miles  over  high  mountainous  and  exposed  country  and  then 
dropped  down  into  a  valley  and  continued  for  a  similar  distance 
just  beneath  a  high  wooded  bluff.  Many  insulators  were  broken 
on  the  exposed  section  of  the  line  and  none  whatever  on  the  section 
below  the  bluff. 

Recently  an  expedient  has  been  tried  with  promise  of  success, 
the  purpose  of  which  is  to  suppress  the  arc  over  a  line  insulator  in 


*Mr.   L.   C.    Nicholson   has   described   the   above   method   of   protecting 
transmission  lines  in  his  paper  of  March,  1910,  before  the  A.  L  E.  E. 
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such  a  short  time  that  no  damage  will  result  to  the  insulator.  This 
is  accomplished  by  temporarily  grounding  at  the  power  house  the 
phase  having  the  arcing  insulator.  This  of  course  short-circuits 
the  arc  over  the  insulator  so  that  it  is  immediately  extinguished. 
The  ground  at  the  power  house  is  then  at  once  cleared  by  means  of 
an  oil  switch  or  fuse.  This  method  is  reported  to  operate  suc- 
cessfully on  either  a  grounded  or  ungrounded  neutral  circuit, 
providing  there  is  but  one  phase  in  trouble.  It  has  not  so  far  been 
reported  as  operative  in  case  of  flash-over  of  two  insulators  oc- 
curing  simultaneously.  On  account  of  the  comparatively  small 
expense  of  the  apparatus  this  expedient  may  prove  to  be  a  helpful 
one  for  preventing  insulator  breakage  and  service  interruption.  * 

Overhead  Grounded  Conductor — Operating  men  who  have 
carefully  tried  the  overhead  grounded  conductor  seem  to 
be  in  accord  in  the  statement  that  it  is  of  material  assistance 
in  minimizing  insulator  breakage  by  lightning  and  also  re- 
ducing station  trouble  from  the  same  cause.  It  is  essential, 
however,  that  the  wire  or  cable  used  for  this  purpose  be  suf- 
ficiently strong  to  prevent  breakage  and  well  enough  protected 
to  prevent  rust.  Otherwise  it  may  cause  more  trouble  than  it  will 
cure.  The  more  frequently  this  wire  is  grounded  the  better,  though 
it  is  not  important  that  each  individual  ground  be  of  very  low  re- 
sistance. The  object  in  frequent  grounds  is  to  eliminate  as  far  as 
possible  the  local  impedance  of  the  conductor  so  that  the  charge  on 
it  may  change  from  one  sign  to  the  other  very  quickly  by  way  of  the 
ground.  The  use  of  barbed  fence  wire  is  not  to  be  recommended 
because  it  is  likely  to  deteriorate  rapidly  and  cause  trouble  by  break- 
ing. Double  galvanized  steel  cable  of  size  suitable  for  the  spans 
has  proved  satisfactory.  Two  or  three  such  conductors  spaced 
over  the  line  are  much  better  than  one,  and  it  is  the  opinion  of 
some  engineers  that  if  as  many  as  five  wires  were  placed  so  as  to 
form  a  half  cylinder  over  the  transmission  line  there  would  be  prac- 
tically no  trouble  from  lightning.  In  addition  the  grounded  con- 
ductor acts  quietly  and  entirely  without  disturbance  to  the  circuit, 
being  essentially  a  shielding  and  damping  device. 

The  Suspension  Insulator — An  insulator  of  the  suspension  type 
has  been  used  to  some  extent  on  lines  of  60000  to  no  000  volts 


♦Papers  by  Mr.  E.  E.  Creighton,  Messrs.  Marvin  and  Burkholder,  and 
discussion  by  Mr.  L.  C.  Nicholson,  A.  I.  E.  E.,  February,  191 1,  describe  the 
details  of  the  apparatus  and  its  operative  characteristics. 
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and  higher  with  very  good  success.  The  distribution  of  the  stress 
over  several  pieces  of  porcelain  which  are  separated  some  distance 
with  metal  between  them -appears  to  operate  to  prevent  all  the  sec- 
tions of  porcelain  being  broken  at  once.  Cases  are  on  record  where 
three  sections  out  of  the  five  in  series  have  been  destroyed  and  the 
line  continued  to  operate  on  the  other  two.  The  suspension  in- 
sulator, giving  a  flexible  support  for  the  line  wires,  should  relieve 
them  of  mechanical  stresses  incident  to  vibration.  Another  inci- 
dental advantage  of  this  type  of  insulator  is  that  an  excellent  lo- 
cation is  provided  for  an  overhead  grounded  conductor  directly 
above  each  wire.  For  this  reason  suspension  insulators  should  find 
application  on  lower  voltage  lines  now  commonly  carried  on  pin 
insulators. 

SLEET,  WIND  STORMS,  FLOODS 

Sleet  is  essentially  a  local  trouble  (as  some  territories  are  re- 
ported to  be  entirely  free  from  it  while  others  suffer  repeatedly). 
The  frequency  of  visitations  of  sleet  storms  is  not  nearly  so 
great  as  that  of  lightning  storms.  The  amount  of  ice  that  can  form 
on  a  small  wire  is  astonishing.  Sleet  may  cover  and  short-circuit 
insulators  but  commonly  its  effect  is  to  so  weight  the  conductors  as 
to  either  cause  them  to  break  or  to  damage  their  supporting  struc- 
tures. This  is  not  so  comn^on  an  occurrence  with  power  line  con- 
ductors as  with  the  telephone  wires  which  are  so  essential  to  the 
operation  of  the  power  line.  Another  annoying  feature  is  that  if 
the  power  line  is  damaged  by  sleet  the  telephone  lines  are  almost 
certain  to  be  affected  and  the  difficulty  of  making  repairs  and  get- 
ting power  on  the  line  is  thus  much  increased.  Sleet  was  reported 
from  the  Great  Lakes  region  on  a  one-half  inch  cable  causing  ice 
three  inches  in  diameter.  It  is  doubtful  of  any  company  could  protect 
itself  entirely  against  abnormal  conditions  such  as  this  ;  however  sleet 
storms  are  usually  of  limited  extent,  at  least  in  their  most  severe 
form,  and  two  or  more  lines  separated  a  considerable  distance  are 
not  likely  to  be  affected  at  the  same  time. 

Wind  of  high  velocity  is  known  to  produce  two  troubles.  Lines 
and  line  structures  in  which  the  factor  of  safety  is  not  great, 
may  be  damaged  or  broken  down  entirely.  Wood  poles  supporting 
heavy  conductors  are  more  likely  to  suffer  in  this  respect,  but  steel 
towers  located  on  soft  ground  which  has  not  had  time  to  settle  about 
the  tower  footings  have  been  overturned  bodily.  Cases  have  been 
known  where  ground  which  was  solid  and  apparently  entirely  safe 
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when  dry  became  treacherous  when  wet.  The  obvious  remedy 
is  a  proper  factor  of  safety  of  the  structure  and  supports  and  a  care- 
ful investigation  of  suspicious  soil  on  which  structures  are  to  stand. 

In  some  parts  of  the  country,  particularly  mountainous  dis- 
tricts, the  blowing  of  a  dry  wind  across  the  line  causes  it  to  become 
charged  to  a  potential  so  great  as  to  break  over  insulators  or  light- 
ning arrester  gaps.  While  the  ordinary  lightning  arresters  should 
permit  the  periodic  discharge  of  these  accumulations,  the  better  and 
U'Ore  satisfactory  method  consists  in  grounding  a  neutral  point  of 
the  transmission  system.  Even  though  this  ground  be  through  a 
high  resistance  it  will  entirely  free  the  line  from  slow  accumulations 
of  charge. 

Floods  n  ay  be  disastrous  in  the  case  of  hydroelectric  stations 
by  carrying  away  dams  and  destroying  power  houses.  Interrup- 
tions are  caused,  however,  in  some  forms  of  power  houses  by  tem- 
porary raising  of  the  water  level  from  various  causes.  Floods  are 
essentially  local  and  the  remedy  is  necessarily  special  for  each  lo- 
cation. 

FLOATIXO    TCP. AXCllOR    ICE 

In  the  extreme  North  ice  is  often  a  serious  trouble  to  com- 
panies depending  on  water  power.  Fong  intake  canals  in  which  the 
water  moves  slowly  are  said  to  favor  the  formation  of  troublesome 
ice,  while  if  the  water  can  be  drawn  from  the  bottom  of  a  deep  and 
quiet  pool,  the  ice  on  the  surface  of  which,  if  loose,  passes  ofif  over 
the  wier,  the  least  trouble  will  be  experienced.  "Floating"  ice  con- 
sists of  loose  blocks  which  may  accumulate  and  block  channels  and 
shut  off  water.  So-called  "anchor"  or  "frazil"  ice  is  in  the  form 
of  small  crystals  or  needles  distributed  through  the  water  and  hav- 
ing a  tendency  to  adhere  to  any  cold  surface  and  accumulate  into 
solid  masses.  Grates,  penstocks  and  wheels  may  be  blocked  by 
such  ice  and  it  is  extremely  difficult  to  get  rid  of.  Keeping  the 
surfaces  to  which  it  may  adhere  slightly  warmer  than  the  water 
has  been  found  to  be  the  best  way  to  prevent  this  ice  clinging  and 
forming  blocks.  If  it  can  be  kept  from  adhering  to  surfaces  these 
crystals  will  pass  through  the  wheels  and  do  no  harm. 

INTERNAL  CAUSES 
STATION    APPARATUS 

Station  equipment  may  sometimes  fail  due  to  accident  or  in- 
herent weakness,  or  it  mav  be  overloaded  of  necessitv  or  through 
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lack  of  knowledge  of  its  limitations.  It  often  happens  that  some 
features  of  the  station  equipment,  while  not  causing  interruptions 
of  themselves,  will  permit  or  prolong  them  by  failure  to  localize 
troubles  of  some  other  origin.  A  study  of  the  power  house  and 
switchboard  practice  is  necessary  to  comprehend  all  the  features 
of  this  question  and  a  few  rules  only  can  be  suggested. 

I — No  essential  piece  of  apparatus  should  be  so  con- 
structed and  placed  that  it  cannot  be  cut  out  for  repairs 
without  an  interruption  of  service. 

2 — An  efifort  should  be  made,  by  means  of  relays,  to  per- 
mit one  of  two  or  more  parallel  lines  to  trip  out  where  de- 
fective without  interrupting  power  on  the  other  lines. 

3 — Provision  should  be  made  to  permit  the  station  at- 
tendants to  know  as  quickly  and  conveniently  as  possible,  just 
what  is  going  on  in  different  parts  of  his  station  and  on  such 
parts  of  the  line  or  system  as  concern  him. 

4 — Equipment  should  be  so  arranged  as  to  enable  the 
station  men  to  cut  out  defective  apparatus  on  lines  and  read- 
just themselves  to  abnormal  conditions  quickly  and  without 
danger  to   themselves  or  others. 

5 — The  station  wiring  and  the  placing  of  apparatus 
should  be  such  that  trouble  in  one  place  will  be  least  likely  to 
spread  to  adjacent  apparatus. 

6 — In  so  far  as  possible,  circuit  interrupting  apparatus 
should  not  be  so  placed  as  to  be  compelled  to  open  overloads 
or  short-circuits  of  much  greater  capacity  than  that  for 
which  they  were  intended  when  designed. 

THE  LINE 

Line  construction  may  be  of  a  type  entirely  satisfactory  for 
power  stations  of  moderate  capacity  but  inadequate  when  higher 
voltages  or,  especially,  greater  power  is  carried.  Much  that  might 
be  said  under  this  head  is  already  covered  in  previous  pages  of  the 
present  series  in  regard  to  types  of  construction  which  will  best  re- 
sist lightning.  It  is  almost  needless  to  say  that,  so  far  as  expense 
will  permit,  the  line  structures  should  be  strong  enough  mechanically 
to  withstand  wind,  sleet  and  similar  stresses  and  such  abnormal 
stresses  as  appear  when  one  or  more  conductors  become  broken. 

It  is  found  that  if  an  arc  forms  between  conductors  it  almost 
invariably  occurs  at  the  insulators  as  a  result  of  a  flash-over. 
Moreover,  such  an  arc  with  certain  volume  of  current  and  size  of 
conductor  will  burn  the  conductor  in  two — sometimes  very  quickly. 
Just  what  combination  of   current  in  the  arc,  size  of  conductor, 
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material  of  the  conductor  and  stress  thereon  will  cause  it  to  burn  in 
two  is  difficult  to  determine  and  there  is  not  much  data  available. 
In  general  the  conductors  of  high  voltage  lines  should  be  protected 
by  a  serving  wrapping  or  other  shield  near  the  insulators  to  pre- 
vent the  actual  conductor  from  being  burned. 

The  location  of  line  trouble  quickly  is  of  course  vital  to  speedy 
repairing  of  the  damage.  Such  location  is,  however,  difficult,  espec- 
ially on  long  lines  traversing  rough  country.  This  is  particularly 
true  if  the  search  has  to  be  made  at  night.  A  road  or  pathway 
along  the  line  greatly  facilitates  the  inspection  of  the  line  and  a 
search-light  will  enable  fractured  insulators  to  be  detected  at  night 
particularly  if  they  have  a  colored  glaze.  An  automobile  with  a 
search-light  attached  to  the  dash  board  has  been  found  by  the  Nia- 
gara, Lockport  &  Ontario  Power  Co.  to  be  a  great  convenience  for 
patrolling  the  line.  It  has  been  found  also  that  the  breaking  up 
of  a  line  into  sections  by  means  of  disconnecting  switches  will  often 
greatly  facilitate  the  location  and  repair  of  damage.  If  power  is 
available  at  both  ends  two  crews  may  begin  testing  out  and  re- 
pairing such  sections  as  they  can  handle  conveniently.  Having  one 
section  repaired  and  tested,  a  crew  proceeds  to  the  next  section 
with  assurance  that  some  damage  has  not  been  left  unrepaired  miles 
behind  them. 

Where  steel  tower  or  grounded  pin  construction  is  used  it  is 
often  possible  to  locate  a  defect  on  a  line  by  electrical  tests  analo- 
gous to  those  used  in  finding  faults  in  telephone  cables.  Mr.  L.  C. 
Nicholson  has  described  a  method  *  of  this  kind  which  consists  es- 
sentially in  measuring  the  impedance  from  the  power  station  to  a 
fault  (commonly  a  broken  insulator)  over  two  paths.  One  of  these 
paths  is  that  made  by  the  affected  wire  directly  from  the  power 
station  to  the  fault.  The  other  is  made  up  of  the  other  conductors 
to  the  distant  station  and  from  there  back  to  the  fault  on  the  affected 
wire.  A  high  alternating  voltage  is  used  and  the  impedance  values 
are  measured  by  the  current  in  the  respective  branches  of  the  cir- 
cuit. Very  good  results  have  been  obtained  by  Mr.  Nicholson  with 
this  method  on  a  line  having  grounded  insulator  pins. 

While  not  coming  exactly  under  the  head  of  line  construction 
it  may  be  said  that  at  least  two  lines  must  supply  each  important 
load  if  any  great  guarantee  against  the  cutting  off  of  power  is  to 


*"The    Location    of    Broken    Insulators    and    other    Transmission    Line 
Troubles,"  A.  I.  E.  E.,  June,  1907. 
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be  made.  It  is  a  distinct  advantage,  if  the  power  supply  and  the 
load  are  a  great  distance  apart,  to  have  them  connected  by  lines 
traversing  different  parts  of  the  country  in  order  that  a  storm  may 
not  affect  both,  at  least  not  simultaneously.  Furthermore  if  a  steam 
auxiliary  to  water  power  is  provided  it  should  be  near  the  load,  if 
possible,  so  that  a  failure  of  the  transmission  line  may  not  in- 
terfere with  both  sources  of  power.  The  writer  found  one  case 
where  the  steam  auxiliary  was  located  in  the  water  power  station, 
with  the  result  that  if  the  transmission  line  failed  the  steam  power 
was  in  just  as  helpless  a  position  as  the  water  power. 

MATERIAL 

Most  material  which  might  prove  defective  can  be  eliminated 
b}'  suitaljle  tests  but  there  are  some  kinds  for  which  experience 
covering  a  considerable  period  of  time  is  required  in  order  to  enable 
one  to  determine  their  value.  Under  this  class  may  be  placed  pro- 
tective coatings  such  as  paint  or  galvanizing,  treatment  for  wood 
used  for  insulator  pins,  etc.  Most  information  of  this  kind  is  now 
a\-ailable  in  some  form  and  no  great  difficulty  should  be  encoimter- 
ed  in  getting  satisfactory  material. 

UNDUE    DETERIORATION 

Deterioration  of  equipment  at  an  abnormal  rate  may  occur  at 
times  and  cause  unexpected  failure  of  apparatus.  Overloading  and 
consequent  overheating  of  insulation  is  a  fruitful  source  of  trouble. 
Adequate  capacity  of  ap])aratus  for  peak  loads  is  desirable  and  an 
accurate  knowledge  of  the  safe  overload  capacity  of  apparatus  in 
the  place  idiere  it  is  installed  is  essential  to  avoid  troul)lc  from  this 
source.  When  special  connections  of  transformers  are  used 
or  transformers  of  possibly  different  characteristics  are  run  in  par- 
allel a  clear  understanding  should  be  obtained  as  to  how  the  load 
will  divide  between  the  diff"erent  units.  In  general  the  apparatus 
furnished  by  the  manufacturing  companies  is  well  able  to  meet 
the  guarantees ;  but  when  so  placed  as  not  to  receive  proper  ventila- 
tion or  so  connected  as  to  be  overloaded  and  overheated  without 
the  knowledge  or  intent  of  the  operator  it  sometimes  fails  un- 
expectedly  f ro  u   no   fault  of   its  own. 

Wood  insulator  ])ins  for  30000  volts  and  upward  are  often 
burned  by  the  leakage  current  over  the  insulators  or  l)y  the  capacity 
current  of  the  insulator  acting  as  a  condenser.  Such  burning  is  of 
an  irregular,  honey-combed  nature  and  not  always  readily  visible. 
It  may  permit  the  insulator  to  drop  from  its  su])])ort  and  ground  the 
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line.  Such  burning  seems  to  be  worse  the  higher  the  vohage  and 
the  greater  the  voltage  stress  on  the  insulator.  Boiling  the  pins 
in  creosote  oil  or  in  parafifin  is  considered  the  best  treatment  and 
by  some  engineers  is  considered  satisfactory  up  to  50  to  60  kilo- 
volts,  but  other  engineers  prefer  that  all  \nns  for  use  on  voltages 
above  30  000  be  of  metal. 

SURGES   AND  RESONANCE 

Surges,  resonance,  etc.,  are  at  times  the  cause  of  insulation  fail- 
ure, consequent  interruption,  and  perhaps  damage  to  apparatus. 
It  is  difficult  to  define  the  conditions  which  will  or  will  not  produce 
such  trouble.  Arcing  grounds  are  sometimes  a  cause  of  surges  or 
high  frequency  disturbances  travelling  back  and  forth  over  the  line. 
A  short-circuit  of  great  capacity  very  suddenly  opened  may  cause 
an  inductive  rise  of  voltage  at  the  point  where  the  opening  occurs. 
The  closing  of  a  switch  between  a  live  circuit  and  the  high  poten- 
tial windings  of  an  unexcited  transformer  causes  severe  stress 
between  turns  of  the  transformer  windings.  It  is  preferable,  if 
possible,  to  connect  a  transformer  or  bank  of  transformers  on  the 
low  side  first  so  that  the  windings  are  at  about  full  potential 
before  the  circuit  is  closed  on  the  high  side.  This  is  not  always 
possible,  as  in  the  case  of  an  isolated  sub-station  with  but  one  set 
of  transformers ;  if  the  only  power  such  a  station  can  receive  must 
come  from  the  transmission  line,  it  is  obvious  that  the  switching 
must  be  done  on  the  high  side.  Modern  transformers,  with  extra 
insulation  on  the  end  turns,  are  not  likely  to  give  trouble  from  this 
source  but  if  there  is  opportunity  it  is  still  preferable  to  minimize 
the  stress  as  much  as  possible  by  doing  the  switcbing  on  the  low 
side. 

Under  normal  conditions  a  transmission  line  operates  in  a  state 
of  static  equilibriun  relative  to  ground  potential.  That  is.  the  pos- 
itive static  charges  on  part  of  the  generator  or  transformer  system 
are  just  equal  to  the  negative  static  charges  on  the  remaining  por- 
tions of  the  system.  In  the  event,  however,  of  breakdown  of 
the  insulation  between  the  high  and  low-tension  transformer  wind- 
ings, the  low-tension  system  in  circuit  with  the  transformers  may 
be  raised  to  a  static  potential  so  far  above  its  normal  potential  as 
to  cause  trouble  in  connection  with  connected  apparatus  or  serious 
life  and  fire  risk.  A  similar  condition  of  abnormal  static  potential 
on  the  low-tension  side  of  the  system  is  caused  by  an  accidental 
ground  on  one  side  of  tlie  high-tension  circuit,  as  the  result  of  con- 
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denser  action  between  high  and  low-tension  windings  of  the  trans- 
formers considered  as  condenser  plates  separated  by  a  dielectric  con- 
sisting of  the  insulation  between  them.*  Such  a  condition  is  pre- 
vented by  connecting  a  neutral  point  of  the  low-tension  circuit  to 
ground  through  a  small  resistance. 

Cables  which  form  a  part  of  a  transmission  system  are  espec- 
ially susceptible  to  trouble  from  surges  involving  relatively  larger 
amounts  of  energy  than  would  be  possible  in  overhead  circuits  of 
otherwise  similar  characteristics,  due  to  their  large  electrostatic 
capacity  between  conductors  and  from  these  to  ground  (sheath), 
and  the  lower  inductance  resulting  from  the  closer  proximity  of 
the  conductors.  Hence,  the  additional  importance  of  maintaining 
static  equilibrium  of  the  transmission  system  by  suitable  grounding 
at  neutral  points  as  well  as  the  importance  of  protecting  the  cables 
themselves  by  providing  a  means  of  escape  for  such  static  charges 
as  may  appear  therein,  iii  the  form  of  suitable  discharge  gaps  at 
the  cable-heads,  so  arranged  as  to  give  a  moderately  free  discharge 
path  to  ground.  Choke  coils  are  not  to  be  recommended  for  use  in 
connection  with  cables  as  a  protection  against  surges,  as  the  com- 
bination of  inductance  and  capacity  in  series  which  is  thus  obtained 
is  liable  to  produce  a  re.^onant  condition  resulting  in  serious  rises  of 
potential  and  thus  defeating  the  exact  purposes  in  view. 

In  general  the  grounding  of  a  neutral  point  of  a  system  has  the 
effect  of  preventing  many  static  disturbances.  Even  on  very  high 
voltage  overhead  lines  of  great  length  the  grounding  of  the  neutral 
at  the  power  house  through  a  resistance,  even  of  considerable 
ohmic  value,  has  been  found  to  eliminate  the  flashing  over  of  trans- 
former bushings  and  station  inlets  to  such  a  degree  as  to  make  it 
well  worth  while,  notwithstanding  some  inconvenience  which  it 
may  at  times  cause  due  to  the  tripping  out  of  the  circuit  in  case  of 
grounds  on  one  line  of  the  circuit. 

PERSONNEL  OF  OPERATING  FORCE 

While  comparatively  little  can  be  said  on  the  subject  of  the  op- 
erating organization  that  will  apply  to  all  conditions,  it  is  neverthe- 
less true  that  a  complete,  well  trained  and  enthusiastic  organization  is 


*This  is  discussed  in  an  article  on  "Protection  of  Electric  Circuits  and 
Apparatus  from  Lightning  and  Similar  Disturbances"  in  The  Journal  for 
February,  1908,  pp.  84-86.  See  also  articles  by  Messrs.  Fortescue  and  Pedc 
(and  editorials)  in  the  present  series  appearing  in  the  March  and  May,  191 1, 
issues. 
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an  effective  weapon  against  service  interruption.  It  is  obvious  that 
the  assumption  should  not  be  made  that  conditions  will  always  be 
perfect.  Possible  contingencies  should  be  foreseen  and  the  men 
instructed  and  trained  as  to  what  to  do  and  how  to  do  it  quickly 
and  accurately.  Sometimes  valuable  time  is  lost  by  men  working  at 
cross  purposes  because  of  misunderstanding.  The  maintenance 
of  an  efficient  organization  involves  peculiar  difficulties,  as  the 
personnel  is  likely  to  be  constantly  changing  and  a  great  deal 
of  the  work  of  training  the  men  must  frequently  be  repeated.  The 
loyalty,  enthusiasm,  resourcefulness  and  carefulness  of  operating 
attendants  and  linemen  is  a  great  factor  not  only  in  the  prevention 
of  interruption  but  more  particularly  in  the  reduction  of  the  length 
of  time  for  which  those  that  do  occur  may  continue. 

The  disturbance  which  produces  an  interruption  and  inter- 
feres with  the  regular  routine  also  involves  the  possibility  of  injury 
to  operating  men  or  assistants.  The  quality  of  the  men  com- 
posing the  organization  and  the  care  with  which  they  are  trained 
and  instructed  is  the  best  preventive  against  accidents. 

SUMMARY 

It  is  obvious,  then,  that  many  diverse  elements  must  be  con- 
sidered in  maintaining  service  with  the  least  interruption.  There 
is  no  panacea  for  all  the  troubles  of  power  transmission  systems 
nor  can  any  equipment  or  installation  be  worked  out  so  completely 
as  to   eliminate  accident,  or  the   "personal  equation." 

The  best  designed  and  best  conducted  systems  will  meet  with 
accidents  at  times,  but  on  the  wdiole,  if  proper  care  is  taken  and 
the  best  skill  employed  in  making  up  the  material  equipment,  and 
if  eternal  vigilance  and  preparedness  is  insisted  upon,  its  return  will 
be  in  the  form  of  increasingly  reliable  service. 


CHARACTERISTICS  OF  CURRENT  TRANSFORMERS 

HAROLD  W.  BROWN 

ALTHOUGH  current  transformers  are  fundamentally  the  same 
as  other  transformers  in  their  general  characteristics,  there 
are  several  features  which  are  particularly  applicable  to 
their  action.  The  principles  as  discussed  below  apply  without  modi- 
fication to  both  single  and  polyphase  alternating-current  circuits. 
The  present  paper  is  introductory  to  a  later  discussion  of  various 
connections  of  current  transformers  on  three-phase,  three-wire  and 
four- wire  circuits. 


FIG.     I — SEPARATE 

OF  CURRENT  TRANS- 
FORMERS CONNECTED 
TO  A  W.\TTMETER  OR 
WATT-HOUR  METER, 
TO  GIVE  INCREASED 
ACCURACY 


2— IN.STRUMENTS  HAV- 
ING ONLY  REACTANCE  MAY 
BE  IN  SERIES  WITH  A 
POWER-FACTOR  METER.  AND 
INSTRUMENTS  HAVING 
ONLY  RESISTANCE  USUALLY 
INTRODUCE  SMALL  ERRORS 
WHEN       IN       SERIES       WITH 

am:\ieters 


B^^ 


FIG.  3 — SHOWING 
W  R  0  N  G  A  R- 
R  .V  N  G  E  M  E  N  T  S 
WHICH  INTRO- 
DUCE ERRORS  IX 
POWER  -  FACTOR 
METER  A  N  D 
AMMETER 


Short-Clrcititcd  Secondary — If  the  current  transformer  second- 
ary is  nearly  short-circuited,  the  ratio  of  secondary  to  primary  cur- 
rent is  very  nearly  equal  to  the  ratio  of  primary  and  secondary 
turns.  This  is  illustrated  in  Fig.  i,  where  only  a  wattmeter  or  watt- 
hour  meter  of  low  impedance  is  connected  in  series  with  the  trans- 
formers. Such  a  connection  is  desirable  where  the  watt-hour  meter 
is  used  for  making  charges  for  energy,  especially  if  the  normal 
line  current  is  much  less  than  the  rated  current  of  the  transformer. 
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because  the  percentage  of  error  due  to  impedance  is  greatest  at 
small  currents. 

Resistance  and  Reactance  in  Secondary— When  any  impedance 
is  introduced  in  the  transformer  secondary  circuit,  there  is  an  error 
in  the  current  ratio,  which  in  ordinary  service  depends  mainly  on 
the  reactance  that  is  introduced.  Resistance  ordinarily  has  less  ef- 
fect on  the  ratio  Ijut  introduces  a  phase  discrepancy  between  primary 
and  secondary  current,  whereas  reactance  has  a  negligible  effect  on 

phase  relation.  Both  of 
these  errors  are  small 
with  ordinary  grouping 
of  measuring  instru- 
ments. 'Jlius  a  coil  of 
considerable  reactance 
may  be  ])laced  in  series 
v.ith  a  power-factor  w.e- 
tcr,  but  should  n;)t  be 
put  in  series  with  an 
ammeter  ;  whereas  an  in- 
strument having  only  re- 
sistance would  have  less 

^    S    ^  """  '™         5    S     JL  ^^^^^   ^^"   ^^^^    ammeter, 

|]      [I      [I  ri 1 — '  ^''■^^  more  on  the  power- 

factor  meter  indications. 
See  Figs.  2  and  3. 

Effect  of  Earge  Im- 
pedance— If  the  imped- 
ance (whether  it  con- 
sists mainly  of  resist- 
ance or  reactance)  is 
large,  the  error  in  cur- 
^S*-'s-  i-gnt  ratio  is  correspond- 

ingly large,  and  the  voltage  between  transformer  secondary  ter- 
minals may  be  considerable.  An  open  circuit  on  the  secondary  is 
an  example  of  extremely  high  resistance,  and  the  voltage  in  this 
case  may  be  so  high  as  to  endanger  tlie  operator  and  put  an  ex- 
cessive strain  on  the  transformer  insulation. 

Inter-Connected  Secondaries — If  the  secondaries  of  two  or 
more  current  transformers  are  connected  together  in  such  a  way 
tliat  tlie  current  from  one  or  more  transformers  must  return  tlirougli 


FK;.      4 — .'\LLOWABLE  FK;.     5 — WRONG    COX- 

CONNECTIONS  XECTIONS 

These     do     not     intro-      .^11  of  these  may  in 
duce    excessive    voltages,  troduce   excessive  volt 
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another  transformer,  the  resulting  voltage  may  be  dangerously  high 
and  an  excessive  error  in  current  ratio  will  be  introduced  unless 
the  current  returning  through  the  latter  transformer  is  the  same  in 
phase  and  amount  as  would  be  induced  in  it 
by  its  primary  current.  Fig.  4  illustrates  sev- 
eral allowable  connections.  The  series,  delta, 
and  two-wire  connections  can  be  made  also  on 
'four-wire  and  grounded  neutral  circuits.  The 
connections  shown  in  Fig.  5  are  wrong.  They 
are  liable  to  introduce  excessive  voltages  in  the 
Pjp^  5  secondary  circuits. 

Current    in    secon-  Current  in   Common  Return — If  any  cir- 

dary    common    line   b        •,  ■,  ^  ^  r  •  i- 

is  proportional  to  ^^^^  '^^^  ^  current  transformer  m  every  Ime  ex- 
current  in  primary  cept  one,  which  may  be  designated  as  B,  and 
all  the  secondaries  have  their  circuits  com- 
pleted through  a  single  common  return  wire,  the  total  current  in  the 
return  wire  is  the  same  in  phase  and  amount  as  the  secondary  cur- 
rent would  be  in  a  transformer  connected  in  line  B,  provided ;  first, 
that  there  is  no  primary  ground,  or  other  return  circuit  for  the 
primary,    except    the    lines    just        a      b       c  b      c 

rnentioned ;  second,  that  the  cur- 
rent transformers  all  have  the 
same  current  ratio,  and  third, 
that  the  secondary  common  re- 
turn connects  to  corresponding 
transformer  leads,  on  all  the 
transformers,  i.  e.,  to  the  lead 
from  each  transformer  at  the 
outgoing  end.  These  conditions 
are  illustrated  in  Figs.  6  and  7. 

Secondaries  in  Series  or 
Parallel — If  two  or  more  current 
transformers  on  the  same  line  of 
the  same  circuit  have  their  pri- 
maries in  series,  and  their  sec- 
ondaries are  properly  connected 
in    series, 

"Inter  -  Connected  Secondaries' 
above,  the  secondary  current  is  the  same  as  if  there  were  only  one 
transformer,  except  that  if  there  is  an  appreciable  error  in  current 
ratio  or  phase  displacement  the  error  becomes  smaller  as  the  num- 


Ground  Return 


FIG.    7 

Shovvmg   connections   in   which   cur- 
rent  in    secondary   common   line   X    is 
as     indicated     under  not  proportional  to  current  in  primary 
line  B. 
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Fin.  «  —  PRIMARIES 
IN  SERIES  ;  SEC- 
ONDARIES  IN 
SERIES 


ber  of  transformers  is  increased.     If   the  primaries  are  in   series 

and  the  secondaries  in  parallel,  the  total  secondary  current  is  in- 

100  100  creased    in    proportion    to    the 

Amos.  Ames.  '■ 

number  of  transformers.  Thus, 
in  Fig.  8,  with  the  two  second- 
aries in  series,  the  secondary 
current  is  five  amperes;  and  in 
Fig.  9,  with  the  same  primary 

"Tn  ^Iries T''sec-  ^^"^■^■e"t  a"d  ^^^^th  the  second- 
oNDARiEs  IN  arics  in  parallel,  the  secondary 
parallel  current  is  ten  amperes. 

Light  Load  Errors — There  is  an  error  in  current  ratio  at  small 
currents,  es- 
pecially if  the 
impedance  in 
the  secondary 
is  large.  This 
is  illustrated 
by  the  curve. 
Fig.  10, 
which  shows 
the  percent- 
age     of      the 

correct  ratio  that  a  typical  transformer  has  at  different  currents. 
i^  The  transformer  here  considered  is  com- 

pensated so  that  it  has  correct  ratio  at  60 
percent  of  its  rated  current.  It  will  be 
seen  that  the  percent  of  error  is  small 
above  60  percent,  but  becomes  larger  as 
the  current  is  decreased.  If  great  ac- 
curacy is  required,  the  transformer  should 
be  of  such  capacity  that  the  normal  load 
is  between  50  and  100  percent  of  the  rat- 
ing of  the  transformer,  to  avoid  light  load 
errors  and  overloading  the  transformer. 
As  is  illustrated  in  Fig.  11,  it  is  sometimes 
advisable  to  provide  a  separate  pair  of 
transformers  to  secure  especially  accurate 
indications  on  certain  meters,  where  the  other  instruments  require 
a  transformer  of  large  current  rating,  because  the  transformer 
having  the  larger  current  rating  has  a  greater  light  load  error. 
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WINDING  OF  DYNAMO-ELECTRIC  MACHINES-XIV 

CONNECTIONS  FOR  DIRECT-CURRENT  ARMATURE 
WINDINGS 

H.  C.  WALTER 

DIRECT-CURRENT  armature  windings  may  be  classified 
under  two  general  types,  namely,  open  and  closed  coil 
windings.  Open  coil  windings  are  limited  in  their  applica- 
tion to  constant-current  dynamos,  while  closed  coil  windings  have  a 
much  wider  field  of  application,  as  they  are  used  in  practically  all 
constant  potential  generators  and  motors.  Closed  coil  windings  are 
sub-divided  into  two  classes,  viz.,  ring  windings  and  drum  windings, 
of  which  the  latter  are  used  almost  exclusively  at  the  present  time, 
the  ring  winding  having  become  almost  obsolete.  In  the  present 
article  the  purpose  is  to  consider  only  connections  for  closed  coil 
drum  windings,  as  they  are  by  far  the  most  important  of  all  types 
of  direct-current  armature  windings. 

For  the  sake  of  clearness  the  following  terms  most  commonly 
applied  to  the  armature  windings  will  be  defined. 

Armature  Coil — All  the  conductors  on  the  armature  connected  in 
series  between  two  consecutive  connections  to  the  commutator. 
It  may  consist  of  one  or  more  turns. 

Winding  Element — One  side  or  half  of  a  coil, 
it  may  consist  of  any  number  of  turns. 

Coil  Pitch — The  distance  'between  two  sides  of  a  coil,  measured  in 
elements. 

Back  Pitch — Same  as  coil  pitch,  but  measured  most  conveniently  at 
the  back  end  of  the  armature. 

Front  Pitch — 'The  distance  between  two  elements  connected  to  the 
same  commutator  bar  measured  in  winding  elements,  but  meas- 
ured most  conveniently  at  the  front  end  of  the  armature. 

Commutator  Pitch — Distance  between  the  two  commutator  bars  con- 
nected to  the  ends  of  a  coil,  measured  in  commutator  bars. 

Drum  windings  may  be  divided  into  two  distinct  types,  the  lap 
or  multiple  winding  and  the  wave,  or  series  winding.*  The  diflfer- 
ence  in  the  construction  of  the  two  types  pertains  to  the  method  of 
connecting  together  the  individual  coils,  they  being  easily  distin- 
guished by  an  inspection  of  the  end  connections.  In  the  wave  wind- 
ing the  end  connections  at  the  front  and  rear  of  the  armature  con- 
tinue in  the  same  direction  around  the  armature  as  shown  in  Fig. 
152,  while  in  the  lap  winding  the  front  and  rear  connections  lead  in 
opposite  directions,  as  shown  in  Fig.  153. 


'See  introductory  article  by  Mr.  R.  .■\.  Smart,  June,  1910,  p.  454. 
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In  determining  the  number  of  coils  to  be  used  in  an  armature 
winding  there  are  certain  rules  that  must  be  observed,  which  are 
briefly  as  follows : 

I — The  front  and  back  pitch  must  both  be  odd  numbers,  and  in  the 
lap  winding  must  differ  by  tzvo  or  some  muUiple  thereof. 

2 — In  the  wave  winding  the  front  and  back  pitch  may  be  equal  or 
may  differ  by  tzvo  or  some  multiple  thereof,  as  above. 

3 — In  the  lap  winding  the  front  and  back  pitches  are  of  opposite 
sign,  that  is,  they  are  laid  off  in  opposite  directions  on  the 
armature,  while  in  the  wave  winding  they  are  of  the  same  sign. 

4 — The  commutator  pitch  is  equal  to  the  average  of  the  front  and 
back  pitches. 

In  applying  these  rules  and  the  formulae  which  follow,  it  is 
necessary,  when  slotted  armatures  are  used,  to  adhere  to  a  definite 
method  of  numbering 
the  elements  of  the  wind- 
ings. Since  the  coils  are 
always  arranged  in  two 
layers,  in  slotted  arma- 
tures, the  elements  form- 
ing the  top  layers  are 
designated  by  odd  num- 
bers and  those  in  the 
bottom  layers  by  even  numbers,  as  shown  in  Fig.  154.  This  conven- 
tion is  followed  in  the  case  of  all  of  the  slotted  armature  diagrams 
here  considered. 

LAP   WINDINGS 


FIG.    15; 


-WAVE    OR    SERIES  WIND- 
ING 


FIG.  153— LAP 
WINDING 


For  the  lap  winding.  Fig.  153;   back  pitch 
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pitch 
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front 


FIG.   154 


yo  =  yi  ±  2 ;  average   pitch  =  y  =  =b  i  ;  commutator  pitch 

r  i    I,  where  s  =  the  number  of  half  coils  or  elements  in 

the  winding,  p  =  the  number  of  pairs  of  poles  in 

the  machine,  and  b  =  a  number  which  will  make 

y\  and  ^3  odd  integers  (whole  numbers). 

For  b=o,  the  back  pitch  becomes  equal  to 
the  pole  pitch ;  if  Z?  is  positive,  t^  becomes  greater 
than  the  pole  pitch;  if  b  is  negative,  y\  becomes  less  than  the  pole 
pitch.  As  a  rule  b  is  negative,  y^  becomes  less  than  the  pole  pitch. 
As  a  rule  b  is  always  taken  negative,  i.  e.,  y\  is  made  equal  to  or  less 
than  the  pole  pitch. 

The  simple  lap  winding  has  as  many  parallel  circuits  as  there 
are  poles  in  the  machine.  However,  in  cases  where  it  is  necessary 
to  obtain  a  very  heavy  current,  double  or  triple  lap  windings  are 
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sometimes  used.  The  double  lap  winding  is  obtained  by  placing  two 
similar  windings  on  the  same  armature  and  connecting  the  even 
numbered  commutator  bars  to  one  winding  and  the  odd  numbered 
ones  to  the  second  winding.  Similarly,  in  the  triple  lap  winding, 
each  section  of  the  winding  would  connect  to  one-third  of  the  com- 
mutator   bars.      For    these    windings,    \\ —   ^7^;  yo  =^  ^=- ±  2m  ; 

2p  '    -         2p 

y  jj  =:  yir~X;-  =  ±:  m  ;  y  =  y^  — ■  Vo  =  ±  2m,  whcrc  m  =:  an  inte- 
ger greater  than  one,  i  e.,  2  for  a  double  winding,  j  for  a  triple 
winding,  etc.     If  the  number  of  commutator  bars  is  exactly    divis- 


FIG.     155 — FOUR-POLE,     SINGLE     LAP,     MULTIPLE     CIRCUIT,     FULL 
PITCH     WINDING 

ible  by  7n,  the  several  windings  will  be  entirely  separate  from  each 
other. 

A  four-pole  lap  or  multiple  winding  of   16  coils  in   16  slots  is 
shown  in  Fig  155,   for  which  ^^32,  b  ^  4,  p  =  2.     Then,  Ji  = 

^-=*  =  7,  and  yo  =  "'-"'^    +2  =  9.     In  this  winding  the  coil    pitch 
y\  is  equal  to  the  pole  pitch ;  it  is,  therefore,  a  full  pitch  winding. 

A  multiple  winding  in  which  the  coil  pitch  y  is  considerably 
less  than  the  pole  pitch  is  shown  in  Fig.  156.    In  this  case  ^==64, 

b=j2,  p^2,  rj,   the  number  of   slots  =16.     Then,   y^  =  ^  ~ 
=  13  and  y2=i3  —  2  =  11.     This  style  of  winding  is  generally 
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known  as  a  chord  or  chorded  winding,  in  distinction  from  the  full 
pitch  winding. 

A  double  lap  winding  composed  of  36  coils  placed  in  18  slots 
and  18  coils  for  each  winding,  is  shown  in  Fig.  157.  In  this  case  ^  = 
y2,  k,  the  number  of  commutator  bars,  =  36,  2p  =  4,  m  =  2.  Since 
in  this  case  ^^  is  an  even  number,  rzi  18,  b  is  taken  as  4 ;  hence,  y,  = 
'"""■*  =17,  72=17  —  4=i3»  and  the  commutator  pitch,  y^^  ^^ 
'^~  =  2.      Since   the   number   of  commutator  bars  (  =  36)   and 


FIG.    156 — FOUR-POLE,   SINGLE   LAP,   CHORD   OR   FRACTIONAL  PITCH 
WINDING 


the  commutator  pitch,  (_Vk==2)have  the  common  divisor  2  two 
distinct  windings  are  obtained.  Beginning  with  bar  i  and  tracing 
through  the  winding  it  may  be  seen  that  the  winding  completes  it- 
self after  going  around  the  armature  once  and  connecting  to  one- 
half  of  the  commutator  bars ;  this  winding  has  2p  =  4  parallel  cir- 
cuits. Similarly  the  second  winding  embraces  one-half  of  the  coils 
and  commutator  bars,  its  coils  fitting  in  between  those  of  the  first 
winding,  and  has  also  four  parallel  circuits.  The  two  windings  to- 
gether, therefore,  give  eight  parallel  circuits. 
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WAVE   WINDINGS 

For  the  wave  windings,  also  called  series  or  two-circuit  wind- 
ings, of  the  type  shown  in  Fig.  152,  the  following  formulae  are  ob- 
tained: y  =  yif  y,=  '^^'=2y^;yk=^^t^=^-p^-  Hence, 
the  number  of  commutator  bars  must  satisfy  the  equation, 
k  =  pXy-  ±  I-  As  before  3^1  and  v,  must  be  odd  integers  and 
y  must  be  a  whole  number.  In  this  case  the  back  pitch  is  very 
nearly  equal  to  the  pole  pitch  and  the  sum  of  the  front  and  back 
pitches  is  very  nearly  equal  to  double  the  pole  pitch.    If  y-^  is  de- 


FIG.     157 — FOUR-POLE     DOUBLE     LAP     WINDING 

creased,  as  in  the  case  of  a  chord  winding,  then  t„  must  be  in- 
creased so  that  the  sum  y^  -|-  y,  remains  constant. 

A  four-pole  series  or  wave  winding  of  13  coils  is  shown  in  Fig. 
158,  in  which  yj^.^  6,  2p  =  4.  Then  ^  =  2  X  6  ±  i  ==  1 1  or  13  (in 
this  case  13),  and  yj-f-  y,  =  2y-^  =  12,  for  k^  13,  s^26,  y^^y, 
T2  =  5-  Beginning  with  bar  No.  i  and  element  /  and  tracing 
through  the  winding  element.  No.  /  connects  with  ( i  -j-  y^  =  i  -|-  7 
=  8),  elements  /  and  8  forming  the  two  sides  of  a  coil.  As  the 
commutator  pitch  is  (y^;.  =  6)  and  the  front  pitch  5,  from  element 
No.  8  the  circuit  passes  across  the  front  end  of  the  armature  to  ele- 
ment  (8  -f  5  =  13)   and  in  so  doing  connects  to  commutator  bar 
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(1+6=:  7).  Continuing  around  the  armature  through  the  coil 
formed  by  elements  ij  and  20  and  then  to  commutator  bar 
(7  4-yk=i3)>  the  circuit  is  found  to  have  traveled  around  the 
commutator  a  distance  of  2y]^  bars  and  reached  the  bar  (i  +  py^  ) 
at  a  distance  of  one  bar  from  the  starting  point.  Denoting  by  m  the 
amount  which  y^  differs  from  the  double  pole  pitch  (in  this  case 
half  a  bar),  p  m  ==  i  is  the  amount  by  which  pyj,  (or  2y]j,)  deviates 
from  the  starting  point,  bar  No.  i.     Then  pyk=  k  ±  pm,    or,  since 

mc=^.  vv  =  ^  ^  ^,  where  a  is  the   number  of  pairs  of  parallel 
p'  -^  ^  p 


FIG.     158 — FOUR- POLE,    TWO-CIRCUIT,    WAVE    WINDING 

circuits  in  the  armature.  In  this  type  of  winding  the  number  of 
parallel  circuits  in  the  armature  is  tzvo,  regardless  of  the  number  of 
poles.  This  winding  is  particularly  well  adapted  for  small  and  mod- 
crate  sized  machines  where  it  is  desirable  to  keep  the  number  of 
coils  as  small  as  possible. 

Practically  all  of  the  important  armature  windings  for  large 
and  moderate  sized  direct-current  machines  are  covered  by  the  fore- 
going. The  method  of  winding  small  hand-wound  machines  has 
been  given  in  a  previous  installment  of  this  series.* 


*See  June,  1910,  p.  460,  and  July,  1910,  pp.  547  and  553. 


EXPERIENCE  ON  THE  ROAD 

A  PHANTOM  LOAD 

LEONARD  WORK 

CIRCULATING  CURRENT  between  alternators  in  parallel 
may  result  from  a  variety  of  causes,  chief  among  which  is  a 
tendency  toward  unequal  generator  speed,  the  latter  result- 
ing from  slippage  or  bad  joints  in  belts,  difference  in  pulley  diam- 
eters, angular  variation  in  prime  movers  and  super-sensitive  or 
faulty  engine  governors.  There  are  other  less  frequent  causes 
which  are  sometimes  difficult  to  discover.  Quite  recently  there  hap- 
pened a  case  of  this  latter  kind  which  is  of  particular  interest,  not 
only  because  of  the  unusual  and  perplexing  cause  of  the  trouble, 
but  because  of  the  liability  of  its  happening  wherever  similar  con- 
ditions prevail. 

Two  150  kw,  two-phase  alternators  of  the  revolving  armature 
type  were  reported  as  indicating  on  their  ammeters  a  quiet,  steady 
current  of  about  half  load  on  each  machine  when  run  in  parallel 
without  any  load  connected  to  the  bus-bars,  but  when  either  ma- 
chine alone  was  run  in  parallel  with  an  incoming  power  line,  which 
came  in  through  transformers,  no  such  effect  could  be  seen. 

The  trouble  was  said  to  date  back  but  a  short  period  to  when 
one  of  the  generators  had  a  number  of  armature  coils  replaced. 
Subsequent  to  these  repairs  an  increase  in  station  load  required  the 
operation  of  both  generators.  The  evidence  of  unbalanced  cir- 
culating currents  seemed  to  be  very  strong  and  convincing,  and, 
therefore,  an  examination  of  the  offending  machine  was  immedi- 
ately begun.  The  armature  winding  was  of  the  closed-coil  type 
with  taps  brought  out  mechanically  and  electrically  at  points  90  de- 
grees apart.  The  windings  and  connections  were  traced  out  and 
checked  several  times  and  proved  to  be  absolutely  correct  and  pre- 
cisely like  those  of  the  other  generator,  so  it  was  obvious  that, 
whatever  was  causing  the  trouble,  the  repaired  armature  coils  were 
surely  not  responsible,  and  therefore  this  clue,  which  at  first  was 
so  promising,  had  to  be  abandoned.  Tests  were  then  made  to  elimi- 
nate all  the  usual  causes  of  circulating  current,  such  as  slipping 
of  belts  and  friction  clutches,  etc.,  but  in  these  respects  everything 
was  found  normal  and  in  good  condition.  Voltages  on  the  phases 
of  both  machines  registered  alike. 

Circulating  current  or  a  phantom  load,  such  as  was  observed 
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in  this  plant,  can  be  produced  with  two  ahernators  in  parallel  when 
the  field  of  one  unit  is  under  or  over-excited,  the  proper  adjustment 
being  reached  when,  upon  manipulating  the  field  rheostats  without 
altering  the  bus-bar  voltage,  the  total  generator  amperes  are  at  a 
minimum ;  but  here  no  field  adjustment  could  be  found  which  would 
reduce  the  apparent  load.  Both  of  the  generators  were  of  the  com- 
pensator type,  in  which  an  induced  current  proportional  to  that 
in  the  main  leads  is  rectified  by  a  commutator  and  circulated  around 
the  fields,  the  effect  being  similar  to  that  of  the  compound  wind- 
ing of  a  direct-current  machine.  It  was  believed  that  there  w-as  a 
possible  chance  for  trouble  here,  although  it  did  not  seem  likely, 
especially  at  no-load.  However,  a  test  w^as  made  with  all  the  com- 
pensator circuits  on  both  machines  cut  out,  but  this  had  not  the 
slightest  eft'ect  on  the  trouble.  ' 

The  steadiness  of  the  phantom  load  was  such  as  to  excite  sus- 
picion that  some  kind  of  apparatus  might  be  connected  to  the  gen- 
erators or  bus-bars  unbeknown  to  the  attachees  of  the  plant,  and  al- 
though repeated  tracing  out  of  leads  and  switchboard  wiring  re- 
vealed no  such  connections,  in  order  to  make  double  sure,  the  lines 
of  the  switchboard  were  disconnected  and  the  machines  paralleled 
through  temporary  wires  straight  from  one  unit  to  the  other.  After 
this  v/as  done  an  ammeter  inserted  in  the  circuit  showed  that  the 
exasperating  circulating  current  was  still  present.  Every  attempt 
on  the  part  of  the  investigating  engineer  to  discover  a  solitary  sym- 
tom  of  disorder  had  gone  dow^n  in  defeat,  and  as  apparently  all 
other  possible  tests  had  been  made,  saturation  curves  were  taken, 
but  these  threw  no  new  light  on  the  question. 

The  capacity  of  the  plant  was  so  materially  reduced  by  the 
circulating  current  that  the  engineer  was  urged  to  try  again  to  lo- 
cate the  source  of  the  trouble,  but  it  was  only  after  considerable 
persuasion  that  he  was  mduced  to  make  another  trip  to  the  distant 
■city  to  investigate  anew.  Again  taking  up  the  thread  of  investiga- 
tion, and  reflecting  that  an  exchange  current  between  machines 
could  be  caused  only  by  super-imposing  or  combining  two  voltage 
waves  of  unequal  value,  it  was  evident  that  this  was  what  was 
taking  place  here,  but  from  some  cause  as  yet  obscure.  Means  for 
measuring  or  comparing  the  waves  of  the  machines  were  lacking; 
however,  in  the  absence  of  an  oscillograph,  it  was  finally  decided 
to  investigate  in  a  somewhat  crude  manner  the  main  and  side  cir- 
cuits of  each  alternator  separately  by  means  of  an  incandescent 
lamp,  which,  when  connected  while  the  machine  was   run  slowly, 
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would  keep  pace  with  the  aUernations  in  brightening  and  darkening 
with  each  wave  of  vohage.  The  alternations  of  the  machines  were 
readily  followed  and  in  each  case  the  pulsations  on  both  phases 
were  found  to  be  normal.  However,  upon  connecting  to  a  side 
circuit  of  one  of  the  machines,  i.  e.,  to  one  lead  from  each  phase,  a 
peculiar  effect  was  noticed.  Coincident  with  each  revolution  of 
the  armature  the  waves  could  be  seen  to  attain  a  maximum  and 
minimum;  the  intensity  of  the  flashes  ascending  and  descending 
with  each  revolution.  This  indicated  almost  as  clearly  as  an  oscillo- 
graph could  have  done  that  the  e.m.f,  in  this  section  of  the  winding 
rose  and  fell  at  one  particular  place  instead  of  being  constant  as  in 
the  other  machines.  The  reason  for  this  irregularity  could  only 
be  due  to  lack  of  uniformity  in  the  strength  of  the  magnetic  flux 
around  the  armature. 

Investigation  as  to  the  cause  of  the  difiference  in  field  strength 
developed  the  fact  that  the  air-gap  at  the  upper  portion  of  the 
field  was  almost  twice  as  great  as  at  the  lower  part,  and  this 
was  the  cause  of  the  rise  and  fall  of  potential  in  the  side  circuits 
previously  mentioned.  This  effect,  because  of  its  being  super-im- 
posed with  the  voltage  of  the  side  currents  of  the  other  machine 
whose  potential  did  not  vary,  caused  at  every  revolution  a  surging 
back  and  forth  of  current  in  the  lines  paralleling  the  machines, 
which,  however,  at  full  speed  registered  on  the  ammeter  as  a  steady 
current. 

The  remedy  was  obvious.  Steps  were  taken  at  once  to  shim 
up  the  bearings,  in  order  to  raise  the  armature  to  the  center  of  the 
air-gap.  When  this  work  had  been  completed,  both  machines  were 
started  and  paralleled.  That  the  trouble  which  so  long  had  re- 
maijied  a  mystery  had  been  found  and  removed  was  now  apparent, 
for  at  no-load  the  ammeters  did  not  indicate  any  current. 

The  important  fact  brought  out  by  this  experience  was  that 
circulating  current  between  alternators  in  parallel  may  result  from 
an  unbalanced  air-gap  when  the  machines  are  of  the  closed  coil 
type  of  winding. 
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569 — Temperature  and  Rating  of 
Induction  ,  Motors^ — At  what 
temperature  does  the  insulation  of 
an  induction  motor  commence  to 
deteriorate?  The  motor  is  a 
three-phase,  60-cycle,  440-voIt  ma- 
chine. Is  65  degrees  C.  hot  enough 
to  harm  the  insulation?  What  is 
the  difference,  if  any,  in  the  hp 
rating  of  a  30  hp  induction  motor 
which  was  built  by  the  manufac- 
turers as  a  30  hp  open  type  ma- 
chine and  afterwards  used  semi- 
enclosed?  What  load  would  it 
safely   carry  without   overheating? 

J.O.F. 

The  insulation  should  not  be  sub- 
jected to  an  ultimate  temperature  of 
more  than  90  degrees  C.  With  an 
initial  temperature  of  25  degrees  C. 
this  would  represent  a  safe  tempera- 
ture rise  of  65  degrees.  A  30  hp 
motor,  normal  open  rating,  if  oper- 
ated entirely  closed,  would  ordinarily 
be  good  for  about  15  hp  in  continu- 
ous operation.  If  semi-enclosed  the 
rating  would  probably  vary  from  20 
to  25  hp  depending  upon  the  degree 
to  which  its  ventilation  was  reduced. 

M.W.B. 

570 — Application  of  Alternator  to 
Powrer-Factor    Correction — It    is 

desired  to  use  a  spare  150  kw  gen- 
erator as  a  synchronous  motor,  to 
carry  a  load  of  about  100  hp,  and 
at  the  same  time  correct  the 
power-factor  of  the  induction  mo- 
lor  load  which  is  carried  by  a  400 
kw  generator  of  the  same  voltage 
and  frequency.  The  power-factor 
is  about  70  percent  at  present. 
What  changes  would  it  be  neces- 
sary to  make  in  this  alternator  for 
such  an  application,  and  to  what 
extent  would  it  correct  the  power- 
factor?  What  size  and  arrange- 
ment of  motor  would  be  required  to 
start  the  synchronous  motor.  The 
latter  is  rated,  as  a  generator,  at 
S50  volts   no-load,   580  volts   full- 


load    (compounded),   12  poles,  600 
r.p.m.,  150  amperes  per  terminal. 

T.J.B. 

Comprehensive  information  cov- 
ering this  question  will  be  found  in 
the  answers  to  the  following  ques- 
tions and  the  Journ.^l  articles  refer- 
red to  in  connection  therewith :  Nos. 
366,  425,  470  and  481.  If  further  as- 
sistance is  required  in  making  pre- 
liminary calculations  for  this  appli- 
cation additional  information  should 
be  furnished  as  follows :  Give  maxi- 
mum current  which  field  will  carry 
with  a  maximum  rise  of  60  degrees 
C.  Give  short-circuit  curve,  i.  e., 
values  of  field  current  in  amperes 
plotted  against  values  of  armature 
short-circuit  current.  Give  no-load 
saturation  curve,  i.e.,  with  armature 
open-circuited,  plot  values  of  voltage 
obtained  with  varying  excitation 
against  corresponding  values  of  field 
current.  (The  method  of  carrying 
on  these  tests  is  given  in  articles  on 
"Factory  Testing"  referred  to  in  No. 
481.)  Without  this  information  it 
would  only  be  possible  to  approxi- 
mate the  probable  performance  of 
the  150  kw  alternator  under  the  pro- 
posed application.  A  ten-pole  start- 
ing motor  should  be  employed.  If 
the  synchronous  motor  is  to  be 
started  and  synchronized  with  ex- 
ternal load,  the  starting  motor  should 
be  capable  of  developing  about  500 
ft. -lbs.  starting  torque  and  of  carry- 
ing the  no-load  losses  of  the  large 
motor  at  its  synchronous  speed  for 
approximately  ten  minutes.  If  the 
small  motor  is  required  to  start  and 
accelerate  any  line  shafting  or  addi- 
tional machinery  up  to  the  synchro- 
nous speed  of  the  large  motor,  the 
amount  of  additional  starting  torque 
and  power  required  should  be  in- 
cluded. R.A.S.  AND  M.W.B. 

571 — Automatic  Potential  Regu- 
lator Employing  Carbon  Piles — 
The  following  arrangement  is  pro- 
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posed  as  a  means  of  regulating  au- 
tomatically the  potential  of  a  2300 
volt,    single-phase    distributing   cir- 
cuit:    A  booster  transformer   Avill 
be  connected  in  series  on  one  side 
of  the  2300  volt  line,  the  second- 
ary of  this  transformer  being  con- 
nected  at  the   middle  point  of   an 
auto-transformer,     shunted     across 
the    low-tension     (220    volts)     side 
of  the  distributing  circuit,  and  also 
connected    in    series    with   each    of 
two    carbon    piles    by    means    of    a 
common  connection  between  them. 
The    remaining    terminal    of    each 
carbon    pile    will    be    connected    to 
the  220  volt  line,  one  on  either  side 
of    the   line.     A   solenoid-operated 
lever  will  be   provided,  by   means 
of  which  either  of  the  carbon  piles 
may   be   subjected   to   compression, 
thus     increasing    the    conductivity. 
The  solenoids  for  doing  this  work 
will  be  controlled  by  means  of  two 
potential     relays,     the     action     of 
which   will   depend   upon   the   volt- 
age of  the  220  volt  circuit.     In  this 
way   a   boosting   or   bucking    effect 
may    be    obtained    at    the    booster 
transformer,  as  the  conditions  may 
require.     Do  you  consider  that  this 
would  be  a  practical  method  of  ob- 
taining voltage  regulation?     a.a.j. 
Carbon     piles,     particularly     when 
carying   much    current   are    not   reli- 
able   for   constant    resistance.      With 
the      proposed       arrangement      they 
would   dissipate   considerable   energy. 
Assume   the    regulator   to   be   in    the 
neutral   position,   with    full-load   cur- 
rent on  the  line;  then  this  same  cur- 
rent   would,    of    course,    flow    in   the 
primary  of  the  booster  transformer, 
thus  tending  to  cause  current  to  flow 
in    its    secondary   circuit   and    in    the 
two  parts   of  the   resistance   and  the 
two   halves   of   the   auto-transformer 
to  the  220-volt  line.     The  entire  ar- 
rangement  would  be  very   inefficient 
as  it  would  act  as  a  combined  choke 
coil  and  resistance.  e.e.l. 

572— Effect  of  Pitch  Winding— In 

some  induction  motors,  the  wind- 
ing of  the  stator  has  four  coils  in 
series  per  pole,  the  span  of  the  coil 
being  i  and  10  and  sometimes  i 
and  13.  What  difference  does  it 
make  whether  the  coils  of  a  three- 
phase  motor,  for  example,  are 
spanned  i  and  10  or  i  and  13  ?    b.w.o, 


The  effect  of  reduced  span  of  the 
coils  is  the  same  as  a  reduction  in 
the  number  of  turns,  although  the 
effect  is  not  in  direct  proportion.  As 
decreased  primary  turns  on  a  given 
motor  means  higher  torque,  reduced 
power-factor,  increased  magnetizing 
or  no-load  current,  etc.,  a  similar  re- 
sult is  obtained  by  reducing  the  span 
of  the  coils.  This  variation  in  the 
span  gives  a  very  flexible  means  for 
getting  the  equivalent  of  variation  in 
the  number  of  turns,  so  that  by 
changing  the  span  of  the  coil,  differ- 
ent performances  can  be  obtained 
when  using  the  same  number  of 
turns  per  coil,  and  conversely  the 
same  performance  may  be  obtained 
by  using  the  shorter  span  with  an 
increased  number  of  turns.  Further- 
more, in  some  cases,  very  consider- 
able gain  in  end  space  is  effected  by 
shortening  the  span.  This  applies 
particularly  to  machines  with  a  small 
number  of  poles.  Thus,  provided  the 
number  of  slots,  size  of  wire,  num- 
ber of  turns,  and  the  connections  of 
groups  remain  unchanged,  a  motor 
with  a  throw  of  i  and  10  will  have 
greater  available  torque  than  one 
having  a  throw  of  i  and  13.  The 
increase  in  torque,  however,  is  ob- 
tained at  the  expense  of  power-fac- 
tor. For  a  given  performance  the 
throw  of  the  coil  is  determined  by 
the  best  possible  arrangement  of  the 
winding  in  the  slot.  Accordingly,  by 
varying  the  number  of  turns  per  coil, 
the  same  performance  may  be  ap- 
proximated on  different  machines 
having  different  throw  of  coils.  See 
article  on  "Winding  Connections  of 
-Mternating-Current  Machines,"  in 
the  JouRX.\L  for  May,  191 1,  p.  468. 


573 — Reconnection      of      Induction 
Motor  for  Change  of  Speed — In 

a  five  hp,  two-phase,  6o-cycle,  440- 
volt  induction  motor,  with  a  speed 
of  1 800  r.p.m.,  there  were  three 
coils  per  pole,  four  poles  per  phase. 
When  running  with  no-load  the 
motor  took  about  two  amperes  per 
phase.  It  was  re-connected  for 
I  200  r.p.m.,  two  coils  per  pole,  six 
poles  per  phase.  The  required 
speed  was  obtained  but  the  motor 
took  15  amperes  per  phase  when 
running  with  no-load ;  it  was  there- 
fore chang?4  bagk  to  the  original 
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connection.      Please    advise    as    to 
the  cause  of  this  abnormal  current. 

R.  MCK. 

To  maintain  the  same  no-load  cur- 
rent, when  rewinding  for  change  of 
speed,  the  number  of  phases  being 
unchanged,  the  number  of  series 
turns  per  phase  should  be  increased 
or  decreased  in  the  same  ratio  as  the 
number  of  poles.  Assuming  that  all 
the  groups  were  in  series  for  the  440 
volt,  I  800  r.p.m.  connection,  then  to 
give  the  same  no-load  amperes  with 
the  440  volt,  I  200  r.p.m.  connection, 
the  number  of  turns  per  coil  should 
be  increased  by  the  ratio  of  6:4.  It 
should  be  noted  that  decreasing  the 
pole  pitch  (equal  to  the  total  number 
of  slots  divided  by  the  number  of 
poles)  without  a  corresponding  de- 
crease in  the  pitch  of  the  coil  has 
the  same  effect  as  decreasing  the 
pitch  of  the  coil  without  changing 
the  pole  pitch.  In  other  words,  a 
winding  of  125  percent  pitch  has  the 
same  effect  as  a  winding  of  75 
percent  pitch,  and  may  be  considered 
as  a  fractional  pitch  winding.  The 
combined  effect  of  the  fractional 
pitch  feature  just  considered  and  of 
decreasing  the  speed  without  increas- 
ing the  number  of  turns,  will  be  to 
greatly  increase  the  density  of  various 
portions  of  the  magnetic  circuit.  If 
that  portion  of  the  iron  which  is 
most  effected  is  worked  close  to  sat- 
uration for  the  four-pole  connection, 
it  will  be  highly  saturated  with  the 
six-pole  connection.  The  result  of 
these  three  conditions  will  be  to 
greatly  increase  the  no-load  (mag- 
netizing) current  of  the  six-pole 
connection  over  that  of  the  four- 
pole  connection,  and  the  increase 
noted  in  the  question  is  therefore 
what  might  be  expected  with  the 
windings    changed   as   stated   therein. 

W.M.B. 

574 — Secondary  Current  of  Induc- 
tion Motor — Given  a  125  hp, 
three-phase,  30  cycle,  2  000  volt 
constant  speed  motor,  of  the 
,  wound  secondary  slip  ring  type, 
how  may  the  secondary  current 
per  ring  be  obtained.  Please  ex- 
plain the  various  quantities  which 
would  be  used  in  the  formula. 

R.F.H. 

Roughly  speaking,  under  certain 
conditions,  the  secondary  current  per 


phase  is  constant  for  a  given  torque 
irrespective  of  the  speed  of  the  mo- 
tor. Hence  if  the  current  is  calcu- 
lated for  a  given  torque  at  any  speed 
it  holds  for  the  normal  full-load 
speed,  or  for  any  other  speed  within 
the  range  of  the  motor.  Consider, 
then,  the  locked  condition,  with  the 
secondary  short-circuited  through 
the  proper  resistance  to  give  a  torque 
corresponding  to  the  normal  running 
torque.  The  motor  then  becomes  a 
polyphase  transformer  delivering  no 
mechanical  power,  but  electrical  en- 
ergy which  is  absorbed  in  the  exter- 
nal resistance.  The  secondary  cur- 
rent per  phase  is  easily  computed,  by 
knowing  the  open-circuited  second- 
ary voltage  (determined  by  impress- 
ing normal  voltage  on  the  primary 
and  measuring  the  open-circuit  volt- 
age between  secondary  rings  with 
the  rotor  stationary,  and  the  normal 
full-load  slip,  since  the  latter  is  pro- 
portional to  the  secondary  losses  and 
hence  determines  the  efficiency  of 
the  winding.  Assuming  a  four  per- 
cent slip,  which  corresponds  to  a 
secondary  efficiency  of  100 — 4  or  96 
percent,  the  product  of  hp  output 
X  746  =  volt-ampere  output.  This  VA 
output  -=-  sec.  eff.  =  sec.  input.  If 
the  secondary  is  connected  three- 
phase,  its  VA  input-=- (i. 73  X  sec. 
volts)  =  sec.  amperes  per  ring.  If 
the  secondary  is  two-phase,  the  VA 
input  -i-  (2  X  sec.  volts)  =  sec.  am- 
peres per  ring,  in  the  case  of  two- 
phase,  four-wire  circuits,  and  in  the 
outside  wires  of  two-phase,  three- 
wire  circuits ;  for  current  in  the  neu- 
tral of  two-phase,  three-wire  circuits, 
multiply  this  value  by  1.41.         m.w.b. 

575 — Speed  of  Wound  Rotor  In- 
duction Motor  —  A  three-phase 
motor  is  running  at  full  speed  on 
no  load.  With  one  of  the  rotor 
lines  disconnected,  the  speed  re- 
mains unaltered.  Load  is  thrown 
on  and  the  speed  sinks  to  just  half 
synchronous  speed.  Load  is  taken 
off  but  the  speed  instead  of  rising 
to  full  speed  still  remains  at  half 
speed.  c.B.D. 

With  one  secondary  circuit  open 
the  resulting  single-phase  winding 
gives  an  arrangement  of  the  second- 
ary magnetic  circuits  such  that  the 
motor  is  caused  to  operate  at  one- 
half  synchronous  speed.    This  action 
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is  described  in  articles  on  "The 
Polyphase  Induction  Motor,"  and 
"Some  Phenomena  of  Single-Phase 
Magnetic  Fields"  by  Mr.  B.  G. 
Lamme  in  the  Journal  for  Nov.,  'oi, 
p.  599  and  Sept.,  '06,  p.  492.  As 
noted  on  p.  599,  when  operated  thus 
at  half-speed  the  power-factor  and 
efficiency  are  both  low.  Due  to  some 
peculiarity  of  design  some  wound 
secondary  induction  motors  will  ex- 
ert enough  torque  at  standstill  to 
start  without  load  and  reach  syn- 
chronous speed  with  the  secondary 
circuits  open.  This  torque  is  devel- 
oped from  the  eddy  currents  in  the 
iron  and  sometimes  from  the  second- 
ary winding  itself  if  there  are  cir- 
cuits in  parallel  which  are  slightly 
out  of  phase.  The  motor  in  question 
probably  possesses  this  open-circuit 
torque  of  a  sufficient  amount  to  keep 
it  running  without  load  after  having 
been  brought  up  to  speed  and  one 
secondary  having  then  been  opened. 
When  the  load  is  impressed  the 
speed  immediately  falls  on  account 
of  insufficient  torque,  until  the  half- 
synchronous  speed  is  reached,  when 
the  operation  is  as  has  been  outlined 
above.  For  further  information  see 
article  by  Mr.  G.  H.  Garcelon  on 
"Polyphase  Motors  on  Single-Phase 
Circuits"  in  the  Journal  for  Aug., 
1905,  P-   501.  M.W.B. 

576— Adjustment  of  Tirrill  Voltage 
Regulator — Should  a  type  T.  A. 
Tirrill  voltage  regulator  be  ad- 
justed so  that  if  contacts  were  to 
"hug"  together,  the  voltage  would 
rise  to  say  i  500  volts  on  an  i  100 
volt  machine,  or  should  it  be  so 
adjusted  that  at  an  average  high 
load  the  voltage  could  not  gain  to, 
say,  over  1200  volts?  Of  course, 
in  the  latter  case,  if  the  regulator 
failed  to  close,  the  voltage  would 
fall  to  a  point  where  motors  would 
probably  pull  out.  a.g.w. 

The  proper  adjustment  for  field 
rheostats  for  all  Tirrill  regulators,  in- 
cluding type  T.A..  form  A,  should  be 
such  as  to  give  the  maximum  alter- 
nating-current voltage  obtainable 
when  the  relay  contacts  of  the  regu- 
lator are  closed.  This  would  be  done 
by  cutting  out  all  of  the  resistance 
in  the  field  rheostat  of  the  alternat- 
ing-current generator  and  introduc- 
ing sufficient  resistance  in  the  exciter 


field  rheostat  to  cause  the  alternat- 
ing current  voltage  to  drop  from 
normal  to  about  65  percent  below 
normal  in  six  to  eight  seconds.  If 
there  is  not  sufficient  resistance  in 
the  exciter  field  rheostat  to  lower 
the  voltage  as  indicated  a  new  ex- 
citer field  rheostat  of  greater  resist- 
ance should  be  used.  The  operating 
point  of  the  exciter  field  rheostat 
should  be  marked  so  that  it  can  al- 
ways be  readily  set  at  this  point 
when  the  regulator  is  in  service.  The 
adjustment  of  the  exciter  field  rheo- 
stat should  be  made  when  there  is 
no  load  on  the  generator  and,  in 
fact,  no  current  flowing  out  of  the 
station.  Then  the  regulator  should 
be  allowed  to  operate  at  normal  volt- 
age and  the  switch  at  the  bottom  of 
the  regulator  which  puts  it  into  ser- 
vice should  be  open  and  the  time 
taken;  this  adjustment  being  re- 
peated until  a  time  interval  of  six 
or  eight  seconds  is  required  for  the 
voltage  to  fall  from  normal  to  65 
percent  of  normal  value.  If  the  Tir- 
rill regulator  is  properly  adjusted  it 
will  not  fail  to  operate  properly  at 
all  times,  so  that  there  is  no  danger 
of  the  motors  falling  out.  due  to  the 
action  of  the  regulator  if  the  above 
adjustments  are  made.  a.a.t. 

577 — Meter   Equipment  for   Indus- 
trial    Plant — Please     suggest     a 
combination  of  meters  suitable  for 
a  500  kw,  three-phase,  60  cycle,  220 
volt,  manufacturing  plant  where  it 
is    desired    to    obtain    peak    motor 
watts,     unit     costs     per     day     and 
power-factors  of  installations.  The 
motor  capacities   range   from   one- 
half  to  25  hp,  there  being  no  in- 
stallation   of    over   40  kw   capacity 
that  could  not  be  sub-divided,    a.g.w. 
For    carrying    on    these    tests    the 
following   instruments   would   be   re- 
quired :    One  alternating-current  port- 
able volt-meter  with  a  range  of  about 
140  and  280  volts;  three  alternating- 
current  ammeters  of  200  amp.  capac- 
ity; three  alternating-current     porta- 
ble ammeters  of   100  amp.   capacity; 
three  alternating-current  portable  am- 
meters   of    60    amp.    capacity;    three 
lalternating-current  portable  ammeters 
of  20  amp.   capacity;  three  alternat- 
ing-current portable  ammeters  of  ten 
amp.     capacity;     three     alternating- 
current    portable    ammeters    of    five 
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amp.  capacity;  three  alternating-cur- 
rent portable  ammeters  of  two  and 
one-half  amp.  capacity,  three  single- 
phase  or  one  polyphase  portable 
wattmeter,  each  of  the  above  current 
capacities  and  with  suitable  voltage 
windings.  The  most  economical  way 
of  arranging  for  ammeters  and  watt- 
meters of  the  above  capacities  is  to 
have  only  one  set  of  meters  (that  is, 
three  ammeters  and  one  polyphase 
wattmeters)  which  should  each  be 
wound  for  two  current  capacities, 
viz.,  two  and  one-half  and  five  am- 
peres. Use,  in  connection  with  these, 
two  sets  of  portable  current  trans- 
formers. Two  transformers  of  a 
given  capacity  would  be  sufficient 
and  they  should  be  multiple-ratio 
transformers.  One  pair  of  multiple- 
ratio  transformers  would  be  required 
for  the  larger  capacities  and  one  pair 
for  the  smaller  capacities.  The  same 
transformers  would  answer  for  both 
ammeters  and  wattmeters.  In  this 
connection  note  article  on  "Investi- 
gating Manufacturing  Operations 
with  Graphic  Meters,"  by  Mr.  C.  W. 
Drake,  in  the  Journal  for  July,  1910, 

P-    536.  H.B.T. 

578— R  e  V  e  r  s  a  1  of  Wattmeter- 
Would  a  polyphase  integrating 
wattmeter  connected  in  the  stand- 
ard way  on  a  three-phase  circuit 
with  a  load  of  less  than  50  percent 
power-factor  reverse  its  direction 
of  rotation  if  one  side  of  the  line 
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FIG.    578  (a) 


were  broken  at  A,  Fig.  578  (a), 
and  would  it  run  in  the  correct  di- 
rection (faster)  if  B  were  broken? 

A.G.W. 

This  would  depend  on  the  sequence 
of  phases.  A  motor  element  which, 
on  a  leading  power-factor  of  50  per- 
cent or  less,  would  reverse  under  the 
conditions  noted  in  the  question, 
would  rotate  forward  (faster)  if  the 
power-factor  were  50  percent  or  less 
leading.  For  example,  if  the  sequence 
of  phases  is  such  that  the  current  in 


A  lags  behind  the  voltage  across 
phase  AC  at  100  percent  power- 
factor,  the  motor  element  in  this 
phase  will  reverse  at  a  power-factor 
of  50  percent  or  less  lagging  current. 
See  article  on  "Polvphase  Wattmeter 
Connections,"  by  Mr.  M.  H.  Rodda, 
in    the   Journal    for   July,    1909,     p. 

436.  H.B.T. 

579 — Carrying  Capacity  of  Galvan- 
ized Iron  Wire — What  sizes  of 
ordinary  galvanized  iron  wire  will 
carry  currents  of  100,150,  200,  and 
250  amperes,  respectively,  for  20 
seconds  without  heating  beyond  a 
dull  red.  the  coils  being  suspended 
in  air.  It  is  desired  to  build  an 
emergency  resistance  for  use 
in  starting  alternating-current  mo- 
tors. An  outfit  as  light  and  com- 
pact as  possible  is  desired.  The 
starter  will  be  arranged  for  two 
steps  one  for  approximately  50 
percent  of  full-load  torque  and  the 
other  for  about  75  percent.  The 
capacities  of  the  motors  with 
which  this  starter  will  be  used  are 
30  and  60  hp.  R.d.c. 

For  such  short  periods,  radiating 
effect  of  the  starting  resistance  is 
negligible.  Hence,  all  of  the  heat 
generated  must  be  considered  as  ab- 
sorbed in  the  material.  The  follow- 
ing formulas  may  be  used  for  cal- 
culation of  the  required  area  of 
cross-section  for  a  given  current, 
assuming      the      resistance      to      be 

suspended   in    air.     A=G^^„^  V^iVT 

in  which  A  =  cross-section  of  wire, 
C  =  current,  i?  =  resistance  of  one 
cubic  inch  of  the  resistance  material 
(in  the  case  of  iron,  =  0.0000082  at 
200  degrees  F.),  T  =  allowable  tem- 
perature (for  iron,  dull  red  heat 
would  represent  about  i  000  degrees 
F).  //  =  specific  heat  (of  iron  =  o.i2) 
I^=  weight  per  cubic  inch  of  mate- 
rial (iron  equals  0.2779),  f  =  time  in 
seconds  current  is  flowing.  Apply- 
ing this  formula,  it  will  be  found 
that,  for  the  large  currents  involved 
in  the  present  question,  the  size  of 
wire  will  be  very  large.  If  the  wire 
were  imbedded  in  some  material 
which  readily  absorbs  heat,  such  as 
fine,  dry  sand,  the  size  of  wire  could 
be  reduced.  The  proposed  arrange- 
ment will  be  found  to  be  rather 
bulky    at   best.      It    might    be    found 
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that  cast  iron  grids,  such  as  are  used 
in  railway  equipments,  would  be 
more  effective.  They  could  be  im- 
mersed in  water,  as  a  means  of  car- 
rying off  the  heat,  and  thus  a  much 
smaller  size  and  weight  of  material 
be  employed.  It  should  be  noted  that 
at  starting,  the  power-factor  of  an 
induction  motor  is  only  about  50  to 
65  percent,  as  a  result  of  which  a 
series  resistance  connected  in  the  pri- 
mary circuit  does  not  have  an  effect 
in  proportion  to  its  resistance  value. 
The  voltage  drop  in  an  impedance  of 
suitable  value  could,  on  the  _  other 
hand,  have  such  a  phase  relation  as 
to  cut  down  the  applied  voltage  by  a 
maximum  amount.  Calculation  of 
resistances  required  to  give  the  de- 
sired starting  voltage  must  take 
these  facts  into  consideration.  If  the 
resistances  used  in  connection  with 
the  emergency  starter  were  wound 
inductively  they  would  probably  be 
found  to  be  more  effective  in  obtain- 
ing reduction  of  voltage.  The  induc- 
tive effect  of  a  coil  of  wnre  is  of 
course  increased  by  introducing  an 
iron   core.  h.c.n.  and  a.m.d. 

580 — Electric  Heating  Calculations 

— A    value     of     i  503  600    calories 
(heat  units)   is  to  be  used  in  a  cer- 
tain calculation,  the  form  of^  equa- 
tion being,  i  505600  =  0.24  C"  R,  in 
which  C  =  current,  and  R  —  resist- 
ance of  the  heating  coil.     This  be- 
comes   6253333     watts  =      C     R. 
Assuming  values  of  resistance  and 
voltage     of    the     circuit,    then     by 
Ohm's  law  C  would  be  determined. 
The     heat     represented     by     one- 
fourth  of  a  calorie  is  equivalent  to 
that  given  by  one  watt  in  one  sec 
ond,  or  a  flow  of  one  ampere,  un- 
der the  pressure  of  one  volt.  What 
is  the  required  voltage  and  resist- 
ance of  the  circuit?  h.f.g 
The  calculations  for  such  a  prob- 
lem    would    be     made     as     follows : 
Given  the  number  of  heat  units  re- 
quired,    calculate     the     number     of 
watts    equivalent    to    this    value    of 
heat   units.      (As  noted  .in  the  ques- 
tion, 4  watt-seconds  =  i  calorie.)    As 
watts  =  volts  X  amperes,    in    order   to 
calculate  the  required  values  of  am- 
peres  and  resistance,  the  voltage  of 
the    supply    circuit    must    be    given. 
Then,  amperes  =  watts -^- volts ;  from 
which  the  value  of  resistance  may  be 


calculated  by  the  equation,  volts  -=- 
amperes  =  resistance.  Hence,  the  re- 
sistance required  will  depend  on  the 
voltage  chosen.  f.t. 

581 — Design  of  Choke  Coil  s — 

Please  give  formula  for  determin- 
ing the  number  of  turns  required 
in  a  choke  coil,  also  the  relative 
advantages  claimed  for  the  disc 
type  and  spiral  type  of  coil,  a.w.b. 
A  discussion  of  the  amount  of 
choke  coil  inductance  desirable  and 
permissable  is  to  be  found  in  the 
Journal  for  Aug.  10,  p.  608.  A 
formula  for  determining  the  induct- 
ance of  a  choke  coil  is  given  in  a 
foot  note  on  page  615.  For  the  or- 
dinary disc  type  of  coil  with  a  diam- 
eter about  three  times  the  center 
opening  a  coefficient  of  0.7  should  be 
used  with  this  formula.  This  is  an 
empirical  coefficient  obtained  by  test. 
There  is  no  fundamental  advantage 
in  either  the  disc  or  helical  coil.  The 
inductance  of  a  coil  determines  its 
value,  provided  its  insulation  is  sat- 
isfactory. Heavy  inductances  can 
usually  be  obtained  most  readily  in 
the  disc  type,  oil  insulated  form  of 
coil,  but  any  design  by  which  the  in- 
ductance, and  insulation  to  ground 
and  between  turns,  can  be  obtained 
would  be  equally  effective.  r.p.j. 

582 — Capacity  in  Alternating-Cur- 
rent Circuit — In  the  expression 
for  current  in  an  alternating  cur- 
rent   circuit,    we    have   the    follow- 


I  — 


Where  IV  =  2  -  i, 
L  =  inductance,  and 
C  ^  capacity. 
It  is  well  known  that  in  a  circuit 
containing  capacity  it  is  possible  to 
have  a  leading  power- factor,  and 
the  greater  the  capacity  the  greater 
will  be  the  angle  of  lead.  If,  how- 
ever, in  the  above  expression  we 
increase  the  value  of  C,  we  de- 
crease the  value  of  the  last  term 
in  the  parenthesis,  with  the  result 
that  for  very  large  values  of  ca- 
pacity, this  term  would  vanish  and 
the  phase  of  the  current  would  be 
determined  only  by  the  inductance 
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in  the  circuit.  Conversely  if  we 
put  C  equal  to  zero,  then  this  term 
becomes  infinite  and  the  whole  ex- 
pression for  current  reduces  to 
zero.  c.c.w. 

The  above  formula  applies  only  to 
resistance,  inductance  and  capacity 
in  series.  In  that  case  it  is  obvio.is 
that  zero  capacity  means  zero  cur- 
rent and  infinite  capacity  is  equiva- 
lent to  a  short-circuit  of  the  con- 
denser element  altogether  and  its  ef- 
fect vanishes.  If  the  capacity  is  in 
parallel  with  the  inductance  and  re- 
sistance it  is  simplest  to  treat  it  as  a 
separate  circuit  and  find  the  conden- 
ser current  which  may  then  be  vec- 
torially  added  to  the  other  current. 
If  a  transmission  line  and  the  effect 
of  its  capacity,  inductance  and  react- 
ance on  voltage  drop  and  power- 
factor  are  being  considered  it  must 
be  remembered  that  all  of  these  fact- 
ors are  distributed  and  part  of  the 
capacity  is  to  be  considered  as  in 
parallel  and  part  in  series  with  the 
other  elements.  The  equations  for 
this  condition  are  very  complicated 
and  it  is  sufficiently  accurate  for  all 
except  those  requiring  extreme  ac- 
curacy to  consider  the  capacity  as 
concentrated  in  lumps.  One  way  is  to 
assume  it  all  at  the  middle  of  the 
line,  another  to  assume  one-half  at 
each  end  and  a  still  more  accurate 
method  is  to  assume  one-sixth  at 
each  end  and  two-thirds  in  the  cen- 
ter of  the  line.  To  determine  its 
effect  by  the  first  method,  for  exam- 
ple, a  load  must  be  assumed  of  a 
certain  power-factor  at  the  receiving 
end.  This  load  current  will  produce 
an  easily  calculated  drop  in  the  sec- 
ond half  of  the  line.  This  drop  will 
have  a  certain  phase  angle  in  rela- 
tion to  the  current  and  receiving 
voltage  and  should  be  vectorially 
added  to  the  receiving  voltage  to 
give  the  voltage  delivered  to  the  sec- 
ond half  of  the  line  by  the  first  half. 
The  total  capacity  of  the  line  assum- 
ed as  concentrated  at  its  center  may 
then  be  considered  and  the  capacity 
current  calculated  at  the  voltage 
above  determined  at  this  middle 
point.  This  capacity  current  is  then 
to  be  added  vectorially  to  the  previ- 
ous load  current  and  this  new  cur- 
rent value  used  to  calculate  the  drop 
in  the  part  of  the  line  nearest  the 
source  of  power.     This  drop  is  then 


vectorially  added  to  the  voltage  at 
the  center  of  the  line  to  get  the  re- 
quired power  house  voltage.  The 
line  current  will  always  be  greater  at 
the  power  house  than  at  the  load 
end,  but  as  all  leading  current, 
whether  load  current  or  that  due  to 
the  capacity  of  the  line  produces  a 
drop,  the  vectorial  direction  of  which 
tends  to  counteract  inductive  drop, 
the  voltage  of  the  load  and  of  the 
line  may  be  either  higher  or  lower 
than  that  of  the  power  house  end. 
This  will  depend  on  the  power-factor 
of  the  load  itself  and  on  the  capacity 
of  the  line  and  the  frequency  used. 
R.P.J. 

583 — Ammeter    Reading   on   Pulsa- 
ting Direct-Current — If  in  an  al- 
ternating-current circuit  an  infinite 
resistance    (open-circuit)    be   inter- 
posed in  such  a  manner,  as  to  ob- 
literate  the   negative   lobe   in    each 
cycle,  what  will  be  the  significance 
of  the  reading  of  a  direct-current 
ammeter  in  the  circuit?  What  will 
be  its  relation  to  effective,  average 
and  maximum  current  values  ?    h.h. 
The    current    will    be    in    effect    a 
pulsating  direct-current.     If  this  cur- 
rent is  to  be  used  in  connection  with 
batteries    or    other    similar    applica- 
tions   depending    upon    its    chemical 
effect,   where  average  values  instead 
of  square  root  of  mean  square  val- 
ues of  current  are  required,  a  perma- 
nent magnet  type  of  meter  will  give 
directly   a   correct    indication   of  the 
average  value  of  current  flowing,  i.e., 
It    will   measure   the   average   of   the 
instantaneous   values   throughout  the 
cycle  including  the  zero  values  intro- 
duced for  one-half  of  the  cycle.    For 
further  information  refer  to  No.  382 
and  article  mentioned  therein.       p.m. 

584 — Protection  Offered  by  Poly- 
phase Overload  and  Reverse 
Current  Relay — Please  indicate 
by  sketch  a  condition  where  a 
polyphase  overload  and  reverse 
current  relay  operating  from  two 
series  transformers  would  not  give 
complete  protection  on  a  three- 
phase  circuit.  It  seems  that  a 
short-circuit  on  any  phase  would 
cause  at  least  one  coil  of  the  relay 
to  operate.  r.f.h. 

We  understand  that  by  a  polyphase 

relay   is   meant  the  type  constructed 
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with  two  meter  elements  operated  on 
the  same  shaft.  Abnormal  conditions 
such  as  short-circuits,  grounds,  etc., 
disturb  the  phase  relations  quite  vio- 
lently and  very  complex  conditions 
result.  The  short-circuit  current  may 
be  of  very  low  power-factor.  As- 
suming the  case  of  a  load  of  50  per- 
cent power-factor,  for  example,  one 
relay  would  not  actuate  if  it  were 
of  the  ordinary  wattmeter  type,  and 
the  other  phase  would  not  necessarily 
have  sufficient  power  to  close  the 
contacts.  A  short-circuit  across  the 
phase  to  which  the  voltage  coils  of 
any  type  of  overload  and  reverse 
current  relay  are  connected,  would 
have  a  totally  different  effect  than  a 
short-circuit  across  another  pair  of 
wires.  It  is  preferable  to  use  three 
single-phase  relay  elements  with 
their  voltage  coils  star-connected 
rather  than  one  polyphase  relay  of 
the  ordinary  wattmeter  or  differ- 
ential type,  because  of,  first,  the 
greater  flexibility  afforded  and  the 
greater  ease  with  which  repairs  may 
be  made  if  required;  second,  less 
chance  of  failure;  third,  the  phase 
relations  of  the  windings  are  correct 
instead  of  the  currents  being  dis- 
placed 30  degrees  from  the  respect- 
ive voltages  of  the  three  phases  at 
100  percent  power-factor  as  in  the 
case  of  the  connections  necessary  for 
the  polyphase  relays  mentioned,    p.m. 

585— Special  Relay  Protection  and 
Metering  Connections— How  can 

separate  relay  protection  be  obtain- 
ed for  a  four-wire,  two-phase  and  a 
three-wire,  three-phase  circuit  from 

Sourw  Of  Fewer 


FIG.  585  (a) 

the  same  secondaries  of  a  single 
bank  of  two  transformers,  with 
standard  four  and  three-pole  cir- 
cuit breakers  having  two  trip  coils 


each,  so  that  a  short-circuit  or 
ground  on  any  of  the  lines  of 
either  circuit  would  automatically 
trip  the  breakers.  Also,  how  should 
•one  standard  polyphase  wattmeter 
be  connected  on  the  secondary  side 
of  the  transformers  to  get  an  ac- 
citrate  record  of  the  output  of 
both  two-phase  and  three-phase 
circuits.  J.s.J. 

Complete  overload  protection  is 
possible  with  the  method  of  connec- 
tion given  in  Fig.  585  (a),  the  series 
transformers  on  the  three-phase  cir- 
cuit being  Z-connected.  (See  Nos. 
97  and  530.)  The  load  cannot  be 
measured  by  one  wattmeter  on  the 
secondary  side.  Two  meters  are  re- 
quired, one  for  the  two-phase  and 
the  other  for  the  three-phase  power. 
Total  power  can  be  measured  by 
means  of  a  single  polyphase  meter 
connected  on  the  primary  side  of  the 
transformer  bank.  p.m. 

586 — Method     of    Lighting    Forge 
Shop — Please     specify     approxi- 
mate method  of  satisfactorily  light- 
ing a  forge  shop  515  feet  long  by 
100     feet     wide.       What     method 
should  be  employed  for  determin- 
ing the  light  for  general  illumina- 
tion purposes?  a.t.a. 
It  has  been  found  that,  in  general, 
power    in    the    proportion    of    three- 
fourths  to  one  and  one-fourth  watts 
per  square  foot  floor  area  is  required 
for  proper  illumination.     In  the  case 
in  question,  six  rows  by  thirty  of  250 
watt  tungsten  lamps  mounted  18  feet 
above  the   floor,   with   intensive  type 
reflectors,  would  give  good  illumina- 
tion.    Experience  has  shown  that  it 
is    economy    to    provide    proper    and 
sufficient     illumination     for     factory 
employees.     We  believe  that  if  cost 
of  power,  lighting  installation,  inter- 
est    and     depreciation     be     balanced 
against    increased    efficiency    of    the 
shop    when    properly    illuminated,    it 
will  be  found  that  to  economize  on 
light  does  not  pay.     In  fact,  the  dif- 
ference in  cost  of  good  illumination 
and  bad  illumination  is  a  small  frac- 
tion  of   one   percent   of  the  pay-roll. 
It  is,  of  course,  difficult  to  state  just 
how  much  the  efficiency  of  a  man  is 
increased  by  good  illumination  since 
a     personal     element     enters     largely 
into  the  question,  but  it  will  not  be 
hard  to  convince  the  most  skeptical 
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along  this  line  if  an  opportunity  be 
given  to  compare  two  departments, 
one  provided  with,  good  illumination 
and  the  other  with  poor  illumination. 
It  is  advisable  to  provide  sufficient 
general  illumination  and  eliminate, 
as  far  as  possible,  all  local  lighting 
and  drop  lights.  Better  results  are 
obtained  with  lamps  hung  high, 
where  they  will  not  come  within  the 
line  of  vision.  The  tungsten  lamps 
and  focusing  type  reflectors  are  to  be 
recommended.  Placing  the  light 
units  high  will  not  materially  affect 
the  efficiency  of  the  installation  and 
the  general  results  will  be  far  su- 
perior. Note  the  following  articles 
that  have  appeared  in  the  Journal  : 
"Note  on  Factory  Lighting"  and 
"Factory  Lighting  Problems,"  by  C. 
E.  Clewell,  Mar.,  191 1,  p.  278,  and 
June,  191 1,  p.  494,  (also  Ed.  p.  485)  ; 
"The  Problem  of  Efficiency  in  Illum- 
ination," by  Mr.  Arthur  J.  Sweet, 
March,  1909,  p.  156;  "Tungsten  Il- 
lumination," by  Arthur  J.  Sweet,  De- 
cember, 1909,  p.  740;  and  "Reflectors 
for  Incandescent  Lamps,"  by  Thomas 
W.  Rolph,  May,  1910,  p.  341.       c.e.s. 

587 — Grounding  of  Tungsten  Lamp 
Circuit  on  Iron  Poles — It  is  pro- 
posed to  install  in  a  park  a  num- 
ber of  arches  with  tunsten  lamps 
in  series.  The  posts  are  made  of 
two  inch  iron  pipe  with  a  span 
wire  between  them  as  shown  in  Fig. 
587  (a).    One  post  is  set  in  cement 


FIR.  587  (a) 

in  the  stone  and  mortar  base  of  an 
iron  railing  to  which  it  is  clamped 
and  the  other  is  set  in  the  earth. 
The  circuit  wires  can  be  run  on 
only  one  side  as  shown.  The  volt- 
age will  be  either  100  or  200.  It 
is  proposed  to  use  the  span  wire 
for  the  return  of  the  series  of 
lamps  and  not  insulate  it  from  the 
posts.  Would  there  be  any  possi- 
ble danger  of  the  railing  and  posts 


attaining  a  potential  above  ground? 
Would  they  become  dangerous  in 
case  the  wires  of  the  tungsten 
lamp  circuit  were  to  come  into  ac- 
cidental contact  with  a  2  ooo-volt 
primary  circuit  through  falling 
wires  or  breakdown  of  insulation 
between  primary  and  secondary  of 
one  of  the  transformers?  I  believe 
that  as  long  as  the  posts  remained 
thoroughly  grounded  and  the  con- 
nections between  them  and  the 
span  wires  perfect,  it  would  be 
preferable  to  use  the  grounded 
span  wire  for  return,  but  in  case 
the  ground  connection  of  the  poles 
became  impaired  there  would  be 
trouble.  Would  you  advise  insu- 
lating the  return  span  wire  from 
the  posts?  w.c.M. 

We  would  recommend  that  the  re- 
turn span  wire  be  insulated  from  the 
post.  This  is  far  better  practice; 
particularly  so  with  such  low  volt- 
age and  where  it  is  a  comparatively 
easy  matter  to  insert  a  strain  insula- 
tor between  the  post  and  wire,  such, 
for  example,  as  is  used  ordinarily 
for  trolley  circuits.  We  note  that 
there  is  a  possibility  that  the  cement 
base  of  the  post  may  prevent  an  ef- 
fective ground  connection  and  under 
these  conditions  the  proposed  ar- 
rangement would  be  dangerous, 
especially  in  case  the  tungsten  cir- 
cuit were  to  become  crossed  with  a 
higher  voltage  circuit.  c.e.s. 

588 — Automobile   Magneto— Please 

explain  the  theory  of  the  Splitdorf 
or  Remy  magneto  and  the  connec- 
tions thereof  as  used  in  the  auto- 
mobile. G.H.S. 
Both  the  Splitdorf  and  the  Remy 
magnetos  are  primarily  of  the  low- 
tension  type,  but  are  operated  in 
connection  with  a  high-tension  dis- 
tributer. The  former  generates  low- 
tension  alternating-current  in  an 
armature  of  the  "H"  or  Siemens 
type,  this  current  passing  through 
the  magneto  interrupter  to  the  low- 
tension  winding  of  an  ordinary 
"jump-spark"  automobile  induction 
coil,  from  which  the  usual  vibrating 
contact  or  "vibrator"  is  omitted.  One 
end  of  the  high-tension  winding  of 
this  coil  goes  to  ground  and  the 
other  to  a  central  high-tension  term- 
inal on  the  distributer  which  latter 
is  incorporated  with  the  magneto 
and   which   distributes  the  high-ten- 
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sion  impulses  from  the  coil  to  each 
of  the  respective  engine  cylinders  in 
proper  succession.  The  time  of 
sparking  in  each  cylinder  can  be 
varied  as  usual  by  shifting  the  angu- 
lar position  of  one  element  of  ^  the 
interrupter  by  means  of  the  "ad- 
vance" lever  of  the  automobile.  The 
Remy  Magneto  connections  are  iden- 
tical'with  the  above,  but  the  mag- 
neto is  of  the  low-tension  "inductor" 
type,  with  the  winding  stationary. 
For  cross-sectional  views  of  both 
magnetos    see    Antoiiiobile    for    Jan. 

13th,     I9IO.  J.L.A.JR. 

589— Testing  Integrating  Meter  on 
Balanced   Three-Phase    Circuit— 

What  method  is  used  in  testing  the 
accuracy  of  a  five  ampere,  55-volt. 
two-wire  integrating  wattmeter 
used  with  a  "Y"  box  and  two  cur- 
rent transformers  but  tested  with- 
out the  "Y"  box  on  a  three-phase 
balanced,  delta-connected  circuit? 
The  current  transformers  are  lo- 
cated in  the  two  outside  lines  of 
the  circuit.  They  are  of  40  watts 
capacity  and  ratio  40  to  i.  The 
potential  ratio  of  the  transformers 
used  for  the  "Y"  connection  is  60 
to  I.  What  is  the  constant  used  in 
testing?  Please  give  vector  dia- 
gram showing  the  voltages_  and 
currents  in  the  various  circuits? 

W.E.K. 

It  is  assumed  from  the  descripticm 
of  the  meters  that  they  were  pur- 
chased as  five  ampere,  50-volt  meters 
and,  therefore,  that  the  constants 
marked  on  the  disc  give  the  watt- 
hours  per  revolution  when  used 
without  the  transformers.  The 
meters  accordingly  should  be  tested 
on  full-load  at  five  amperes  and  50 
volts,  i.e.,  250  watts,  and  on  light 
load  at  about  ten  watts  or  less,  com- 
paring the  revolutions  of  the_  disc 
with  a  rotating  standard  or  timing 
them  with  a  stop  watch,  in  which 
latter  case  it  would  be  necessary  to 
hold  the  current  exactly  correct 
throughout  the  duration  of  the 
test  by  means  of  a  standard 
instrument  of  precision.  The  power 
measured  by  the  meter  can  now  be 
calculated    by    use    of    the    formula, 

Watts  =.^6oo_xKxR^herei?  =  No. 

of   revolutions.   5  =  No.   of   seconds 
required  to  make  this  number  of  rev- 


olutions. K  =  a.  constant,  and  3  600  = 
No.  of  seconds  in  one  hour.  By 
comparing  the  watts  obtained  by  the 
formula  with  the  actual  watts  meas- 
ured by  the  standard,  the  accuracy 
of  the  meter  may  be  checked.  As  a 
'Y"  box  is  used  with  only  two  series 
transformers  the  readings  of  the  two 
meters  will  give  two-thirds  of  the 
power  transmitted  when  multiplied 
by  the  meter  transformer  constants, 
i.e.,  60:1  and  40:1.  The  phase  rela- 
tions may  be  seen  from  the  vector 
diagram.  Fig.  589  (a),  in  which,  OA 
represents  the  phase  position  of  the 
current  in  line  A  and  therefore  in 
the  series  coil  of  one  meter,  OC  rep- 
resents the  relative  phase  position  of 
the  current  in   line  C  and  therefore 


FIG.  589  (a) 
in  the  series  coil  of  the  second  meter, 
OB  represents  the  relative  phase  po- 
sition of  the  voltage  on  the  trans- 
former connected  across  lines  A  and 
B,  and  OC  that  of  the  voltage  on 
the  transformer  connected  across 
lines  BC.  The  "Y"  box  gives  a  neu- 
tral in  the  secondary  circuits  which 
is  then  represented  by  point  O,  Fig. 
589  (a),  and  OA  will  then  represent 
the  relative  phase  position  of  the 
voltage  on  the  first  meter  and  OC 
the  relative  phase  position  of  the 
voltage  on  the  second  meter,     a.w.c. 

590 — Starting  Air  Compressor  Mo- 
tor— Why   are   the    series   wound 
motors  on  air  compressors  used  in 
air  brake  equipments  started  with- 
out a  rheostat?  c.  h. 
Starting    resistance    is    probably 
omitted   in  order  to  avoid   complica- 
tions.    The  operating   characteristics 
of  motors  of  sizes  within  the  limits 
required   for   the   above   service    (ap- 
proximately  three   to   seven   hp)    are 
such    that  "no    difificulty   is    ordinarily 
experienced  in  obtaining  satisfactory 
operation    by    starting    and    stopping 
the  motor  by  means  of  a  line  switch. 
N.  W.  S. 
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The  annual  convention  of  the  American  Institute  of 
Electrical  Engineers  for  191 1  was  unique  in  more 
than  one  particular.  In  the  first  place  the  attend- 
ance far  exceeded  that  of  any  previous  Institute 
convention.  The  registration  fell  only  a  little  short 
of  one  thousand,  practically  double  the  highest  previous  record. 
However,  this  convention  was  not  noted  for  numbers  alone.  It  also 
established  a  record  to  be  proud  of  in  the  matter  of  solid  informa- 
tion contained  in  the  contributed  papers  and  in  the  activity  and  in- 
terest displayed  in  the  discussions. 

The  chief  interest  undoubtedly  centered  around  the  railway 
and  the  high  tension  transmission  papers.  Mv.  B.  F.  Wood  of  the 
Pennsylvania  Railroad,  contributed  a  paper  of  rare  value  on  behalf 
of  the  railway  committee.  The  definite  record  of  construction  and 
operation  of  an  important  electric  railway  which  is  contained  in  Mr. 
Wood's  paper  is  exactly  the  kind  of  information  that  makes  the 
Transactions  of  the  Institute  more  valuable  for  reference.  Also 
the  submission  of  Mr.  Murray's  paper  for  further  discussion 
brought  forth  some  exceedingly  valuable  contributions  from  well 
known  railroad  men.  Of  special  note  was  the  frank  and  vigorous 
comment  on  the  Chicago  railroad  electrification  situation  by  Mr.  L. 
C.  Fritch,  from  the  railroad  man's  viewpoint. 

Of  no  less  interest  was  the  discussion  centering  around  the 
high  tension  transmission  committee's  program.  One  of  the  in- 
herent disadvantages  of  any  public  discussion  of  high  tension  sub- 
jects when  compared  to  private  conversation  is  that  in  the  former 
case  an  operator  will  never  tell  of  his  troubles  while  he  may  do  so 
in  private  conversation.  Now  it  is  patent  that  the  troubles  of  one 
high  tension  operator  may  be  of  inestimable  value  to  another  opera- 
tor to  the  end  that  they  may  be  avoided.  Mr.  Percy  H.  Thomas, 
the  efficient  chairman  of  the  high  tension  transmission  committee,  is 
to  be  congratulated  in  that,  although  he  has  not  gone  so  far  as  to 
induce  operators  to  tell  all  of  their  troubles  per  se,  he  has  induced 
quite  a  number  of  them  to  tell  the  remedies  for  some  of  the  troubles 
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they  have  experienced  in  the  past.     This  is  an  achievement  and  adds 
much  to  the  value  of  the  Institute  Proceedings. 

Of  the  telephone  meeting  in  Chicago,  it  was  said  that  it  was 
the  largest  meeting  to  discuss  telephones  ever  held  by  the  Institute, 
not  excluding  some  of  the  regular  New  York  meetings  held  for  the 
sole  purpose  of  discussing  telephones. 

A  city  such  as  Chicago  has  some  advantages  as  a  convention 
city  owing  to  the  many  excursions  of  educational  value  to  the 
membership  that  may  be  arranged  during  the  convention  period. 
The  visit  to  the  Western  Electric  Works,  as  well  as  the  large  power 
stations  of  the  Commonwealth  Edison  Company  were  not  only  en- 
joyable but  instructive  to  the  membership.  However,  in  such  ex- 
cursions the  matter  of  numbers,  which  is  of  advantage  so  far  as 
discussions  and  enthusiasm  are  concerned,  may  become  a  distinct 
disadvantage.  The  trip  to  Gary  was  an  illustration  of  this  wherein 
the  large  number  of  visitors  prevented  the  close  inspection  of 
machinery  and  other  apparatus,  which  is  really  essential  in  order  to 
make  a  trip  of  this  kind  of  the  instructive  value  which  really  be- 
longs to  it. 

Another  development  in  connection  with  this  convention  is  the 
getting  together  of  the  section  delegates  and  the  consequent  closer 
knitting  together  of  various  geographical  sections  which  have  be- 
come so  prominent  a  part  of  the  Institute  in  recent  years.  It  is 
significant  of  progress  when  the  representatives  of  the  various  sec- 
tions can  get  together  in  harmonious  conference  such  as  the  last 
convention  witnessed.  All  told,  the  convention  was  one  of  which 
Retiring  President  Jackson  should  justly  be  proud. 

P.  M.  Lincoln 


With  the  broadening  of  the  activities  of  the  large 
Graduate       electrical   manufacturing  companies   has   come  the 
Student        need  of  specialization  in  all  departments.    Salesmen 
Courses        no  longer  cover  a  company's  whole  line  of  product 
but  handle  only  one  class  of  apparatus,  the  same  is 
true  of  the  works  force  and  of  the  designers.     In  the  article  on 
"Adapting  Technical  Graduates  to  the  Industries,"  Messrs.   Scott 
and  Dooley  tell  how  this  specialization  is  combined  with  a  more 
general  training  in  a  shop  course  for  young  graduate  engineers.    In- 
stead of  the  "sink  or  swim"  system  of  many  years  ago,  under  which 
only  the  best  men  obtained  much  benefit,  the  present  method  gives  a 
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thorough  training  to  a  large  number  of  men,  and  both  selects  and 
fits  them  for  the  work  for  which  they  are  individually  best  suited. 
Thus  in  the  end,  considered  both  from  the  standpoint  of  the  com- 
pany and  that  of  the  young  engineer,  the  present  day  course  does 
the  most  good  for  the  greatest  number. 

It  is  noteworthy  that  while  the  Westinghouse  Company  has  for 
more  than  twenty  years  continuously  maintained  a  course  where 
young  graduate  engineers  are  trained,  and  while  radical  changes 
have  been  made  in  the  course  from  time  to  time,  there  has  never 
been  a  time  when  the  management  has  even  contemplated  doing 
away  with  the  students'  course.  On  the  one  hand,  the  company  has 
found  that  it  is  always  in  need  of  "graduate  students"  to  fill  posi- 
tions in  the  engineering,  works,  erecting,  and  commercial  depart- 
ments. On  the  other  hand,  the  young  engineers  are  given  a  thor- 
ough, practical  training  which  makes  them  better  men  for  the  com- 
pany or  other  interests  with  which  they  may  later  elect  to  work. 

H.  D.  Shute 


The  outputs  which  may  be  secured  by  the  various 
AIternating=    types  of  alternating-current  armature  windings  and 
Current        methods  of  connection  are  outlined  in  a  comprehen- 
Qenerator      sive  manner  by  Mr.  Lamme,  in  this  issue  of  the 
Capacities      Journal.  Beginning  with  an  elementary  sketch  of  a 
ring  winding  he  explains  in  an  easy  step-by-step 
method  the  results  secured  by  the  different  combinations  and  their 
relative  advantages.     The  average  electrical  operating  man  under- 
stands in  a  general  way  that  there  are  certain  limitations  to  the 
output  of  generators  which  determine  their  capacities.     Some  of 
these  ideas  are  based  on  actual  observation  and  others  are  more  or 
less  distinct  recollections  of  having  read  statements  regarding  par- 
ticular cases.     Numerous  textbooks  give  certain  data  showing  the 
variation  in  capacities  of  machines  with  different  types  of  windings. 
Many  of  these  comparisons  are  quite  general  and  apply  to  machines 
of  older  types. 

The  introduction  of  turbine-driven  generators,  however,  has  so 
revolutionized  the  mechanical  arrangement  of  the  component  parts 
of  alternators  that  statements,  which  applied  to  older  machines  of 
the  rotating  armature  type,  no  longer  hold  true.  In  these  older  and 
smaller  machines  the  armature  winding  was  distributed  over  the 
core  so  that  the  various  coils  were  comparatively  close  together.    In 
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large  turbo-generators  one  coil  may  be  so  far  separated  from  its 
neighbors  that  it  could  be  roasted  out  by  an  over-load  without  caus- 
ing undue  heating  of  the  adjacent  coils.  For  this  reason,  while  it 
was  formerly  sufficient  to  consider  only  the  total  copper  loss  as  lim- 
iting the  current  in  the  windings,  it  is  now  necessary  to  rate  genera- 
tors so  that  the  current  in  any  one  coil  will  not  cause  a  temperature 
in  excess  of  the  maximum  allowable.  Thus  when  using  a  modern 
three-phase  winding  to  deliver  single-phase  current  it  is  not  safe  to 
assume  that  the  total  copper  loss  is  an  indication  of  the  allowable 
output. 

It  is  quite  commonly  assumed  that  the  ratio  of  single-phase  to 
three-phase  armature  capacities  is  71  percent,  but,  even  in  those  cases 
in  which  this  value  is  correct,  it  is  on  the  basis  of  equal  total  copper 
loss.  On  modern  machines,  however,  the  correct  ratio  is  more  often 
about  58  percent  on  the  basis  of  maximum  current  in  any  armature 
conductor. 

The  true  star  three-phase  winding  is  the  one  almost  universally 
used  for  modern  alternating-current  generators,  although  the  wind- 
ings are  occasionally  connected  in  delta  in  order  to  secure  desired 
voltages.  However,  the  possibility  of  circulating  currents  in  wind- 
ings of  this  type  limits  the  use  of  delta  connections  to  special  cases. 
Even  for  single-phase  railway  service,  three-phase  generators  are 
used  as  there  is  almost  always  a  certain  amount  of  power  delivered 
three-phase,  and  in  addition  the  extra  phase  provides  an  emergency 
winding  at  little  additional  expense. 

Two-phase  generators  were  formerly  much  more  common  than 
at  present.  As  they  are  now  rarely  built,  the  younger  generation 
wonders  why  they  were  ever  introduced.  Mr.  Lamme  explains  by 
stating  that  in  the  earlier  days  the  single-phase  rating  was  of  prime 
importance  and  that  by  the  use  of  a  two-phase  winding  a  high  single- 
phase  capacity  could  be  secured  to  supply  two  separate  single-phase 
circuits  which  did  not  interfere  with  each  other  as  was  the  case  in  a 
Y-connected  machine.  He  also  shows  that  by  making  certain  special 
connections  to  a  three-phase  winding  unusually  high  single-phase 
ratings  may  be  secured,  but  that  they  are  of  no  particular  value  as 
the  windings  to  which  they  apply  are  seldom  used. 

Since  the  capacity  of  a  generator  operating  six-phase  is  greater 
than  for  three-phase  the  natural  question  is,  "Why  not  use  a  large 
number  of  phases  and  get  still  better  results?"  Even  with  a  very 
large  number  of  phases  the  increase  in  rating  amounts  only  to  a  little 
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over  four  percent,  so  that  the  increased  compHcation  incident  to  a 
multiplicity  of  phases  is  decidedly  not  worth  while. 

The  whole  article  is  enlightening  by  virtue  of  the  clear  and 
complete  statements  of  the  various  possible  combinations  and  as 
showing  the  engineering  reasons  which  have  led  to  the  general  use 
of  certain  windings  to  the  exclusion  of  other  types.  It  also  brings 
out  the  fact  that  there  are  often  opposing  advantages  which  may 
lead  to  the  rejection  of  a  certain  winding  for  one  purpose  whereas 
it  may  be  permissible  for  other  applications.        A.  H.  McIntire 


Apropos  of  the  relation  of  pure  science  to  its  indus- 

Application  of    trial  application,  the  following  remarks  by  Dr.  S. 

Pure  Science    W.   Stratton,  Director  of  the  National  Bureau  of 

in  Industries   Standards,  in  a  recent  talk  relative  to  the  work  of 

the  Bureau,  is  of  interest : — • 

"My  training  happened  to  be  along  the  lines  of  mechanical 
engineering  and  later  I  became  interested  in  physics.  One  of  the 
things  that  impressed  me  most  in  my  work  in  physics  was  the 
inertia,  if  I  may  call  it  such,  of  the  application  of  pure  science  in 
our  industries,  the  time  that  elapsed  between  the  discovery  of  a 
principle  and  its  application.  I  was  continually  brought  in  touch 
with  facts  that  might  be  used  to  advantage  in  the  different  kinds  of 
manufacturing  with  which  I  was  reasonably  familiar.  When  the 
opportunity  came  to  take  charge  of  and  organize  the  Bureau  of 
Standards,  I  saw  at  once  the  means  for  bringing  about  better  con- 
ditions in  this  respect  by  making  the  Bureau  a  sort  of  clearing- 
house for  certain  kinds  of  scientific  konwledge — a  place  where 
those  engaged  in  the  industries  could  go  for  the  latest  data  regard- 
ing the  properties  of  materials,  the  best  methods  of  measurement 
and  standards.  The  Bureau  of  Standards  has  come  to  be  such  an 
institution." 

The  Bureau  should  be  a  very  potent  factor  in  hastening  the 
application  of  new  discoveries  and  inventions,  possessing  as  it  does 
a  splendid  equipment  in  apparatus  and  trained  men  capable  of 
determining  the  limitations  and  means  of  measurement  of  new 
phenomena,  in  a  manner  not  possible  with  the  more  limited  equip- 
ment of  the  average  commercial  institution. 

The  considerable  time  which  may  elapse  between  the  discovery 
of  a  principle  and  its  application  finds  an  example  in  the  dynamo. 
This  year  marks  the  fiftieth  anniversary  of  the  construction  by 
Pacinotti  of  the  first  commercial  type  of  dynamo.     Twenty  years 
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elapsed  before  the  originality  and  merits  of  the  invention  were  pub- 
licly recognized.  An  armature  with  symmetrically  grouped  coils 
connected  to  the  bars  of  a  commutator  was  re-invented  by  Gramme 
and  given  to  the  industrial  world  in  1870.  The  invention  which  lay 
dormant  for  so  many  years  is  the  basis  for  the  modern  electrical 
machinery  which  has  made  electricity  useful  for  lighting  and  power. 

The  inertia  in  applying  scientific  discoveries  and  inventions  is 
often  due  not  only  to  lack  of  knowledge  of  just  what  they  are  and 
what  they  involve,  but  also  to  the  difficulty  in  perfecting  a  new  de- 
vice and  in  making  a  proper  and  efficient  application.  Invention 
must  often  be  followed  by  painstaking  and  costly  experimental  de- 
velopment before  a  useful  appliance  results.  Sometimes  its  useful 
application  requires  modification  of  the  things  to  which  it  relates  or 
charges  in  methods  which  are  difficult  to  bring  about. 

The  effort  necessary  to  embody  discoveries  or  ideas  in  prac- 
tical form  is  also  followed  by  somewhat  similar  difficulties  in  secur- 
ing the  adoption  and  general  use  of  new  things.  These  difficulties 
are: — first,  a  lack  of  information  as  to  just  what  the  new  thing  is; 
and  second,  the  problem  of  adaptation  to  existing  conditions,  or  a 
modification  of  these  conditions  which  will  enable  the  new  device  to 
be  efficiently  used. 

The  mere  invention  of  a  new  and  cheap  method  of  making 
aluminum  had  to  be  followed  by  the  development  of  processes  for 
manufacture  on  a  large  scale.  When  the  metal  was  available  on  the 
market,  its  characteristics  had  to  be  made  known  and  its  adaptation 
to  various  uses  had  to  be  made  by  methods  different  from  those 
common  with  other  metals.  It  had  a  field  of  its  own  which  had  to  be 
developed. 

The  invention  of  the  Tesla  motor  did  not  immediately  supply 
alternating-current  power  service.  Not  only  did  the  motor  require 
experimental  development  but  the  high  frequency,  single-phase  cir- 
cuits which  were  then  commercial,  were  unsuited  to  the  polyphase 
motor.  Even  when  generator,  circuits  and  motors  were  ready  for 
service,  there  remained  the  education  of  the  public  as  to  what  the 
motor  could  do,  and  the  needed  changes  in  industrial  methods  which 
are  required  or  which  may  bring  improved  operation  when  motors 
are  used. 

The  discovery  of  metallic  tungsten  and  the  determination  of  its 
properties  did  not  make  a  lamp.  Great  difficulties  in  the  develop- 
ment of  a  process  of  making  a  filament  had  to  be  overcome  and  new 
methods  of  lamp  making  had  to  be  worked  out.     New  methods  of 
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applying  lamps,  new  reflecting  devices,  and  new  methods  of  illumi- 
nation were  all  nivolved,  together  with  the  education  of  experts  and 
of  common  people  in  the  new  system,  before  the  new  lamp  could 
be  generally  and  efficient  applied. 

There  is  necessarily  a  long  and  tedious  road  between  the  scien- 
tific discovery  and  its  general  application  and  use,  yet  there  never 
has  been  a  time  when  scientific  discoveries  were  so  quickly  applied 
and  when  new  appliances  and  methods  were  so  readily  adopted  as 
they  are  being  at  present.  This  is  due,  in  a  large  nieasure,  to  the 
increased  facilities  for  the  interchange  of  information  and  the 
spreading  of  general  knowledge.  In  the  electrical  field  the  education 
of  the  public  is  one  of  the  most  important  factors  in  the  larger  and 
more  general  use  of  electricity.  The  manufacturers  of  apparatus 
and  the  central  station  interests  are  recognizing  this  and  broadening 
their  policies.  A  public  service  corporation  has  a  larger  service  to 
perform  than  the  mere  readiness  to  serve  those  who  apply  for  elec- 
tric power.  It  should  serve  the  community  by  showing  the  benefits 
and  advantages  which  electricity  can  supply.  Both  on  the  narrower 
commercial  ground  of  self-interest  and  upon  the  broader  basis  of 
the  advancement  of  the  public  welfare,  it  is  the  function  of  those 
who  supply  apparatus  and  electricity  to  educate  the  public  in  its  use. 

All  the  steps  from  the  initial  discovery  to  the  ultimate  utiliza- 
tion involve  the  application  of  scientific  and  engineering  principles. 
This  application  is  being  made  by  men  who  understand  these  prin- 
ciples and  who  have  the  facility  for  applying  and  using  them.  The 
demand  for  such  men  is  constantly  increasing.  Even  in  the  com- 
mercial field  the  installation  of  electric  lamps  and  of  electric 
motors,  which  a  few  years  ago  received  no  particular  consideration, 
is  now  directed  in  a  scientific  way  by  illuminating  engineers  and 
application  engineers  with  the  gratifying  results  which  usually  fol- 
low the  intelligent  application  of  scientific  principles  to  common 
things.  To  overcome  the  inertia  in  the  application  of  pure  science 
in  the  industries  and  in  the  adoption  of  new  devices  in  general 
service  requires  men  well  grounded  in  science,  trained  in  its  appli- 
cation and  endowed  with  a  goodly  measure  of  level  headed  common- 
sense.  It  is  this  larger  demand  which  is  consuming  the  output  of 
our  technical  schools  and,  in  turn,  the  influence  of  these  men  is 
accelerating  the  development  and  adoption  of  the  new  appliances 
and  new  methods  which  are  such  an  increasingly  important  factor 
in  our  transportation,  our  industries  and  our  daily  life. 

Chas.  F.  Scott 


COMPARATIVE  CAPACITIES  OF  ALTERNATORS 

FOR  POLYPHASE  AND  SINGLE-PHASE  CURRENTS 

B.  G.  LAMME 

THERE  are  a  number  of  popular  misconceptions  regarding  the 
relative  polyphase  and  single-phase  capacities  which  can  be 
obtained  from  a  given  winding.  For  instance,  there  ap- 
pears to  be  a  half -formed  opinion  that  a  given  winding  connected 
for  two-phase  service  will  give  a  slightly  less  output  than  when  con- 
nected for  three-phase ;  but,  on  the  other  hand,  it  seems  to  be  gener- 
ally assumed  that  the  various  three-phase  windings  all  give  the  same 
rating. 

Also,  it  is  a  widespread  idea  that  when  any  polyphase  machine 
carries  a  single-phase  load  the  permissible  rating,  with  the  same  tem- 
perature, is  approximately  71  percent  of  the  polyphase  rating. 
While  there  are  a  few  cases  where  this  may  be  true,  yet,  in  general, 
it  is  far  from  being  the  fact.  This  fallacy  regarding  single-phase 
ratings  arose  partly  from  early  practice  with  polyphase  machines, 
which  were  often  designed  to  carry  single-phase  load  almost  exclu- 
sively, the  polyphase  load  being  a  possible  future  development.  In 
consequence,  the  type  of  armature  winding  chosen  was,  in  many 
cases,  that  which  gave  a  high  single-phase  output,  with  some  sacri- 
fice in  the  polyphase  rating,  and  the  single-phase  rating  in  many 
cases  was  a  relatively  large  percent  of  the  polyphase  rating  simply 
because  the  polyphase  rating  was  less  than  could  have  been  obtained 
with  a  different  type  of  winding. 

The  71  (or  70.71)  percent  ratio  of  single-phase  to  polyphase 
ratings  in  a  given  armature  arose  partly  from  the  fact  that  at  these 
relative  loads  the  total  armature  losses  were  practically  equal.  On 
machines  of  old  design  in  many  cases  it  could  safely  be  assumed  that 
with  equal  armature  losses  the  temperature  of  the  armature  parts 
would  be  practically  equal.  This  assumption  does  not  hold,  in  gen- 
eral, on  machines  of  modern  design  in  which  each  individual  part  is 
proportioned  for  a  specified  result.  The  distribution  of  the  arma- 
ture losses  is  just  as  important  as  the  total  losses.  If  the  tempera- 
ture drop  between  the  inside  of  the  armature  coil  and  the  armature 
core  is  small  compared  with  the  temperature  drop  from  the  core  to 
the  air,  then  the  temperature  of  the  armature,  or  its  rating,  will 
depend  largely  upon  its  total  losses,  equal  ventilation  being  as- 
sumed in  all  such  comparisons.     If,  however,  the  temperature  drop 
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from  the  coil  to  the  iron,  or  from  the  inside  of  the  coil  to  the  out- 
side, is  relatively  high,  then  the  temperature  limit  may  be  fixed  by 
the  loss  in  an  individual  coil  rather  than  by  the  total  loss.  This  is 
particularly  the  case  in  high  voltage  machines  where  there  is  a  con- 
siderable amount  of  insulation  over  the  individual  armature  coils. 
Also,  in  many  of  the  machines  of  later  design  (especially  turbo- 
generators) each  armature  coil  is  practically  separated  from  all 
other  coils,  so  that  one  coil  can  have  but  little  direct  influence  on  the 
temperature  of  neighboring  coils.  In  such  an  armature  it  is  possible 
to  completely  roast  out  an  individual  coil  or  group  of  coils  without 
seriously  heating  other  coils  or  groups  of  coils.  It  is  obvious  that 
in  such  a  machine  the  loss  in  the  individual  coils  is  what  fixes  the 
rating  of  the  machine,  and  not  the  armature  loss  as  a  whole.  It  is 
evident,  therefore,  that  when  a  polyphase  machine,  with  such  a 
winding,  is  loaded  single  phase,  the  maximum  current  which  can  be 
carried  in  any  single  coil  must  be  the  same  for  either  polyphase  or 
single-phase  rating.  As  this  type  of  winding  is  used  in  the  major- 
ity of  large  capacity  machines  of  the  present  day,  the  following 
comparison  will  show  the  relative  rating  of  such  machines  on  poly- 
phase and  single-phase  loading.  Three-phase  ratings  will  be  consid- 
ered first,  because  the  great  majority  of  modern  machines  are 
wound  for  three  phase. 

THREE-PHASE    WINDINGS 

All  the  various  types  of  commercial  three-phase  windings  with 
their  current  and  voltage  relations  can  be  derived  in  a  very  simple 
manner  from  the  consideration  of  a  ring  armature  with  its  windings 
arranged  in  six  symmetrical  groups,  each  covering  60  degrees  of  the 
ring,  which  may  all  be  closed  together  to  form  the  ordinary  closed 
winding,  or  which  may  be  separated  into  either  three  or  six  groups 
and  connected  to  form  various  delta  and  star  types  of  windings. 

Let  Fig.  I  represent  such  a  ring  armature  closed  on  itself  and 
with  six  taps  brought  out,  designated  as  A,  a,  B,  b,  C,  c. 

By  connecting  together  the  points  Aa,  aB,  Bh,  etc.,  as  shown  in 
Fig.  2,  a  six-sided  figure  is  obtained,  which  represents  the  various 
voltage  and  phase  relations  which  can  be  obtained  with  all  commer- 
cial three-phase  (and  six-phase)  windings.  It  will  be  noted  that  Aa 
and  hC  are  of  equal  length  and  are  parallel  in  direction.  The 
length  represents  e.m.f.  and  the  direction  represents  phase  relation. 
Therefore,  these  two  groups  are  of  equal  e.m.f.'s  and  of  the  same 
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phase.  The  same  holds  true  of  aB  and  Cc,  and  of  Bh  and  cA. 
These  groups  have  also  been  numbered  consecutively  from  i  to  6,  in 
Fig.  3,  so  that  a  given  group  can  be  identified  by  number.     This 


FIG.    I  FIG.    2  FIG.    3 

figure  is  the  same  as  Fig.  2  with  three  leads  carried  out  from  A,  B 
and  C,  to  form  the  three  terminals  of  a  three-phase  winding.  The 
dotted  lines  from  A  to  B,  B  to  C,  and  C  to  A  represent  the  voltage 
and  phase  relations  obtained  from  this  combination.  This  is  a  closed 
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coil  winding  and  is  the  standard  arrangement  of  winding  on  a  three- 
phase  rotary  converter. 

By  opening  the  closed  arrangement  of  Fig.  2  at  the  points  A,  B 
and  C,  as  shown  in  Fig.  4,  an  open  coil  arrangement  is  obtained  and 
the  three  parts  resulting  can  be  recombined  in  several  ways,  keeping 


X^ 


FIG.  7 


FIG.    9 


the  same  voltage  and  phase  relations  of  the  individual  parts.  How- 
ever, only  one  of  these  combinations,  that  shown  in  Fig.  5,  has  been 
used  to  any  extent.  This  is  one  form  of  star  winding  which  is 
sometimes  used  to  give  certain  voltage  combinations,  as  will  be  ex- 
plained later. 
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By  splitting  Fig.  2  at  six  points  instead  of  three,  as  shown  in 
Fig.  6,  various  other  open  coil  combinations  of  windings  can  be 
obtained  while  keeping  each  group  or  leg  in  its  proper  phase  and 
voltage  relations.  One  of  these  combinations  is  shown  in  Fig.  7,  in 
which  the  groups  which  are  similar  in  e.m.f.  and  phase  are  con- 
nected in  parallel  and  the  three  resulting  combinations  are  con- 
nected to  form  a  delta  winding.  In  Fig.  8  the  two  groups  of  similar 
phase  are  shown  in  series  instead  of  parallel  and  connected  to  form 
a  delta.  Obviously  Figs.  7  and  8  are  equivalent,  except  that  the 
terminal  e.m.f.  of  one  is  double  that  of  the  other.  By  reconnecting 
the  three  components  of  Fig.  7  in  the  manner  shown  in  Fig.  9,  a  par- 
allel-star winding  is  obtained.  Two  arrangements  are  shown,  one 
with  all  the  groups  connected  together  at  the  middle  point,  and  the 
other  with  the  two  stars  not  connected  at  the  middle.  Fig.  10  is 
equivalent  to  Fig.  9,  except  that  the  two  e.m.f.'s  of  equal  phase  are 
in  series  instead  of  in  parallel,  thus  giving  just  twice  the  voltage  of 
Fig.  9. 

SIX-PHASE  WINDINGS  ' 

The  foregoing  covers  all  of  the  usual  combinations  for  three- 
phase  windings,  open  and  closed  coil  types.  The  same  general 
scheme  may  be  used  to  illustrate  the  six-phase  combinations  of 
windings  which  are  frequently  used  in  connection  with  rotary  con- 
verters. In  Fig.  3,  a  three-phase  winding  is  shown  with  terminals  at 
A,  B  and  C.  If  three  other  terminals  be  formed  by  a,  b  and  c,  a 
second  three-phase  winding  is  obtained.  The  dotted  lines  in  Fig.  1 1 
illustrate  the  voltage  and  phase  relations  of  these  two  windings. 
This  is  the  so-called  double  delta  arrangement,  the  dotted  lines  rep- 
resenting the  voltage  and  phase  relations  of  the  transformers  which 
supply  the  rotary  converters.  It  is  evident  that  the  voltage  repre- 
sented by  ac  is  equal  in  value  and  phase  to  that  represented  by  BC. 
Therefore,  one  transformer  with  two  secondaries  of  equal  value 
could  be  tapped  across  these  two  circuits.  Similar  statements  can 
be  applied  to  the  relations  of  the  other  phases  in  this  diagram.  In 
Fig.  2  it  is  evident  that,  if  six  terminals  are  used,  a  voltage  can  be 
obtained  across  Ab,  aC  and  Be.  These  three  voltages  are  equal  in 
value  but  have  the  60-degree  relation  to  each  other.  It  is  evident, 
therefore,  that  these  transformers  connected  to  a  three-phase  circuit 
can  have  their  secondaries  connected  to  this  winding  across  the  indi- 
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cated  points.  This  arrangement  is  indicated  in  Fig.  12,  and  is  the 
so-called  diametral  connection  of  six-phase  rotaries.  The  middle 
points  of  the  transformer  winding  from  these  three  circuits  can  be 
connected  together,  if  desired. 

RELATIVE  E.M.F.   OBTAINED  FROM   THE  FOREGOING  COMBINATIONS 

From  an  inspection  of  the  above  diagrams,  and  the  application 
of  but  very  little  mathematics,  all  the  e.m.f.  relations  of  these 
various  combinations  can  readily  be  obtained.  In  the  following 
comparisons  the  magnetic  field  is  assumed  to  be  of  such  distribution 
that  the  e.m.f.  waves  will  be  of  sine  shape,  as  this  greatly  simplifies 
the  various  relations. 

Let  E  represent  the  efifective  e.m.f.  of  any  one  of  the  six  groups 
in  Fig.  2.  Then,  combining  the  various  groups  geometrically,  taking 
into  account  the  angular  relations,  the  various  e.m.f/s  can  readily 
be  derived.     The  results  are  as  follows : — In  Fig.  3,  the  e.m.f.  across 
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AB,  BC,  etc.,  =  V3  X  E=  1.732  E.  In  Fig.  5  the  e.m.f.  Ad  is 
the  same  as  AB  in  Fig.  3  and  is  therefore  equal  to  V3  X  E,  but 
the  e.m.f.  AB  in  Fig.  5  is  equal  to  V3  X  Ad.  Therefore,  the 
e.m.f.  of  y^B=  V^3X  V3^X  E  =  3E.  In  Fig.  7,  AB  is  evi- 
dently equal  to  one  group  or  side  of  Fig.  2  and  there- 
fore the  e.m.f.  of  AB  1^  E.  In  the  same  way  the  e.m.f. 
of  Fig.  8  =  2E.  In  Fig.  9  the  e.m.f.  Ad  is  evidently  equal  to 
E  and  the  e.m.f.  ^B  =  V3  X  e.m.f.  of  Ad.  Therefore  the  e.m.f. 
of  ^5  =  V3  X  E=  1.732  E,  or  same  as  Fig.  3.  In  the  same 
way  the  e.m.f.  of  AB  in  Fig.  10  =  2  V3  E  =  3.464  E.  For  the 
six-phase  combinations  the  following  e.m.f. 's  are  obtained:  In  Fig. 
II  each  of  the  deltas  is  the  same  as  in  Fig.  3  and  therefore  the 
e.m.f. 's  are  the  same  and  are  equal  to  1.732  E.  In  Fig.  12,  Ah  is 
geometrically  equal  to  twice  aB  and  the  e.m.f.  Ah  is  therefore  equal 
to  2E. 
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THREE-PHASE    CAPACITIES 

It  might  be  assumed  from  casual  inspection  that  all  of  the  dif- 
ferent three-phase  and  six-phase  combinations  would  give  the  same 
capacities  when  carrying  the  same  limiting  current  per  armature  coil. 
This,  however,  is  not  correct,  as  will  be  shown  by  the  following:— 

Let  A  equal  the  limiting  current  which  can  be  carried  by  one 
coil  or  by  one  group  of  windings.  This  is  not  necessarily  the  cur- 
rent per  terminal,  but  it  is  the  current  permissible  in  an  individual 
coil  without  exceeding  a  certain  prescribed  temperature.  Then  the 
following  ratings  are  obtainable  with  the  above  combinations  of 
windings: — In  Fig.  3  the  rating  =  3A  X  V3  X  E  =  5-196  AE.  In 
Fig.  5  the  current  per  coil  and  per  terminal  =  A.  The  rating  be- 
comes A  X  V3  X  3E  =  5.196  AE.  Therefore,  the  three-phase 
ratings  of  the  windings  in  Figs.  3  and  5  are  equal.  In  Fig.  7  the 
current  in  each  phase  of  the  delta  is  2A,  as  there  are  two  groups  in 
parallel,  each  carrying  current  A.  As  the  e.m.f.  across  terminals  is 
E,  the  rating  becomes  3  X  2A  X  E  =  6  AE.  In  Fig.  8  the  current 
per  side  of  the  delta  is  equal  to  A  and  the  e.m.f.  is  2E.  The  capacity 
therefore  becomes  the  same  as  for  Fig.  7  or  =  6  AE.  In  Fig.  9  the 
current  per.  terminal  is  2A  as  there  are  two  groups  in  parallel  for 
each  terminal.  The  e.m.f.  across  the  terminals  is  V3  X  E.  The 
capacity  is  therefore  2A  V3  X  V3  E=6  AE.  The  rating  of 
Fig.  10  is  also  6  AE,  the  same  as  9. 

In  Figs.  II  and  12  the  ratings  can  be  determined  by  direct  in- 
spection from  the  following  method  of  considering  the  problem. 

In  a  closed  coil  polyphase  machine,  such  as  shown  in  Fig.  11, 
one  circuit  can  be  taken  off  from  A  and  a,  a  second  circuit  from  a 
and  B,  etc.,  and  the  total  number  of  circuits  which  can  be  taken  off 
corresponds  to  the  number  of  armature  taps.  Each  circuit  can  be 
considered  as  having  its  own  rating.  Therefore,  the  effective  volt- 
age of  each  of  such  circuits  times  the  current  per  circuit,  times  the 
number  of  circuits,  equals  the  rating.  In  Figs.  11  and  12  six  cir- 
cuits can  be  taken  off,  each  with  voltage  E,  and  carrying  current  A. 
The  rating  therefore  becomes  6  AE.  The  same  method  could  be 
applied  to  any  other  number  of  phases  from  closed  coil  windings. 

It  is  evident  from  the  foregoing  that  the  same  rating  cannot  be 
obtained  from  the  armature  winding  with  all  methods  of  connection. 
In  those  three-phase  arrangements  in  which  two  groups  of  similar 
phase  relations  arc  thrown  in  series  or  parallel,  the  highest  output  is 
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obtained.  In  those  cases  where  two  e.m.f.'s  out  of  phase  with  each 
other  are  combined  to  form  one  phase  of  the  three-phase  circuit,  the 
resuUant  e.m.f.  is  at  once  reduced  by  such  co:nbinations  and  the 
capacity  of  the  machine  is  therefore  reduced,  simply  because  the 
most  effective  use  of  the  windings  is  not  obtained.  The  three- 
phase  closed  coil  winding  is  therefore  not  as  effective  as  the  true 
delta  or  star  type  of  winding.  For  this  reason  the  closed  coil  wind- 
ing is  used  only  in  those  cases  where  some  condition  other  than  the 
current  capacity  itself  is  of  greater  importance.  Otherwise,  delta 
and  star  windings  are  always  used,  the  star  being  preferred,  as  it 
gives  a  higher  voltage  with  a  given  number  of  conductors,  or  a 
smaller  number  of  conductors  for  a  given  voltage,  and  is  therefore 
somewhat  more  effective  in  the  a'v.ount  of  copper  which  can  be 
gotten  into  a  given  space. 

SINGLE-PHASE   CAPACITIES. 

Any  three-phase  machine  with  one  of  the  above  windings  can 
be  used  to  carry  single-phase  load  by  using  two  of  the  three  termi- 
nals. The  single-phase  e.m.f.'s  obtained  will  therefore  be  the  same, 
in  each  case,  as  the  three-phase.  The  current  capacity  per  coil,  or 
group,  on  single  phase  can  be  no  greater  than  on  three  phase.  On 
this  basis,  therefore,  the  following  single-phase  ratings  are  obtained 
with  the  above  combinations : — A  and  B,  Fig.  3,  as  the  single-phase 
terminals,  with  the  limiting  current  A  per  coil,  the  windings  t  and  2, 
will  carry  current  A,  and  5,  4,  5  and  6  will  carry  o.^A.  The  total 
current  at  the  terminals  will  therefore  be  1.5 A,  and  the  e.m.f.  per 
terminal  will  be  V3  E.  The  single-phase  rating  then  becomes 
1.5  A  X  V3  £  =  2.598  AE.  The  corresponding  three-phase 
rating  is  5.196  AE.  The  single-phase  rating  is  theretore  just  50 
percent  of  the  three-phase  for  this  combination.  In  Fig.  5,  the  cur- 
rent per  phase  is  A,  while  the  e.m.f.  is  3E.  The  single-phase  rating 
therefore  becomes  3  AE.  The  corresponding  polyphase  rating  is 
5.196  AE.  The  single-phase  rating  is  therefore  57.7  percent  of  the 
polyphase  rating.  In  Fig.  7  the  total  current  in  two  groups  is  2A, 
while  in  the  other  four  groups  of  the  delta  the  total  current  is  A. 
The  total  current  at  the  terminals  therefore  becomes  3A.  The 
e.m.f.  is  E  and  therefore  the  single-phase  rating  becomes  3  AE.  The 
corresponding  three-phase  rating  is  6  AE.  The  single-phase  rating 
is  therefore  50  percent  of  the  polyphase  for  a  true  delta  winding. 
The  same  holds  true  for  Fig.  8.  In  Fig.  9  the  current  per  group  is 
A  and  with  two  groups  in  parallel  the  current  per  terminal  is  2A. 
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The  e.m.f.  across  the  terminals  is  V3  E.  The  single-phase  rating 
therefore  becomes  2A  X  V3  E  or  3.464  AE.  The  three-phase 
rating  for  the  same  combination  is  6AE.  The  single-phase  rating 
therefore  becomes  57.7  percent  of  the  three-phase  when  a  true  star 
winding  is  used.     Fig.  10  gives  the  same  results  as  Fig.  9. 

It  may  be  noted  that  in  the  three-phase  star  arrangement  two 
groups  are  carrying  all  of  the  current,  while  the  third  is  idle  and 
could  be  omitted.  This  means  that  the  active  winding  covers  two- 
thirds  of  the  armature  surface,  while  an  idle  space  of  one-third  the 
surface  lies  in  the  middle  of  the  winding.  In  the  delta  winding  one 
group,  covering  one-third  the  surface,  is  directly  in  phase  with  the 
single-phase  e.m.f.  and  is  therefore  in  its  most  effective  position. 
The  other  two  carry  current  also,  but  are  relatively  ineffective,  as 
the  e.m.f. 's  generated  are  displaced  60  degrees  in  phase  from  the 
single-phase  e.m.f.  delivered.  With  the  delta  arrangement,  there- 
fore, two-thirds  of  the  winding  acts  in  an  ineffective  manner  and 
one-third  is  very  effective.  In  the  star  arrangement,  two-thirds  of 
the  winding  is  almost  in  phase  with  the  terminal  e.m.f.  (being  86.6 
percent  effective)  while  one  group  is  entirely  idle.  The  star  ar- 
rangement is  thus  about  15  percent  more  effective  than  the  delta 
arrangement. 

The  single-phase  rating  which  can  be  obtained  from  the  two 
six-phase  combinations,  shown  in  Figs.  11  and  12,  should  also  be 
considered.  In  either  of  these  cases,  if  two  opposite  terminals,  such 
as  Ah,  be  taken  as  the  single-phase  terminals,  then  the  e.m.f.  will  be 
2E.  As  each  half  of  the  winding  can  carry  the  current  A,  the  total 
current  which  can  be  handled  is  2A.  The  single-phase  rating, 
therefore  becomes  4AE.  The  corresponding  polyphase  rating  is 
6AE.  The  single-phase  rating  is  therefore  66.7  percent  of  the 
polyphase,  or  is  higher  than  in  any  of  the  other  three-phase  com- 
binations shown.  While  this  combination  gives  the  highest  single- 
phase  and  polyphase  ratings,  yet  if  three  phase  is  used  on  the  trans- 
mission circuit,  transformers  must  be  interposed. 

The  high  single-phase  rating  obtained  in  this  case  is  due  to  the 
fact  that  the  arrangement  is  equivalent  to  the  star  arrangement  with 
the  idle  phase  added,  as  illustrated  in  Fig.  13.  The  addition  of  this 
extra  phase  increases  the  terminal  e.m.f.  in  the  ratio  of  100:  86.6, 
while  the  current  per  terminal  remains  the  same.  This  arrange- 
ment, when  used  for  both  single-phase  and  three-phase,  implies  the 
use   of   a    closed   coil   type   of   winding  which,   as   shown    before, 
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cannot  give  the  maximum  three-phase  rating  unless  six  termi- 
nals are  used. 

It  should  be  noted  that  the  three  groups  shown  in  Fig.  13  have 
the  same  phase  relations  as  a  delta  winding  when  used  on  single- 
phase  ;  that  is,  one  of  the  three  groups  is  in  phase  with  the  terminal 
voltage,  while  the  other  two  have  a  60  degree  relation.  However, 
these  two  groups  carry  the  full  current  A;  while  in  the  delta  ar- 
rangement they  carry  one-half  current.  Therefore,  although  the 
voltage  relations  are  the  same,  the  current  relations  are  quite  dif- 
ferent; which  accounts  for  the  increased  capacity  with  the  groups 
connected  as  in  Fig.  13  or  Fig.  12. 

Fig.  13,  like  Fig.  12,  is  equivalent  to  covering  the  entire  arma- 
ture surface  with  copper  which  is  equally  active  in  carrying  current 
when  the  machine  is  operated  single-phase.  However,  compared 
with  the  three-phase  star  arrangement  where  two  groups  only  are 
active,  it  may  be  seen  that  the  voltage  and  the  output  have  been 
increased  in  the  ratio  of  100:86.6,  or  about  15  percent,  by  the  addi- 
tion of  33  percent  in  copper,  and  33  percent  in  total  armature  cop- 
per loss.  It  is  evident,  therefore,  that  the  addition  of  a  third  group 
when  operating  single-phase  does  not  give  results  in  proportion  to 
the  material  used. 

COMPARISON    OF   SINGLE-PHASE    AND    THREE-PHASE    RATINGS    ON    THE 
BASIS  OF  EQUAL  TOTAL  ARMATURE  COPPER  LOSS 

All  the  foregoing  comparisons  have  been  on  the  basis  of  equal 
losses  in  a  given  coil  or  group ;  but  it  has  been  shown  that  with 
some  of  the  windings,  when  operated  on  single-phase,  the  currents 
are  not  divided  equally.  In  such  cases  the  total  copper  loss  in  the 
windings  must  be  less  than  where  the  current  is  divided  equally.  In 
the  following  comparisons  the  total  copper  losses  for  three-phase 
and  single-phase  are  given,  and  the  possible  increase  in  single-phase 
rating  for  the  same  total  copper  loss  is  indicated. 

In  Fig.  3,  for  three-phase,  6An-^the  armature  copper  loss, 
where  r  =  the  resistance  of  one  group  and  A  =  the  limiting  cur- 
rent per  group.      For  single-phase  T^^'^  X  4r  +  A-  X  2R  =  3A-r  = 

total  armature  copper  loss.  The  three-phase  loss  is  therefore  twice  the 
single-phase  on  the  basis  of  equal  limiting  current.  For  equal  total 
loss  the  single-phase  current  could  therefore  be  increased  as  the 
V2,  since  the  loss  varies  as  the  square  of  the  current.     As'  the 
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former  single-phase  output  was  50  percent  of  the  three-phase,  then 
for  equal  losses  the  single-phase  output  becomes  50  X  V^  =  70.7 
percent  of  the  corresponding  polyphase  rating. 

In  Fig.  5,  the  three-phase  loss  =  6A-r.  The  single-phase  loss 
with  the  same  limiting  current  =  4A=r,  as  there  are  but  four  groups 
in  circuit  instead  of  six,  each  group  carrying  the  same  current  as 
when  operating  three-phase.  The  three-phase  loss  is  thus  1.5  the 
single-phase,  and  for  equal  losses  the  single-phase  current  can  be  in- 
creased in  the  ratio  of  Vi-5-  The  former  single-phase  rating 
was  57.7  percent.  This,  therefore,  can  be  increased  to 
57.7  X  Vi-5  ^  70-7  percent  of  the  corresponding  three-phase 
rating. 

In  Figs.  7  and  8,  the  three-phase  loss  =  6A-r.  The  single- 
phase  loss  =  3A-r,  as  determined  by  direct  inspection  of  currents 
and  resistance.  For  equal  losses,  therefore,  the  single-phase  current 
can  be  increased  as  the  \/2.  The  output  then  becomes 
5oXV2  =  70.7  percent  of  the  corresponding  three-phase 
rating. 

In  Figs.  9  and  10,  the  three-phase  loss  =  6A-r.  Single-phase 
loss  =  4A-r.  The  single-phase  output  =  57.7  percent  and  for 
equal  loss  this  can  be  increased  in  the  ratio  of  Vi-5-  The  output 
then  becomes  70.7  percent  of  the  corresponding  three-phase  output. 

In  Fig.  12,  the  six-phase  loss  =  6A-r.  The  single-phase 
loss  =  6A-r,  as  all  the  groups  carry  equal  currents  and  all  are  in 
circuit.  Therefore  the  single-phase  current  cannot  be  further  in- 
creased and  the  single-phase  output  remains  at  66.7  percent  of  the 
six-phase  output  (or  three-phase  beyond  the  transformers). 

From  the  above  it  would  appear  that  for  single-phase  operation 
most  of  the  above  windings  would  give,  for  equal  armature  copper 
loss,  70.7  percent  of  the  three-phase  rating.  However,  it  should  be 
taken  into  account  that  the  three-phase  ratings  are  not  all  equal  on 
the  basis  of  equal  copper  loss.  In  Figs.  3  and  5,  for  instance,  the 
three-phase  rating  is  equal  to  5.196  AE,  or  86.6  percent  of  the 
three-phase  rating  of  6  AE  with  the  arrangement  shown  in  Figs.  7, 
8,  9  and  10.  The  single-phase  ratings  of  Figs.  3  and  5,  therefore, 
are  70.7  percent  of  86.6  percent,  or  61.2  percent  of  the  best  three- 
phase  rating  which  can  be  obtained.  Therefore,  on  the  basis  of 
6AE  being  the  best  three-phase  output,  then  with  equal  copper  loss, 
the  arrangements  in  Figs.  3  and  5  give  61.2  X  6AE  =:  3.792AE  as 
the  single-phase  rating  with  equal  copper  loss,  while  Figs.  7,  8,  9 
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and  10  give  4.243AE  as  the  single-phase  ratings  with  equal  copper 
loss,  and  Fig.  12  gives  4AE  as  the  single-phase  rating  with  the  same 
copper  loss.  Therefore,  the  arrangements  in  Figs.  7,  8,  9  and  10 
are  better  than  any  of  the  others  for  single-phase  rating,  if  total 
copper  loss  is  the  limit  rather  than  the  loss  in  an  individual  coil  or 
group. 

However,  if  total  copper  loss  is  the  limit,  then  there  is  still  a 
difference  between  the  true  delta  and  star  windings.  With  the  delta 
winding  the  current  A  is  increased'41  percent  (V2A)  which  means 
that  one  of  the  groups  will  have  double  the  copper  loss  which  it  has 
on  three-phase,  while  with  the  star  winding  the  current  A  will  be 
increased  slightly  over  22  percent  (V  i-5  A)  which  means  that  two 
groups  of  the  winding  will  have  their  copper  losses  increased  50 
percent.  With  the  star  arrangement,  even  with  the  same  copper 
loss,  the  coils  are  not  worked  so  hard  on  single  phase  as  with  the 
delta  arrangement. 

The  above  relationships  are  summarized  in  Table  I. 

TWO-PHASE   WINDINGS 

The  two-phase  windings  may  be  analyzed  in  a  manner  similar 
to  the  preceding.  Assuming  a  ring,  as  in  Fig.  14,  with  four  taps 
brought  out  90  degrees  apart  and  assuming  that  this  winding  is  the 
same  as  that  in  Fig.  i,  then  the  following  e.m.f.'s  and  capacities  are 
obtained : — 

Fig.  15  represents  a  closed  coil  two-phase  winding  correspond- 
ing to  the  three-phase  winding  in  Fig.  3.  Calling  E^  the  e.m.f.  of 
each  group,  the  e.m.f.'s  AC  and  BD  =  \/2  X,  F.^.  By  opening 
Fig.  15  at  two  opposite  points,  as  in  Fig.  16,  the  two  parts  may  be 
rearranged  to  give  Fig.  17.  This  is  an  interconnected  open  coil  two- 
phase  winding;  that  is,  the  central  points  are  connected  together  so 
that  there  are  fixed  e.m.f.  relations  between  all  four  terminals.  The 
e.m.f.  Ad  is  equal  to  Ej,  and  the  e.m.f.  across  AB,  BC,  etc. 
^  V2  El,  while  the  e.m.f.  across  AC  and  BD  =  2^^-^.  By  split- 
ting the  winding  in  Fig.  16  at  four  points,  the  arrangement  shown 
in  Figs.  18  and  19  are  obtained.  These  two  windings  are  equiva- 
lent, except  that  in  Fig.  18  the  two  groups  which  are  in  phase  are 
connected  in  parallel,  while  in  Fig.  19  they  are  series.  If  the  middle 
points  in  Fig.  19  are  connected  together  the  arrangement  becomes 
equivalent  to  Fig.  17.     In  Fig.  18,  e.m.f.'s  AC  and  BD  are  equal  to 
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Ej,  while  there  is  no  fixed  e.in.f.  relation  between  AB,  BC,  etc.  In 
Fig.  19  the  e.m.f  .'s  AC  and  BD  are  equal  to  2E1  and  there  is  no  fixed 
relation  between  AB,  BC,  etc. 

In  Figs.  20  and  21  the  usual  two-phase  three-wire  arrange- 
ment is  shown.  In  Fig.  20  AB  ^=E^  and  AC  =^2y^JL^.  In 
Fig.  21  ^5  =  2E,  and  AC  =  2X  V^  Ei. 

Capacities  of  Two-Phase  Windings — Let  A  equal  the  current 
per  coil,  this  current  being  the  same  as  for  the  three-phase  winding. 


FIG.    15 


FIG.    16 


Then,  for  all  of  the  commonly  used  windings  shown  in  Figs.  15,  17, 
18,  19,  20  and  21,  the  capacity  equals  4AE1. 

COMPARISON  OF  TWO-PHASE  WITH  THREE-PHASE  CAPACITIES 


As  the  same  winding  has  been  assumed  for  both  two-phase  and 
three-phase,  it  is  of  interest  to  compare  their  ratings.  Comparing  E 
and  El  in  Fig.  22,  it  may  be  seen  that  Ei  =  \/2XE.  There- 
fore, the  two-phase  capacities  given  above,  when  put  in  terms  of 


FIG.  17 


FIG.  18 


FIG.    19 


three-phase  e.m.f. 's  become,  in  all  cases,  4A  X  V^  X  E^  5.656 
AE.  As  already  indicated,  the  three-phase  closed  coil  capacity 
=  5.196  AE;  the  closed  coil  six-phase  capacity  ^ 6  AE ;  the  open 
coil  (star  or  delta)  three-phase  capacity  =  6  AE.  Therefore,  the 
three-phase  closed  coil  arrangement  gives  the  least  output,  while  the 
two-phase,  (which  is,  in  reality,  four-phase  with  a  closed  coil  wind- 
ing) gives  somewhat  better  results  and  the  six-phase  closed  coil 
gives  still  better  results. 
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SINGLE-PHASE    RATING    FROM    TWO-PHASE    WINDING 

Two  of  the  terminals  of  the  two-phase  windings  may  be  used 
for  single-phase.  Assuming  the  same  current  A  per  coil  as  in  two- 
phase  or  three-phase,  then  the  single-phase  capacity  becomes, — in 
Fig.  15  =  2A  X  V2E,  =  2.828  AE^;  in  Fig.  i7=rAX2E,= 
2  AEi ;  in  Figs.  18  and  19  =  2  AE^ ;  in  Figs.  20  and  21  =  2.828  AE^. 

Comparing  the  best  single-phase  obtained  from  the  two-phase 
with  the  best  single-phase  from  the  three-phase  windings,  then 
2.828  EiA  =  4  AE,  or  the  same  as  obtained  from  the  six-phase 
closed  coil  winding. 

Comparing  the  three-phase  closed  coil  winding  with  the  two- 
phase  closed  coil  winding  for  both  polyphase  and  single-phase 
ratings,  the  following  is  obtained  on  the  basis  of  same  loss  per 
coil : — 


FIG.  20 


FIG.   21 


FIG.   22 


The  3-phase  closed  coil  winding  gives  3-phase  rating  of  S-^o6  AE 
"     3      "        "             "  "  "    single  "         "         "  2.598  AE  . 

"     2      "        "  "  "  "      2         "         "^        "  5-656  AE 

"     2      "         "  "  "  "     single  "         "         "  4  AE 

It  is,  therefore,  apparent  that  with  the  closed  coil  winding  the 
two-phase  arrangement  (or  four-phase  in  reality)  gives  higher  out- 
puts, for  both  polyphase  and  single-phase,  than  the  three-phase 
closed  coil  arrangement. 

It  may  be  of  interest  to  note  that  in  some  of  the  earlier  poly- 
phase machines,  when  the  single-phase  rating  of  a  polyphase  gener- 
ator was  frequently  of  more  importance  than  the  polyphase  rating, 
the  closed  coil  two-phase  winding  was  generally  used.  One  reason 
for  the  selection  of  this  type  of  winding  was  the  high  single-phase 
rating  which  could  be  obtained  without  undue  sacrifice  in  the  poly- 
phase rating. 
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SPECIAL    CONNECTIONS    FOR    SINGLE-PHASE 

All  of  the  preceding  comparisons  have  had  to  do  with  symmet- 
rical arrangement  of  windings.  However,  by  putting  on  one  or 
more  additional  connections,  which  are  used  for  single-phase  opera- 
tion purely,  the  windings  can  sometimes  be  made  to  give  larger 
single-phase  ratings  than  where  the  straight  polyphase  connections 
are  used  for  single-phase  operation.  Two  such  arrangements  are 
shown  below : — 

It  is  shown  in  Fig.  12  that  by  taking  off  single-phase  current  at 
Ab,  a  high  single-phase  rating  can  be  obtained.  For  supplying 
three-phase  circuits,  however,  it  was  stated  that  transformers  would 
have  to  be  interposed  to  transform  from  six-phase  to  three-phase. 
However,  by  using  A  and  b  as  the  single-phase  terminals  and  using 
A,  B  and  C  as  three-phase  terminals,  thus  having  four  terminals 
total  on  the  winding,  as  shown  in  Fig.  23,  the  machine  can  supply 


FIG.   23 


FIG.   25 


three-phase  directly  to  the  circuit  and  can  also  deliver  single-phase 
with  the  best  utilization  of  winding.  In  this  case  the  three-phase 
rating  equals  5.196  AE  and  the  single-phase  bating  equals  4  AE. 
The  single-phase  thus  becomes  approximately  yy  percent  of  the 
polyphase.  This  high  relative  rating,  however,  is  due  to  the  fact 
that  the  three-phase  rating  is  only  86.6  percent  of  the  maximum 
three-phase  which  could  be  obtained. 

In  a  similar  manner,  with  the  delta  winding  shown  in  Fig.  8,  an 
improved  single-phase  rating  can  be  obtained  by  putting  an  addi- 
tional terminal  at  the  middle  of  one  of  the  phases,  as  shown  in  Fig. 
24.  Single-phase  is  then  taken  off  at  A  and  b,  while  A,  B  and  C  are 
the  three-phase  terminals.  In  this  case  two  of  the  delta  groups  are 
nearly  in  phase  with  the  single-phase,  while  the  third  is  practically 
idle  as  far  as  voltage  is  concerned,  although  it  carries  the  full  curr 
rent.  If  the  e.m.f.  of  AB  is  2E,  then  the  e.m.f.  of  Ab  is  V3E. 
The  total  single-phase  current  is  2A.  Therefore,  the  single-phase 
rating  becomes  3.464  AE.     The  single-phase  rating  in  this  case  is 
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therefore  57.7  percent  of  the  three-phase,  instead  of  50  percent 
where  the  single-phase  was  taken  off  at  the  terminals  AB.  The 
above  two  arrangements  are  therefore  more  effective  than  the  usual 
single-phase  from  the  same  types  of  windings.  However,  as  will 
be  shown  later,  the  true  delta  and  the  closed  coil  three-phase  wind- 
ings are  seldom  used  on  alternating-current  generators  and  there- 
fore the  above  special  arrangements  are  of  no  particular  commercial 
advantage. 

COMPARISON    OF    ALTERNATING    AND    DIRECT-CURRENT    RATINGS    FROM 
SAME    ARMATURE    WINDING 

If  direct  current  be  taken  from  the  same  winding  the  limiting 
direct  current  per  coil  should  be  the  same  as  the  effective  (or  square 
root  of  the  mean  square)  current  when  delivering  alternating  cur- 
rent. This  is  the  value  A  used  in  the  preceding  comparisons.  The 
direct-current  e.m.f.  is  taken  off  from  two  opposite  points  of  the 
armature.  This  e.m.f.  therefore  corresponds  to  the  two  opposite 
terminals  of  either  the  two-phase  closed  coil  or  six-phase  closed  coil 
winding  shown  in  the  preceding  diagrams.  The  direct-current 
e.m.f.  will  be  equal  to  the  maximum  or  peak  value  of  the  alter- 
nating-current e.m.f.  taken  off  from  these  two  points.  This  will  be 
V2  times  the  effective  value  used  in  the  preceding  comparison. 
For  the  six-phase  diametral  arrangement,  it  was  shown  that  the 
effective  alternating-current  e.m.f.  =  2E.  Therefore  the  peak  value 
or  direct-current  e.m.f.  will  be  equal  to  \/2  X  2E.  As  the  lim- 
iting current  is  A,  and  as  there  are  two  direct-current  branches,  the 
total  direct  current  will  be  2A.  The  direct-current  output  therefore 
becomes  4  X  V2  AE  =  5.656  AE. 

The  following  interesting  comparisons  can  therefore  be  made  : — 


Direct-Current  capacity 

=5.656  AE 

i-Phase  closed  coil  capacity, 

=4  AE 

=70.7   percent  of  D.C. 

3-Phase             "     " 

=5.192  AE 

=91.8 

2  '•    (4-phase)"     " 

=5.656  AE 

=100             "         "       " 

6  "                     "     " 

=r6  AE 

=  106.1         "         "       " 

3  "                 open "         " 

=6  AE 

=106.1         "         "       " 

From  the  above  it  appears  that  the  two-phase  closed  coil  (and 
two-phase  open  coil)  capacity  is  equal  to  the  direct-current  capacity 
from  the  same  armature  winding.  The  three-phase  closed  coil  is 
less  than  the  direct  current,  while  the  six-phase  is  greater  than  the 
direct  current.  The  three-phase  true  star  or  delta  winding  and  the 
six-phase  closed  coil  winding  are  all  slightly  more  effective  than 
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when  the  same  winding  is  used  for  direct-current. 

The  question  may  be  raised  whether  still  higher  ratings  could 
not  be  obtained  from  a  given  winding  by  taking  off  more  phases. 
An  examination  will  show  that  higher  ratings  can  be  obtained  with 
the  number  of  phases  increased,  with  the  closed  coil  winding ;  but  it 
can  also  be  shown  that  the  possible  increase  over  the  six-phase  ar- 
rangement is  very  small.  An  easy  way  of  comparing  the  ratings  of 
closed  coil  windings,  with  different  numbers  of  phases,  is  to  com- 
pare the  number  of  circuits  which  can  be  taken  off  between  adjacent 
taps  or  terminals  all  around  the  winding.  This  is  equivalent  to 
comparing  the  perimeters  of  the  polygonal  figures  shown  in  the 
diagrams  for  the  various  closed  coil  combinations  and  is  illustrated 
in  Figs.  25,  26,  27  and  28.  In  Fig.  25,  calling  one  side  E,  then  the 
perimeter  ^6  E.  In  Fig.  26  the  perimeter  is  4  V^  E  =  5.656  E.  In 
Fig.  27  the  perimeter  =  3  X  V3E  =  5.196  E.  In  Fig.  28,  which 
represents  single-phase,  the  two  sides  of  the  polygon  coincide,  mak- 
ing a  straight  line.     Therefore,  double  the  length  of  this  line  should 


FIG.   26  FIG.   27  FIG.   28 

represent  the  perimeter,  which  =  4E.  A  comparison  of  these 
values  shows  that  they  are  exactly  in  proportion  to  the  alternating- 
current  capacities  given  above. 

It  is  evident  that  the  greater  the  number  of  phases  obtained 
from  the  closed  coil  winding,  the  more  nearly  the  perimeter  of  the 
polygon  approaches  the  circumference  of  the  circle.  With  an  infi- 
nite number  of  phases  a  true  circle  would  be  obtained  and  in  this 
case  the  perimeter  becomes  27rE  =  6.283  E.  Therefore,  the  maxi- 
mum possible  polyphase  rating  is  6.283-^6=  1.047,  or  4-7  percent 
greater  than  the  six-phase  closed  coil  rating  or  the  true  star  and 
delta  rating.  Also,  the  greatest  possible  polyphase  rating  is  greater 
than  the  direct-current  rating  in  the  proportion  of  6.283:5.656,  or 
approximately  11  percent. 

FIELD    HEATING 

In  the  above  comparisons  of  the  relative  ratings  of  the  three- 
phase,  two-phase  and  single-phase  windings,  the  armature  copper 
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losses  only  have  been  taken  into  account;  but  if  the  problem  is  to 
be  considered  in  its  completeness,  other  armature  conditions  and  the 
field  conditions  must  also  be  taken  into  account.  A  comparison  of 
the  three-phase  and  two-phase  ratings  shows  that  they  are  usually 
so  close  together  that  the  field  conditions  would  probably  not  exert 
a  controlling  influence  on  the  relative  capacities.  In  general,  it  may 
be  taken  that  those  combinations  of  polyphase  windings  which  give 
lower  ratings  at  the  same  time  give  lower  armature  reactions. 

In  comparing  single-phase  with  polyphase  ratings,  however,  the 
field  conditions,  both  as  regards  the  field  winding  and  field  core, 
must  be  taken  into  account.  The  armature  reaction  of  the  single- 
phase  winding  is  pulsating  and  tends  to  produce  magnetic  disturb- 
ances in  the  field  poles  or  core  which  may  result  in  very  consider- 
able iron  losses,  both  eddy  and  hysteretic.  In  general,  these  dis- 
turbances are  relatively  much  greater  on  larger  capacity  machines, 
so  that  provision  must  be  made  on  such  machines  for  suppressing  or 
avoiding  the  efifects  of  the  armature  reaction.  This  can  be  accom- 
plished to  some  extent,  by  completely  laminating  the  field  poles. 
Another  method  which  has  been  used  on  very  large  machines  is  the 
employment  of  heavy  cage  dampers  in  the  pole  faces.  These  dampers 
must  have  current  capacity  such  that  when  developing  ampere-turns 
sufficient  to  completely  neutralize  the  armature  pulsations,  the  heat- 
ing effect  in  the  damper  winding,  due  to  the  current  in  it,  is  rela- 
tively low. 

Field  copper  heating,  in  most  cases,  is  not  a  controlling  condi- 
tion, owing  to  the  fact  that  the  single-phase  rating,  defined  by  the 
armature  heating,  as  indicated  above,  is  so  much  lower  than  the 
polyphase  rating  that  the  field  current  is  usually  somewhat  less  than 
on  the  polyphase  loading.  This  is  particularly  true  when  the  rating 
is  fixed  by  the  heating  of  individual  armature  coils.  However,  if 
the  single-phase  rating  is  determined  by  the  total  armature  loss  and 
not  by  the  loss  in  individual  coils,  the  permissible  armature  capacity 
on  single-phase  may  be  such  that  in  some  instances  the  field  current 
is  larger  than  on  polyphase.  In  such  cases,  if  the  field  copper  is  the 
limiting  condition,  the  single-phase  rating  cannot  be  as  high  as  the 
armature  would  permit.  It  may  be  assumed,  however,  that  in  large 
machines  the  armature  conditions,  as  fixed  by  the  loss  in  individual 
coils,  determine  the  safe  single-phase  rating;  and  under  this  as- 
sumption the  field  conditions,  except  in  regard  to  the  use  of  dampers 
or  the  elimination  of  the  effects  of  armature  reaction,  need  not  be 
considered. 
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APPLICATION   OF  VARIOUS  TYPES  OF  ALTERNATING-CURRENT  WINDINGS 

The  three-phase  true  star  type  of  winding  is  the  one  which,  in 
general,  lends  itself  to  best  advantage  to  the  various  types  of  alter- 
nating-current machinery.  It  may  be  a  question  then  as  to  why 
any  other  types  of  windings  are  used.  Where  windings  other  than 
the  true  star  winding  are  used  there  is  usually  some  condition  which 
is  more  important  than  the  output.  In  the  following  will  be  given 
some  of  the  principal  applications  of  the  different  types  of  windings. 

Closed  Coil  Types — The  closed  coil  type  of  winding  is  always 
used  with  rotary  converters.  The  controlling  feature  in  this  case  is 
that  the  rotary  converter  carries  a  commutator,  which  naturally  re- 
quires a  closed  coil  type  of  winding.  Rotary  converters  are,  in 
practice,  wound  for  three-phase,  four-phase  (usually  known  as  two- 
phase),  and  six-phase;  and  the  number  of  collector  rings  is  3,  4  and 
6  respectively.  The  three-phase  winding  is  generally  used  in  small 
capacity  converters.  While  the  three-phase  winding  allows  less  out- 
put than  the  four-phase  or  six-phase,  on  small  converters  the  capac- 
ity is  usually  not  li.r.ited  by  the  armature  copper  loss,  while  the  use 
of  three  rings  somewhat  simplifies  the  machines. 

Four-phase  converters  are  used  to  a  very  considerable  extent  in 
connection  with  two-phase  circuits.  However,  where  the  supply 
circuit  is  three-phase  it  is  rare  that  the  transformation  is  from 
three-phase  on  the  supply  circuit  to  the  two-phase  on  the  converter, 
as  there  are  certain  disadvantages  in  such  transformation  which- 
more  than  offset  the  slight  advantage  of  the  four-phase  converter 
over  the  three-phase.  Moreover,  where  a  higher  number  of  phases 
is  of  advantage  in  a  rotary  converter,  it  is  practicable  to  transform 
from  the  three-phase  supply  circuit  to  six-phase  for  the  converter. 
Two  arrangements  of  such  six-phase  transformation  are  in  use,  as 
illustrated  in  Figs.  11  and  12.  One  of  these  is  the  so-called  "Dou- 
ble Delta"  arrangement,  in  which  each  of  the  step-down  trans- 
former circuits  is  equipped  with  two  secondaries,  as  indicated  in 
Fig.  II.  These  are  connected  to  form  two  separate  deltas,  one 
being  inverted  with  respect  to  the  other.  The  other  arrangement  is 
the  so-called  "Diametral"  arrangement,  as  shown  in  Fig.  12.  This 
has  advantage  over  the  double  delta  in  that  only  one  secondary 
circuit  is  required  for  each  phase  and  the  middle  points  of  these 
secondary  circuits  may  be  connected  together  for  a  neutral  or  mid- 
dle wire  between  the  direct-current  leads  from  the  rotary  converter. 

In  a  rotary  converter  the  armature  copper  loss  is  generally  so 
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small,  compared  with  that  of  the  straight  direct-current  or  straight 
alternating-current  machine  with  the  same  winding,  that  all  consid- 
erations of  the  comparative  heating  of  three-phase,  four-phase  and 
six-phase  windings,  as  on  alternating-current  generators,  has  prac- 
tically no  bearing  on  the  rotary  converting  rating.  In  a  rotary  con- 
verter, an  increase  in  the  number  of  phases  over  six  represents  a 
considerable  reduction  in  the  armature  copper  loss, — much  more  so 
than  in  the  closed  coil  alternating-current  generator.  This  is  due, 
in  the  rotary  converter,  to  the  fact  that  one  armature  winding  car- 
ries both  the  direct  and  the  alternating  currents,  which  are  to  a  cer- 
tain extent,  flowing  oppositely. 

Closed  coil  windings  are  also  occasionally  used  on  the  second- 
aries of  induction  motors  in  order  to  give  a  better  choice  in  the 
number  of  slots  than  would  be  allowed  otherwise.  Such  windings 
when  used  on  induction  motors  are  usually  of  the  two-circuit  or 
series  type,  for  the  purpose  of  increasing  the  voltage  as  much  as 
possible  and  at  the  sare  time  keeping  the  number  of  conductors 
small,  while  retaining  the  closed  coil  arrangement.  A  two-circuit 
closed  coil  winding  will  close  upon  itself  symmetrically  if  the  num- 
ber of  turns  or  coils  is  one  more  or  less  than  a  multiple  of  the  num- 
ber of  pairs  of  poles.  This  sometimes  allows  the  use  in  the  second- 
ary of  an  induction  motor  of  a  number  of  coils  or  slots  which  has 
no  close  numerical  relation  to  the  number  of  primary  slots.  For 
instance,  if  the  primary  of  a  four-pole  induction  motor  has  48  slots 
with  an  open  coil,  star  or  delta  winding,  then  with  39  coils  and 
slots  in  the  secondary,  a  symmetrical  closed  coil  three-phase  wind- 
ing could  be  obtained,  while  if  an  open  coil  secondary  were  used  the 
number  of  slots  should  preferably  be  36  or  42,  which  might  not  be 
as  desirable  as  39  in  some  cases.  This  simply  illustrates  an  occa- 
sional use  of  the  closed  coil  winding.  Such  windings  were  at  one 
time  used  very  extensively  on  low  voltage,  rotating  armature,  two- 
phase  generators.  Such  generators  were  very  satisfactory  for  de- 
livering a  relatively  large  percentage  of  their  rating  single-phase. 
Furthermore,  with  one  conductor  per  slot  and  with  bolted-on  end 
connectors,  the  potential  between  adjacent  end  connectors  was  at  all 
points  relatively  low.  The  symmetrical  arrangement  of  such  wind- 
ings also  rendered  them  very  suitable  for  use  with  supporting  bands 
or  end  bells  over  the  end  winding.  However,  with  the  advent  of 
the  rotating  field  machines,  and  particularly  with  the  use  of  higher 
voltages,  the  open  coil  star  winding  has  entirely  superseded  the 
closed  coil  type  of  generator  winding. 
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Three-Phase  Star  Windings— Two  types  of  star  windings  have 
been  shown,  namely,  those  in  Figs.  5  and  10.  That  of  Fig.  5  gives 
less  output  than  that  of  Fig.  10  in  the  ratio  of  86.6 :  100.  There 
would  appear,  therefore,  to  be  no  use  for  the  Fig.  5  arrangement ; 
but,  in  certain  cases,  in  using  a  given  winding  it  may  be  desired  to 
reduce  the  voltage  from  12  to  15  percent  while  retaining  normal 
conditions  otherwise.  In  such  a  case  the  lower  voltage  could  be 
obtained,  if  a  new  winding  were  used,  by  simply  chording  the  wind- 
ing one-third  the  pitch.  On  the  other  hand,  if  an  existing  winding 
is  to  be  used,  the  same  result  could  be  obtained  by  coupling,  as  in 
Fig.  5- 

In  induction  motors  the  arrangement  shown  in  Fig.  5  may  be 
used  occasionally  where  the  windings  are  arranged  for  coupling  for 
two  different  speeds.  In  some  cases  this  type  of  winding  may  give 
better  average  field  distribution  for  the  two  numbers  of  poles  than 
the  one  shown  in  Fig.  10.  In  this  case,  therefore,  it  is  the  distribu- 
tion of  the  magnetic  field,  and  not  the  capacity  of  the  winding, 
which  is  the  important  feature. 

The  arrangement  shown  in  Fig.  10  is  the  true  star  winding 
which  is  used  almost  universally  on  three-phase  machines.  For  a 
given  voltage  it  requires  fewer  conductors  than  any  other  type  of 
winding.  This  is  of  very  material  advantage  in  allowing  a  smaller 
number  of  conductors  per  slot,  with  a  given  number  of  slots,  which, 
as  a  rule,  allows  a  better  utilization  of  the  slot  space,  that  is,  more 
copper  can  be  gotten  into  a  given  slot.  Furthermore,  in  relatively 
high  voltage  machines  where  the  conductors  may  be  very  large  in 
number  and  small  in  size,  the  star  winding  with  its  smaller  number 
of  conductors,  each  of  much  larger  size,  gives  more  substantial  coils 
than  any  other  arrangement.  Another  advantage  of  the  three- 
phase  winding  is  its  fairly  good  utilization  of  copper  when  operated 
on  single-phase.  When  operated  on  purely  single-phase  load,  one 
group  of  the  star  could,  of  course,  be  omitted,  but  if  it  is  retained  it 
becomes  a  reserve  winding  which  may  be  used  in  case  of  an  acci- 
dent to  one  of  the  active  groups  of  the  winding.  By  opening  any 
defective  coil  in  an  active  group  and  connecting  in  the  reserve  group 
in  place  of  the  defective  one,  the  machine  can  still  develop  its  speci- 
fied rating  on  single-phase. 

Another  advantage  of  the  star  type  of  winding  is  the  readiness 
with  which  the  central  or  neutral  point  can  be  grounded,  which  is  a 
very  considerable  advantage  in  some  high  voltage  systems. 
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Delta  Type  M'^indings — The  true  delta  type  winding,  as  illus- 
trated in  Figs.  7  and  8,  is  not  used  to  any  great  extent  in  either  alter- 
nating-current generators  or  induction  motors.  For  a  given  voltage 
it  requires  "/T)  percent  more  conductors,  each  of  58  percent  of  the 
capacity  of  those  of  the  true  star  type  of  winding.  As  the  termi- 
nals of  all  three  groups  are  connected  in  a  closed  circuit  it  is  neces- 
sary that  the  e.m.f.'s  generated  in  the  three  should  balance  each 
other  at  all  instants  or  there  is  liable  to  be  circulating  current  around 
the  windings.  This  means  that  the  winding  must  be  applied  only 
where  the  conditions  are  favorable,  or  the  conditions  in  the  design 
must  be  made  to  suit  the  type  of  winding.  This  winding  is  occa- 
sionally used  on  low  voltage  turbo-generators  of  fairly  large  capac- 
ity, due  to  the  fact  that  the  delta  type  winding  requires  more  con- 
ductors than  the  star  type.  For  example,  in  a  large  capacity  two- 
pole  turbo-generator,  wound  for  relatively  low  voltage,  the  number 
of  conductors  for  the  star  winding  may  be  so  small  that  a  satisfac- 
tory number  of  slots  is  not  obtained,  even  with  only  one  conductor 
per  slot  and  even  using  the  double-star  winding,  shown  in  Fig.  9. 
In  such  case  a  double  delta  winding  will  allow  y^  percent  more  con- 
ductors and  slots  than  the  double  star  will  give.  Also,  each  con- 
ductor will  be  much  smaller  than  in  the  star  arrangement,  which  may 
be  of  considerable  advantage  in  the  case  of  low  voltages  and  very 
heavy  current  per  conductor. 

Delta  windings  are  occasionally  used  on  machines  which  are 
arranged  for  connections  for  two  different  voltages,  such  as  6600 
volts  and  11  000  volts.  If  an  armature  is  wound  for  star  connec- 
tion at  1 1  000  volts,  then  it  can  be  coupled  in  delta  for  6  600  volts 
with  practically  the  same  inductions,  losses,  field  currents,  etc.  The 
delta  type  of  winding  is  also  used  occasionally  in  the  primaries  of 
induction  motors  for  special  purposes,  such  as  multi-speed  combi- 
nations where  the  winding  is  changed  from  one  number  of  poles  to 
another.  In  general,  however,  the  star  type  winding  is  used  on  in- 
duction motors.  The  delta  winding  is  not  well  adapted  for  single- 
phase  operation  on  account  of  its  low  capacity.  Also,  it  does  not 
admit  of  grounding  of  the  neutral  or  central  point  of  the  system. 
Taking  everything  into  account,  the  true  delta  winding  is  only  used 
where  some  special  condition  is  imposed  upon  the  winding  which 
puts  the  star  arrangement  at  a  disadvantage. 

SINGLE-PHASE    ALTERNATORS 

All  the  foregoing  comparisons  have  been  made  on  the  basis  of 
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the  same  armature  winding  being  used  for  three-phase,  two-phase 
or  single-phase.  The  relations  shown  do  not  hold  true  in  general 
for  machines  which  are  wound  initially  for  single-phase  service, 
such  as  for  single-phase  railway  or  electro-chemical  or  electro-fusion 
work.  In  such  cases  the  amount  of  armature  copper  used  and  its 
distribution  are  such  that  the  armature  coils,  either  individually  or 
as  a  whole,  do  not  determine  the  true  limits  of  output;  but  the 
armature  as  a  rule  can  carry  any  current  that  the  field  winding  will 
stand,  so  that  the  field  temperature  becomes  the  true  limit  in  such 
machines.  Also,  very  massive,  well  distributed  cage  dampers  are 
used  with  such  machines  when  they  are  of  large  capacity  and  these, 
in  turn,  have  a  certain  effect  on  the  characteristics,  such  as  the  reg- 
ulation, and  thus  have  an  influence  on  the  permissible  capacity.  It 
is  well  known  that  if  the  inherent  regulation  of  an  alternator  is 
made  poorer,  the  capacity  can  usually  be  increased  with  the  same 
limiting  field  temperature.  In  large  single-phase  generators,  espe- 
cially for  railway  service,  the  capacity  is  increased  by  sacrifice  in  the 
inherent  regulation  of  the  machine.  However,  the  massive  dampers 
greatly  improve  the  regulation  for  quick  changes  in  load ;  while  the 
poorer  inherent  regulation  only  affects  the  regulation  over  con- 
siderable intervals  of  time  and  automatic  regulators,  acting  on  the 
alternator  excitation,  readily  take  care  of  the  slow  fluctuations.  In 
consequence,  single-phase  generators  of  large  capacities  may  be 
built  for  ratings  which  bear  no  definite  relation  to  any  of  those 
given  above. 

The  armature  windings  of  single-phase  generators,  when  ar- 
ranged for  single-phase  purely,  are  frequently  distributed  over  only 
part  of  the  surface.  Usually  they  cover  considerably  more  than 
half  the  surface,  and  in  extreme  cases  80  percent  or  more.  Of 
course,  when  spaced  like  a  true  three-phase  winding  they  cover  two- 
thirds  the  surface.  This  arrangement  admits  of  an  extra  group 
being  added  to  the  winding,  which  is  normally  idle,  if  the  winding  is 
connected  in  star,  this  group  being  a  reserve  in  case  of  accident,  as 
mentioned  before.  However,  when  such  a  group  is  not  added,  the 
winding  generally  covers  more  than  two-thirds  the  surface,  rather 
than  less,  but  rarely  covers  the  whole  surface. 


THE  CENTRAL  STATION  AND  THE 
MANUFACTURER=^= 

CHAS.  F.  SCOTT 

COOPERATION  between  the  central  station  and  the  manu- 
facturer of  apparatus  will  be  treated  under  three  heads : — 
"Engineering,"  which  will  deal  with  the  apparatus  by 
which  the  central  station  produces  and  distributes  its  current; 
"Commercial  Engineering,"  which  will  treat  of  the  apparatus  (such 
as  motors,  lamps,  and  heating  appliances),  and  the  methods  for  ex- 
tending the  use  of  central  station  service ;  and,  "Commercial,"  which 
will  deal  with  the  common  commercial  interests  of  the  central  sta- 
tion and  the  manufacturer. 

ENGINEERING 

As  good  apparatus,  well  operated,  is  the  engineering  basis  upon 
which  the  whole  central  station  business  rests,  the  question  naturally 
arises  as  to  how  the  central  station  can  cooperate  with  the  manu- 
facturer to  secure  better  apparatus. 

Standard  apparatus  should  be  purchased  if  it  will  meet  the  re- 
quirements. The  standard  apparatus  of  to-day  is  the  outcome  of 
years  of  evolution  in  which  the  best  thought  of  the  designer,  the 
best  skill  of  the  factory  and  the  results  of  experience  are  combined. 
Patterns,  dies,  tools  and  the  experience  of  the  workmen  all  are 
available  for  the  making  of  a  standard  product  in  less  time  and  at 
less  cost  than  a  special  or  new  one  which  has  not  had  the  test  of  ex- 
perience in  service.  Hence  the  acceptance  of  standard  types  and 
sizes  of  generators  and  auxiliary  apparatus  will  not  only  assist  the 
manufacturer,  but  will,  in  the  long  run,  bring  to  the  central  station 
better  and  cheaper  apparatus. 

Conference  with  the  manufacturer  before  deciding  upon  a 
definite  generating  unit  or  other  apparatus  may  be  helpful  in  de- 
termining what  standard  apparatus  will  meet  the  requirements.  The 
central  station  may  secure  the  advice  of  the  engineering  depart- 
ment of  the  manufacturer  which  is  necessarily  in  touch  with  the 
new  and  changing  conditions  and  with  the  operating  requirements 
of  other  stations.  The  wisdom  of  such  a  conference  is  obvious,  yet 
it  is  not  uncommon  for  rigid  specifications  to  be  presented  without 
conference  and  without  provision  for  alternative  propositions. 


*A  paper  presented  before  the  Canadian  Electrical  Association,  Niagara 
Falls,  Ontario,  June,  191 1.     Condensed. 
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On  the  other  hand,  electric  practice  is  continually  developing. 
We  must  continually  improve  and  progress.  New  conditions  arise. 
To  improve  his  apparatus,  the  designer  should  know  just  what  it 
must  do.  He  may  surmise  the  conditions,  and  he  may  make  labora- 
tory tests,  but  these  may  not  be  the  actual  requirements  and  condi- 
tions of  service.  He  needs  the  experience  which  the  central  station 
operator  possesses.  Lightning  arresters,  regulators,  switches,  circuit 
breakers  and  instruments  are  the  outcome  both  of  the  laboratory  and 
experience  in  actual  service.  Now  the  experience  of  the  central 
station  operator  can  greatly  assist  the  manufacturer.  To  be  effective, 
there  must  be  freedom  and  frankness — not  mystery  and  secrecy.  If 
something  is  not  satisfactory,  if  there  is  some  weak  point  in  the  ap- 
paratus, if  there  is  some  new  condition  which  is  not  met,  little  is 
gained  by  saying  that  the  whole  thing  is  a  failure,  while  much  may 
be  gained  by  definite,  intelligent  information.  Conditions  are  rapidly 
changing  in  central  station  designs  and  substantial  engineering 
progress  requires  that  the  skill  of  the  manufacturer  and  the  experi- 
ence of  the  operator  be  combined. 

COMMERCIAL  ENGINEERING 

The  growth  of  the  ofif-peak  load  and  of  the  power  business  is 
the  most  striking  feature  in  central  station  activity  at  the  present 
time.  The  application  of  electric  power  is  first  of  all  an  engineering 
problem.  A  motor  must  be  adapted  in  speed  and  power,  and  in  me- 
chanical connection,  to  the  work  which  it  is  to  do.  But  beyond  these 
simple  problems  is  the  general  problem  of  using  to  best  advantage 
the  power  which  the  motor  develops.  It  is  the  superior  service 
which  the  motor  gives,  the  convenience  with  which  it  can  be  oper- 
ated, the  better  speed  adjustment,  the  increased  quantity  or  the  im- 
proved quaHty  of  the  output  of  the  machine  it  drives,  the  simplicity 
of  motor  drive  as  compared  with  engines  and  shafting  and  belts, 
and  the  independence  of  one  tool  or  one  department  from  others 
when  driven  by  separate  motors,  these  and  a  score  of  other  factors 
are  indirect  advantages  which  often  become  the  really  important 
things  to  be  gained  in  using  electric  power. 

The  prospective  user  of  electric  power  is  often  unfamiliar  with 
the  apparatus  and  the  various  engineering  features  involved  in  its 
application  and  operation,  and  he  is  ignorant  or  unconvinced  of  the 
advantages  which  will  result  from  its  commercial  introduction. 
Hence  it  is  that  the  large  power  loads  of  progressive  central  stations 
have  been  the  result  of  a  systematic  educational  campaign  among 
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prospective  customers.  This  is  a  field  in  v/hich  manufacturing  com- 
pany and  central  station  can  work  together.  The  information  and 
data  which  the  progressive  manufacturing  company  acquires  in  or- 
der to  design  its  apparatus  to  meet  the  requirements  of  actual  service 
are  the  precise  data  whidi  the  central  station  needs  in  order  to  un- 
derstand and  effectively  present  the  situation  to  the  power  users 
which  it  should  serve. 

Electricity  is  usually  an  auxiliary  factor.  The  cost  of  electric 
power  is  a  small  part  of  the  total  cost  and  yet  it  may  contribute 
very  largely  to  successful  operation.  For  example,  the  cost  of 
power  in  most  industries  is  only  three  of  four  percent  of  the  total 
cost  of  the  product  and  the  cost  of  lighting  is  less  than  one  percent. 
Hence,  it  follows,  obviously,  that  if  greater  and  better  output  can 
be  obtained  from  men  or  machines  by  an  increase  or  an  improve- 
ment in  the  power  or  lighting,  then  considerably  greater  expense 
for  light  or  power  is  amply  justified. 

This  may  be  illustrated  by  an  example : — Assume  as  a  con- 
venient figure  that  the  cost  to  the  purchaser  for  a  five  horse-power 
motor  is  $100.00.  Assume  further  that  the  annual  charge  for  de- 
preciation, interest  and  repairs  is  as  much  as  $20.00  per  year,  or 
say  $0.07  per  day.  In  the  daily  cost  of  production,  therefore  the 
first  cost  of  the  motor  appears  as  $0.07.  The  power  taken  by  the 
motor  is  say  two  kw  (corresponding  to  a  load  factor  of  40  percent)  ; 
hence,  the  power  for  the  ten-hour  day  will  be  20  kw-hrs.  and,  if 
the  rate  is,  say,  2.5  cents  per  kw-hr.,  the  cost  will  be  50  cents  per  day. 
If  the  motor  drives  a  line  shaft  supplying  power  to  five  workmen 
at  $2.00  per  day,  their  wages  will  amount  to  $10.00  per  day.  The 
various  overhead  charges  in  the  operation  of  machine  tools  is 
about  one  and  one-half  times  the  operators'  pay.*  This  gives  the 
overhead  charge  as  one  and  one-half  times  the  wages,  or  $15.00 
per  day. 

The  various  items  assumed  in  the  total  cost  of  production,  all 
in  connection  with  the  five  horse-power  motor,  are  as  follows : — 

•Cost  of  motor  per  day $  0.07 

Cost  of  power  per  day 0.50 

Cost  of  wages  per  day 10.00 

Cost  of  overhead  per  day IS-OO 

Total  cost  per  day 25.57 

Total  cost  per  hour 2.56 

Total  cost  for  twelve  minutes 0.50 

Total   cost    for    one    minute 0.04 

*See  "Notes  on  the  Cost  of  Operating  Machine  Tools,"  A.   G.   Popcke, 
in  the  Journal  for  December,  1909. 
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Let  us  analyze: — The  cost  of  power  is  fifty  cents  in  a  total  of 
$25.57  per  day,  or  only  two  percent  of  the  total.  Suppose  that  it 
be  possible  by  using  more  power  to  increase  the  output  slightly, 
note  what  will  result.  If  the  power  used  be  increased  one-tenth, 
making  fifty-five  cents  instead  of  fifty  cents  per  day,  and  this  can 
increase  the  output  by,  say,  five  percent,  then  the  production  will 
be  increased  in  value  by  five  percent  of  $25.57,  or  a  little  more 
than  $1.25.  Hence,  five  cents  more  spent  for  power  results  in  a 
net  gain  of  $1.20  under  these  conditions,  or  twenty-four  times  the 
cost  of  the  additional  power.  These  figures  may  be  put  in  the  fol- 
lowing form : — 

Assumed  gain  in  production    (five  percent  of  $25.57)  ■  ■  •  •     $i-25 
Assumed  additional  cost  of  power  (ten  percent  of  $0.50).       0.05 

Net   gain    $1.20 

Expressed  in  another  way,  the  cost  of  power  per  day  is  fifty 
cents,  which  is  equal  to  the  total  cost  for  12  minutes;  i.  e.,  one  can 
afford  to  pay  twice  as  much  for  power  if  he  could  thereby  gain 
more  than  12  minutes  per  day.  Hence,  the  problem  is  not  to  save 
power,  but  to  use  power  effectively.  The  cost  of  power  is  so  small 
an  item  in  the  present  example  that  it  can  be  even  doubled  if  a 
gain  in  rate  of  production  of  more  than  two  percent  can  be  secured 
thereby. 

The  cost  of  the  motor  in  the  foregoing  example  is  equiv- 
alent to  $0.07  per  day,  or  approximately  one-quarter  of  one 
percent  of  the  total  cost.  Obviously,  if  some  other  motor  equip- 
ment would  give  even  one  percent  greater  output,  the  value  of 
which  would  be  twenty-five  cents  per  day,  it  would  be  economical 
to  install  it,  even  though  it  cost  twice  as  much,  i.  e.,  even  though  the 
motor  cost  $200  instead  of  $100,  or  fourteen  cents  per  day,  instead 
of  seven.  In  other  words,  the  cost  of  the  motor  per  day  is 
less  than  the  total  cost  for  two  minutes.  Hence,  if  one  motor 
equipment  will  save  more  than  two  minutes  per  day  over  another 
one,  its  purchase  is  justifiable  even  if  the  price  were  twice  as  great. 
If,  therefore,  one  motor  outfit  can  be  more  conveniently  operated, 
if  starting  or  stopping  requires  less  time,  if  there  is  less  interrup- 
tion due  to  poor  insulation  or  hot  bearings  or  controller  contacts. 
which  amounts,  on  the  average,  to  even  one  or  two  minutes  a  day,  or 
to  one  hour  a  month,  then  it  is  well  v^orth  while  to  purchase  the 
better  outfit  even  at  a  very  considerably  increased  cost. 
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In  the  departments  of  lighting  and  heating  there  is  a  similar 
situation  and  in  general,  the  same  arguments  apply. 

We  are  all  apt  to  take  too  narrow  a  view ;  we  fail  to  see  that 
the  really  important  thing  is  not  the  saving  of  a  few  cents  in  doing 
a  thing  by  the  old  way,  but  in  the  large  economies  which  come  from 
new  methods  which  electricity  makes  possible.  Efficiency  in  opera- 
tion and  in  management  as  well  as  in  power  plants  and  in  ma- 
chinery is  now  awakening  interest  and  wide  discussion.  Electricity 
is  the  great  modern  means  of  securing  efficiency  in  the  applications 
and  uses  of  power.  The  progressive  men  of  manufacturing  com- 
panies and  of  central  stations  are  recognizing  this  and  through  their 
efforts  it  is  beginning  to  impress  itself  upon  the  public.  The 
problem  is  a  tremendous  one,  its  solution  means  much  for  the  pub- 
lic, for  the  central  station  and  for  the  manufacturer,  and  it  merits 
united  effort  in  its  solution. 

COMMERCIAL 

In  their  commercial  prosperity  and  success,  as  measured  by 
the  earning  of  dividends,  the  manufacturer  and  the  central  station 
have  much  in  common.  One  supplies  apparatus,  the  other  operates 
it,  and  together  they  contribute  to  supply  a  growing  need  of  the 
community.  The  central  station  is  no  longer  a  novelty  supplying 
current  within  a  radius  of  a  mile  or  so  to  those  who  can  afford  the 
luxury  of  an  incandescent  lamp  upon  a  combination  fixture  where 
the  gas  can  be  lighted  when  the  current  fails.  Light  is  no  longer  a 
luxury.  The  company  supplying  light  and  power  is  now  called  a 
public  service  corporation.  It  is  recognized,  both  practically  and 
legally,  as  an  institution  which  supplies  a  fundamental  need  by  ren- 
dering a  public  service  to  the  community.  Government  commis- 
sions see  that  the  public  is  provided  with  an  adequate  service  at  fair 
rates  and  also  that  the  company  is  protected  against  unjust  competi- 
tion and  that  it  secures  rates  which  are  fair  and  adequate. 

Moral  and  legal  obligation,  as  well  as  good  business  policy, 
dictate  that  the  central  station  should  supply  the  best  possible  serv- 
ice and  should  extend  that  service  in  the  public  interest  as  well  as  its 
own  interest.  This  means  that  the  central  station  must  provide  a 
reliable  and  continuous  service ;  that  it  must  not  merely  be  ready 
to  supply  current,  but  that  it  must  also  render  a  public  service  in 
showing  how  to  use  electricity  and  how  and  what  direct  and  indirect 
gains  follow  from  its  use,  and,  further,  it  must  develop  in  its  equip- 
ment and  in  its  organization  to  meet  the  larger  field  of  service  which 
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the  universal  use  of  central  station  power  will  make  necessary. 
From  the  standpoint  of  the  customer,  reliability  and  continuity  of 
service  are  of  first  consequence.  These  depend,  first  of  all,  upon 
the  quality  of  the  electrical  apparatus  which  is  used.  As  the  first 
cost  of  this  apparatus  is  insignificant  compared  with  the  cost  of  the 
power  it  uses  and  the  value  of  the  products  which  it  aids  to  produce, 
quality  and  not  price  is  of  first  importance  in  the  installation  of  a 
motor.  Whatever  the  central  station  can  do  to  aid  its  customers  in 
securing  good  motors ;  whatever  it  can  do  to  support  the  manufac- 
turer who  makes  good  motors  and  to  induce  the  making  oi  still  bet- 
ter motors,  contributes  to  the  best  interests  of  all  concerned.  The 
central  station  and  the  manufacturer  together,  by  educating  the 
public  to  the  use  of  electricity  in  the  right  way  on  a  sound  engineer-\ 
ing  basis  with  the  best  apparatus  are  laying  the  surest  foundation 
for  their  commercial  success. 

To  insure  that  the  electrical  progress  of  the  next  decade  will 
keep  pace  with  that  in  the  past,  the  central  station  must  meet  the 
new  demands  for  reliability  and  for  a  broad,  comprehensive  ex- 
pansion of  its  activity  and  its  policy.  The  central  station  should  be 
the  source  of  power  for  all  purposes,  for  domestic  uses,  for  indus- 
try and  for  transportation.  Apparatus  larger  in  output  and  better 
in  quality  will  be  demanded  for  generating,  controlling  and  using 
electric  power  in  all  forms.  The  experimental  investigation  and 
the  practical  development  of  apparatus  has  been  carried  on  in  the 
past  largely  by  the  manufacturing  companies.  They  have  ex- 
pended millions  of  dollars  in  developing  new  and  better  apparatus 
and  the  central  station  has  reaped  the  direct  benefit.  Such  work 
must  go  on,  it  must  be  aided  both  by  engineering  cooperation  and  by 
the  commercial  endorsement  of  the  central  station  interests. 

Electricity  is  bringing  about  a  new  power  era,  because  it  facili- 
tates the  generation,  the  transmission,  the  distribution  and  the  uni- 
versal application  of  power.  The  central  station  is  the  agency  for 
supplying  this  power.  Upon  its  progressive  policy  in  acting  with 
the  manufacturer  of  apparatus  on  the  one  hand,  and  the  public  on 
the  other,  depends  the  commercial  prosperity  of  manufacturer  and 
of  central  station,  and  the  general  welfare  of  the  community  whose 
industries  and  transportation  and  daily  life  are  becoming  more  and 
more  dependent  upon  electric  power. 


ELECTRIC  DRIVE  FOR  WATER  WORKS  IN 
RURAL  DISTRICTS 

H.  W.  SMITH 

THE  domain  of  the  electric  motor  is  continually  expanding,  but 
there  are  many  cases  in  which  the  possibilities  of  electric 
power  are  still  unrealized.  It  is  the  object  of  this  article  to 
point  out  some  of  the  opportunities  for  the  use  of  electric  power  in 
water  works  in  small  cities  and  rural  districts.  In  the  larger  cities 
water  is  generally  obtained  from  lakes  or  rivers,  and  filtration 
plants  are  then  required  to  make  it  potable;  but  in  small  towns  the 
water  is  commonly  pumped  from  artesian  wells,  often  i  ooo  to 
2  ooo  feet  deep.  The  well  piping  extends  through  all  surface 
formations  and  into  the  underlying  rock  stratum,  thus  excluding  all 
possibility  of  contamination  from  surface  seepage.  The  water  is 
usually  found  in  a  sand  or  gravel  stratum  with  a  rock  cap  or  wall 
above  it.  For  raising  the  water  to  the  surface,  three  main  methods 
are  employed : — 

SYSTEMS    OF    PUMPING 

I — Deep  Well  Plunger  Pumps,  either  single  or  double  acting, 
give  a  positive  lift,  and  can  be  used  for  pumping  from  any  depth. 
The  single  acting  pump  is  least  expensive  to  install,  but  delivers  the 
smallest  quantity  of  water  from  a  given  bore,  of  any  of  the  com- 
mercial pumps  and  works  at  an  efficiency  of  about  65  percent.  The 
deep  well  double-acting  pump  delivers  about  70  percent  more  water 
than  can  be  raised  with  a  single-acting  cylinder  of  the  same  dis- 
placement, and  develops  an  efficiency  up  to  75  percent. 

2 — The  Air  Lift  System  is  used  for  raising  water  or  oil  from 
deep  wells  by  means  of  compressed  air.  It  consists  of  two  properly 
proportioned  pipes ;  the  water  pipe  and  the  air  pipe.  The  lower 
end  of  the  water  pipe  is  submerged  in  the  water  usually  to  a  depth 
not  less  than  half  the  lift,  and  the  air  pipe,  which  is  usually  smaller, 
delivers  compressed  air  inside  the  water  pipe  a  few  feet  short  of  its 
lower  end.  The  rising  column  in  the  water  pipe  consists  of  air 
mingled  with  water.  Since  the  pressure,  caused  by  the  weight  of 
this  column  is  less  than  the  pressure  of  the  surrounding  water  in  the 
well,  the  water  and  air  are  forced  up  and  out  of  the  pipe. 
This  method  has  many  decided  advantages  over  other  systems, 
mainly  because  of  the  entire  absence  of  valves,  plunger  rods  and 
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other  mechanism  in  the  well.  Muddy  or  gritty  water  or  quicksand 
can  be  pumped  as  well  as  clear  water.  The  yield  of  the  well  is 
increased  and  the  water  is  ?erated,  purified  and  cooled  by  the  ex- 
panding action  of  the  air  in  contact  with  it  in  the  well. 

The  air  lift  system  is  suitable  for  any  depth  of  well  and  will 
raise  more  fluid  from  a  drill  hole  of  a  given  size  than  any  other 
method  of  pumping,  but  obtains  a  lower  efficiency  than  any  other, 
the  efficiency  being  from  15  to  30  percent.  When  wells  are  of  ex- 
treme depth  and  very  expensive  to  put  down  and  a  large  quantity  of 
water  is  required,  it  is  often  cheaper  to  install  the  air  lift  system  and 
use  a  relatively  greater  amount  of  power  than  to  bore  more  wells 
and  install  additional  pu'rps  of  another  type  that  can  be  operated 
more  economically  after  the  installation  is  made.  Where  the  water 
'needs  to  be  aerated  before  it  can  be  used  there  is  this  additional 
reason  for  using  the  air  lift  system. 

3 — Deep  Well  Centrifugal  Pumps — Pumps  of  the  multi-stage 
vertical  shaft  type  are  set  in  the  wells  and  driven  by  long  shafts 
extending  to  the  surface.  A  vertical  motor  is  coupled  to  each  pump 
by  means  of  a  flexible  coupling.  At  the  surface  are  two  ball  bear- 
ings and  beneath  them  a  water  step  is  usually  placed  to  carry  most 
of  the  weight.  Water  is  admitted  under  pressure  to  the  under  side 
of  the  cap  of  this  water  step  in  such  a  way  as  to  make  it  ride  on  |a 
film  of  water.  At  intervals  guide  bearings  are  placed  within  the 
vertical  shaft.  The  maintenance  cost  of  this  type  of  pump  is  high, 
but  the  increased  efficiency  over  the  air  lift  system  counterbalances 
this.  The  deep  well  centrifugal  pump  can  be  used  where  the  well  is 
not  less  than  12  inches  in  diameter  inside  the  well  casing  and  when 
the  lift  does  not  greatly  exceed  150  feet.  This  type  of  pump  will 
elevate  more  water  from  a  deep  drill  hole  than  any  other  type, 
except  the  air  lift,  and  will  develop  an  efficiency  up  to  60  percent. 

The  relative  amounts  of  water  delivered  from  a  given  well, 
considering  the  amount  delivered  by  the  single-acting  cylinder  pump 
as  unity  are: — Deep  well,  double  acting,  1.7 — 2;  turbine  centrifugal, 
3 — 4;  air  lift,  4 — 10. 

For  delivering  the  water  into  mains,  stand  pipe  or  reservoir, 
motor-driven  centrifugal  pumps  or  steam  driven  plunger  pumps  are 
generally  used.  In  old  installations  pumps  were  generally  driven  by 
steam  engines  or  gas  engines  and  in  the  air  lift  system,  the  air 
compressors  were  steam  driven.  In  many  cases  they  have  been 
changed  over  to  electric  drive  and  power  bought  from  central  sta- 
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tions  with  a  saving  in  the  cost  of  operation.  The  advantages  of 
electric  operation  are  several  and  may  be  enumerated  briefly  as 
follows  : — I- — First  cost  less  ;  2 — Cost  of  operation  less,  owing  to 
smaller  buildings  required,  elimination  of  boilers,  coal  handling  and 
ash  hauling,  no  coal  storage  required,  no  firemen  required,  mainte- 
nance on  motors  less  than  on  steam  or  gas  engines ;  3 — Greater 
reliability. 

TYPE  OF   MOTORS 

Alternating  current  is  now  the  standard  source  of  supply  and  is 
very  well  adapted  to  pump  work.  Constant  speed  motors  are  gen- 
erally used,  of  either  the  squirrel  cage  or  slip  ring  type.  The  choice 
of  the  motor  depends  on  the  starting  conditions  and  the  size  of  the 
generating  plant,  slip  ring  motors  being  installed  where  the  starting 
conditions  are  severe  and  where  the  efifect  of  the  starting  of  the 
motor  on  the  power  plant  must  be  considered.  Motors  can  be 
geared  or  belted  to  deep  well  plunger  pumps,  the  former  giving  a 
more  compact  arrangement  and  the  latter  a  more  flexible  connec- 
tion. Compressors  can  be  direct  connected  or  belted  to  motors,  the 
latter  being  the  more  common  arrangement.  Deep  well  centrifugal 
pumps  are  driven  by  direct-connected  vertical  motors  with  flexible 
couplings.  Centrifugal  pumps  with  horizontal  shafts  are  direct 
connected  by  a  flexible  coupling  to  the  motor,  the  usual  arrangement 
in  municipal  plants  being  to  connect  a  pimip  on  either  side  of  the 
motor.  The  pumps  normally  operate  in  parallel,  but  can  be  ar- 
ranged for  series  connection  to  give  high  pressure  for  fire  service. 

EXAMPLES  OF  RESULTS  OBTAINED 

A  short  sun-mary  of  the  results  now  being  obtained  in  several 
small  pumping  plants,  which  are  operated  by  electric  power,  is 
given  below : — 

Plant  A — This  plant  has  one  deep  wel',  10  inches  in  diameter 
for  100  feet,  the  balance  being  8  inches  in  diameter,  the  total  depth 
of  the  w^ell  being  i  400  feet.  The  lift  varies  from  50  to  100  feet 
and  the  discharge  head  is  about  100  feet.  The  equipment  consists 
of  a  20  horse-power,  850  r.p.m.  slip  ring  motor  belted  to  a  deep 
well,  double-acting  plunger  pump,  with  a  rated  capacity  of  200  gal- 
lons per  minute.  This  plant  has  been  operating  for  over  three  years 
without  trouble  of  any  kind,  pu  nping  about  100  000  gallons  per  day 
during  winter  months  and  250  000  gallons  in  summer  months.     One 
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man  operates  this  installation,  with  one  assistant  during  the  summer 
months  on  account  of  the  longer  hours.  The  average  kilowatt- 
hours  per  million  gallons  pumped  is  765. 

Plant  B — This  pumping  plant  has  two  i  000  foot  wells.  The 
air  lift  system  is  employed  because  the  water  is  charged  with  sul- 
phurous gases  and  needs  to  be  serated  before  it  is  drinkable.     The 

amount  of  water 
pumped  is  150 000 
gallons  per  day  in 
winter  months  and 
300  000  gallons  in  the 
summer  months,  the 
lift  being  68  feet.  The 
equipment  consists  of 
two  air  compressors 
with  14  by  12  inch 
cylinders,  giving  an 
a  i  r  pressure  of  56 
pounds,  each  belted  to 
a  40  horse-power,  690 
r.p.m.  squirrel  cage 
motor.  One  of  these 
compressors  is  held  in 
reserve.  The  water  is 
discharged  into  a  res- 
ervoir whose  capacity 
is  74  000  gallons. 
From  the  reservoir  a 
combination  of  four 
single-stage  centrifu- 
gal pumps  forces  the 
water  into  the  mains. 
Each  pump  is  rated  at 
300  gallons  per  min- 
ute at  45  pounds  head  and  is  driven  by  a  20  horse-power  i  700  r.p.m. 
squirrel  cage  motor,  as  shown  in  Fig.  i.  The  piping  is  so  arranged 
that  any  pump  can  be  run  separately,  any  two  or  three,  or  all  four 
in  parallel,  any  two  in  series  delivering  300  gallons  at  90  pounds 
pressure,  or  the  four  in  series-parallel  giving  600  gallons  at  90 
pounds  pressure,  the  latter  two  combinations  being  used  for  fire 


FIG  I — 20  HORSE-POWER  MOTORS  DRIVING  SINGLE- 
STAGE  CENTRIFUGAL  PUMPS.  MOTOR  DRIVEN  AIR 
COMPRESSORS    IN    BACKGROUND 

The  piping  is  so  arranged  that  the  pumps  can  be 
connected  in  any  combination  of  series  and  par- 
allel. 


ELECTRIC  DRIVE  FOR  WATER  WORKS 


'05 


service     only.      The    average    kilowatt-hours    per    million    gallons 
pumped  is  approximately  2  500. 

Plant  C — This  plant  has  a  i  400  foot  well,  the  lift  being  150 
feet.  There  is  an  80  000  gallon  reservoir  and  a  stand  pipe  of 
100  000  gallons  capacity.  The  amount  of  water  pumped  is  225  000 
gallons  per  day  in  the  winter  and  300000  gallons  per  day  in  the 
summer.  The  air  lift  system  is  used  to  raise  the  water  to  the  sur- 
face. A  100  horse-power,  690  r.p.m.  squirrel  cage  motor  is  belted  to 
a  two-stage  air  compressor,  with  cylinders  18  and  11  by  16  inches, 
running  at  125  r.p.m.  and  delivering  air  at  105  pounds  pressure. 
This  compressor  is  operated  about  sixteen  hours  per  day  with  an 


FIG.    2 — 100   HORSE-POWER   MOTOR  DRFVING  COMBINATION   CENTRIFUGAL 
PUMPS 

average  load  on  the  compressor  motor  of  about  94  horse-power. 
From  the  reservoir  a  triplex  pump,  with  cylinders  7  by  8  inches, 
discharges  the  water  into  the  mains.  The  pump  is  belted  to  a  20 
horse-power,  slip  ring  motor.  There  are  three  shifts,  one  man  per 
shift.  The  average  kilowatt-hours  per  million  gallons  pumped  is 
approximately  6  000.  The  street  lighting  for  the  city  is  also  run  in 
conjunction  with  this  pumping  plant. 

Plant  D — This  pumping  plant  uses  the  air  lift  system  and  cen- 
trifugal pumps.  There  is  a  total  of  eleven  wells  ranging  from 
I  500  to  2  100  feet  in  depth,  the  average  lift  being  150  feet.  The 
amount  of  water  pumped  is  i  200  000  gallons  per  day  in  the  winter 
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and  2  000  ooo  gallons  per  day  in  the  summer.  The  equipment  con- 
sists of  a  200  horse-power,  580  r.p.m.  squirrel  cage  motor  belted  to 
a  two-stage  air  compressor  with  cylinders  13  and  22  by  16  inches, 
operating  at  160  r.p.m.  and  delivering  air  at  105  pounds  pressure. 
This  pumps  operates  approximately  seventeen  hours  per  day.  In  ad- 
dition, there  are  four  centrifugal  pumps,  each  with  a  capacity  of  750 
gallons  per  minute  at  40  pounds  pressure.  They  are  placed  one  on 
each  side  of  a  motor,  as  shown  in  Fig.  2.  each  motor  driving  two 
pumps  through  a  clutch  coupling,  so  that  any  one  pump  can  be  dis- 
connected. The  motors  are  100  horse-power,  i  120  r.p.m.  of  the 
slip  ring  type.  This  plant  is  operated  with  two  shifts,  one  man  per 
shift.  The  average  kilowatt-hours  per  million  gallons  of  water 
pumped  is  approximately  4  000. 

Plant  E — This  plant  uses  deep  well  vertical  shaft  centrifugal 
pumps  for  raising  the  water  to  the  surface  and  horizontal  shaft  cen- 
trifugal pumps  for  delivering  the  water  into  the  mains.  There  are 
three  wells,  each  2  100  feet  in  depth.  The  diameter  is  15  inches 
for  the  first  250  feet  below  the  surface,  and  is  then  reduced  by  suc- 
cessive steps  to  ten,  eight  and  six  inches.  In  two  of  these  wells  are 
placed  three-stage  deep  well  centrifugal  pumps,  13  inches  in  exter- 
nal diameter,  located  80  feet  below  the  surface  with  a  20  foot  suc- 
tion pipe  on  the  end.  These  pumps  are  rated  at  350  gallons  per 
minute  at  100  feet  head,  and  are  driven  by  25  horse-power,  i  120 
r.p.m.  squirrel  cage  motors  through  long  vertical  shafts,  extending 
to  the  surface.  The  water  is  lifted  through  an  eight  inch  pipe  in 
which  are  placed  guide  bearings  for  the  vertical  shaft  at  intervals 
of  eight  feet.  The  shaft  consists  of  16  foot  lengths,  coupled  to- 
gether. The  third  well  has  a  similar  but  larger  equipment,  the 
pump  being  rated  at  i  000  gallons  per  minute  at  100  feet  head  and 
driven  by  a  75  horse-power,  i  700  r.p.m.  motor. 

The  reservoir  has  a  capacity  of  550000  gallons  and  the  stand 
pipe  has  an  additional  capacity  of  275  000  gallons.  For  pumping 
into  the  mains  there  are  two  centrifugal  units;  one  consisting  of  a 
50  horse-power,  i  120  r.p.m.,  squirrel  cage  motor  with  a  centrifugal 
pump  on  either  side,  the  capacity  of  the  unit  being  900  gallons  at  50 
pounds  pressure,  the  other  consisting  of  a  100  horse-power,  i  120 
r.p.m.,  slip  ring  motor  with  two  centrifugal  pumps,  delivering  2  000 
gallons  per  minute  with  50  pounds  pressure.  The  consumption  per 
million  gallons  of  water  pumped  at  this  plant  is  approximately  800 
kilowatt-hours. 


METHODS  OF  OPERATING   HYDRO-EXTRACTORS 

ALBERT  WALTON 

IN  textile  mills  where  yarn  or  cloth  is  washed  or  dyed  it  is  neces- 
sary to  dry  the  goods  before  subsequent  handling  in  the  other 
processes.  This  is  usually  accomplished  in  two  stages.  In  the 
first  stage  the  bulk  of  the  liquid  is  removed  by  centrifugal  action 
and  in  the  second  the  material  is  completely  dried  by  a  slow  heating 
and  fanning  system.  The  removal  of  most  of  the  liquid  is  usually  ac- 
complished by  means  of  a  "hydro-extractor"  which  is  essentially  a 
basket,  from  24  to  ']2  inches  in  diameter,  generally  of  perforated 
copper,  mounted  on  a  vertical  spindle  which  is  arranged  to  be 
rotated  at  high  speed.  Into  the  basket  are  packed  the  wet  skeins 
of  yarn  or  pieces  of  cloth  to  the  amount  of  several  hundred  pounds. 
It  is  then  rotated  about  its  vertical  axis,  coming  gradually  up  to  a 
speed  of  from  750  to  i  000  revolutions  per  minute.  During  the 
first  part  of  the  acceleration  the  skeins  or  pieces  rearrange  them- 
selves and  start  to  pack  tightly  against  the  walls  of  the  basket. 
Great  care  has  to  be  taken  to  see  that  none  of  the  goods  projects  be- 
yond the  basket  where  it  can  be  whipped  against  projections  or 
strike  the  operatives  standing  nearby,  as  the  momentum  of  the 
loaded  basket  is  very  considerable  and  a  great  deal  of  damage 
might  be  caused  before  the  machine  could  be  brought  to  rest.  A 
friction  brake  is  usually  provided  to  stop  the  machine  to  avoid  un- 
necessary loss  of  time  after  the  drying  is  completed. 

It  is  very  desirable  to  be  able  to  predetermine  the  amount  of 
moisture  that  will  be  left  in  the  goods  so  that  the  speed  of  the  hot 
air  machine  may  be  regulated  for  maximum  results  and  deliver 
perfectly  dry  material  without  consuming  more  time  than  necessary. 
As  the  amount  of  drying  done  in  the  hydro-extractor  depends 
almost  wholly  on  the  speed  and  the  time  of  drying  and  as  the  time 
can  be  made  perfectly  definite  it  is  evident  that  the  feature  of  a 
fixed  speed  of  operation  is  of  importance.  With  the  time  of  ac- 
celeration and  running  speed  fixed,  a  very  definite  amount  of  dry- 
ing can  be  accomplished  and  repeated  time  after  time  by  duplicat- 
ing the  duration  of  the  cycles  of  operation. 

The  driving  of  hydro-extractors  presents  a  problem  peculiar 
to  itself.  The  load  is  intermittent  and  irregular.  To  start  the 
loaded  basket  and  accelerate  it  to  its  full  speed  in  the  brief  interval 
desired,  involves  a  heavy  draft  of  power,  while  little  effort  is  re- 
quired to  run  it  at  constant  operating  speed,  after  it  has  reached 
that  point.    The  demands  of  production  require  a  quick  acceleration 
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and  it  is  important  that  this  be  obtained  as  this  period  of  the  cycle 
of  operation  is  in  a  measure  lost  time.  Tlie  length  of  time  full 
speed  is  maintained  varies  in  different  installations,  but  it  is  usually 
under  ten  minutes  and  most  frequently  about  five. 

There  are  three  well  recognized  methods  of  applying  the 
power — by  steam  engine,  by  belt  and  by  electric  motor.  The  steam 
drive  has  some  points  of  advantage,  principally,  however,  in  the 
starting  qualities,  but  there  are  many  serious  drawbacks.  The 
engines  are  extremely  wasteful  and  inefficient  and  require  costly 
piping  from  boiler  room  to  dye  house,  and  the  very  necessity  for 
providing  this  piping  frequently  makes  it  impossible  to  locate  the 
extractor  at  the  most  desirable  point  with  reference  to  other  ma- 
chines.    More   important,  however,   is   the   consideration   of   speed 


FIG.    I DIRECT-CURRENT    MOTOR   AND   AUTOMATIC   CONTROLLER, 

DRIVING   HYDRO-EXTKACTOR 

regulation.  With  the  throttle  wide  open  the  speed  of  operation 
varies  over  wide  limits  depending  on  the  steam  pressure,  the  amount 
of  the  load  and  the  way  the  material  is  packed  in  the  basket.  As 
the  drying  effect  varies  as  the  square  of  the  speed  it  is  entirely  im- 
possible to  predetermine  the  amount  of  moisture  that  will  be  left  in 
the  goods.  The  engines,  furthermore,  are  usually  small  and  cheaply 
made,  and  operated  by  ignorant  unmechanical  men.  It  is  rare  to 
find  an  engine  that  has  been  operating  on  one  of  these  machines  for 
any  length  of  time  that  is  not  pounding  badly  and  leaking  steam 
with  every  stroke.  Where  the  engine  is  mounted  above  the  basket, 
driving  directly  to  the  spindle,  there  is  the  added  disadvantage  of 
splashing  oil  and  oil-laden  water.  The  engine  drive  therefore  has 
some  advantages  in  starting  but  is  wasteful  of  power,  inefficient  in 
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drying,  expensive  to  pipe,  noisy,  leaky  and  dirty,  not  to  mention 
being  dangerously  hot. 

Another  method  of  operation  is  by  belt  from  shafting.  The 
basket  is  started  by  shifting  the  belt  from  a  loose  to  a  tight  pulley. 
It  is  obvious  that  for  the  period  of  acceleration,  approximately  two 
minutes,  the  belt  must  slip  badly  either  at  the  main  pulley,  the 
counter-shaft  pulley,  the  tight  pulley  of  the  extractor  or  the  spindle 
pulley.  It  is  usually  divided  between  the  last  two  points.  At  first 
the  operative  slides  the  belt  on  an  inch  or  so,  letting  the  slip  occur 
at  the  tight  pulley,  causing  burning  and  damage  to  one  edge  of  the 
driving  belt.  He  then  gives  his  attention  to  stowing  away  the 
goods  in  the  basket  to  prevent  ends  and  loops  from  flying  out  as 
the  speed  slowly  increases.     As  soon  as  this  is  accomplished  he 

shifts  the  belt  all  the 
way  on  and  the  slip- 
ping then  occurs  at 
the  small  spindle  pul- 
ley until  the  maxi- 
mum speed  is  reached. 
For  this  reason  it  is 
difficult  to  keep  this 
belt  in  good  condition 
as  it  is  short  and 
tight,  and  rapidly  de- 
teriorates under  such 
service.  This  kind  of 
drive,  therefore,  has 
FIG.  2— WOUND  SECONDARY  INDUCTION  MOTOR  WITH  the  advantage  of  sim- 

DRUM     CONTROLLER,    DRIVING    HYDRO-EXTRACTOR  ,.    .^  .    ^     .    - 

plicity  and  fairly  con- 
stant operating  speed  but  the  disadvantage  of  slow  starting  and 
high  up-keep  of  belts.  The  machine  must  be  located  near  the  main 
shafting  and  here  is  involved  also  the  further  disadvantage  of  im- 
posing heavy  intermittent  peak  loads  which  reflect  back  to  all  the 
other  machines  driven  from  the  same  shafting  as  momentary  checks 
in  speed. 

The  third  and  best  system  is  the  use  of  a  proper  electric  drive. 
A  great  many  drives  have  been  used  for  this  purpose  with  varying 
degrees  of  success.  Direct-current  motors  have  been  used  suc- 
cessfully for  this  purpose  for  some  years,  but  with  alternating-cur- 
rent motors  the  problem  has  not  proven  so  simple.  On  the  early  in- 
stallations squirrel-cage  motors  were  used,  but  two  difficulties  were 
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encountered  which  made  the  drive  unsatisfactory.  If  a  standard 
motor  of  the  proper  horse-power  to  run  the  machine  was  used,  the 
period  of  acceleration  was  so  long  and  the  starting  so  frequent  that 
the  rotor  became  overheated.  If,  on  the  other  hand,  a  motor  large 
enough  to  avoid  excessive  heating  were  installed  the  starting  torque 
was  so  great  that  the  belt  would  slip  and  the  motor  come  up  to  speed 
at  once,  and  the  extractor  and  belt  would  attain  full  speed  at  a  rate 
depending  on  the  friction  of  the  belt  on  the  pulleys. 

In  the  newer  forms  of  drive,  these  difficulties  have  been  obvi- 
ated by  the  use  of  a  small  motor  of  design  such  that  the  heat  is  dis- 
sipated outside  of  the  motor.  To  accomplish  this  a  slip  ring  motor 
is  used  with  external  secondary  resistance  and  a  drum  type  con- 
troller. The  motor  may  be  connected  to  the  extractor  either  by  belt 
or  gears.  The  operation  of  the  apparatus  could  hardly  be  more 
simple.  The  controller  is  so  arranged  that  no  other  apparatus  need 
be  touched  by  the  operator.  On  turning  the  controller  handle  to 
the  first  notch,  the  motor  starts  with  all  resistance  in  series.  This 
resistance  can  be  arranged  to  give  a  suitable  starting  torque  and  is 
of  sufficient  capacity  that  the  controller  may  be  left  continuously  at 
any  notch.  The  controller  is  then  advanced  in  the  usual  manner  to 
full  speed  position,  the  entire  start  being  made  in  one  minute  for 
the  average  extractor. 

The  operating  speed  with  this  form  of  drive  is  definite  and 
constant,  and  the  drying  is  perfectly  uniform.  The  resistance  grids 
are  of  rugged  construction  and  may  be  mounted  on  the  wall,  a  post 
or  under  the  floor  where  they  will  be  entirely  out  of  the  way.  They 
can  be  placed  at  some  distance  from  the  motor  if  desired  without 
detriment.  Where  belt  drives  are  used  the  rule  usually  followed  in 
selecting  the  speed  is  to  use  a  motor  having  a  speed  as  near  as  possi- 
ble that  of  the  basket  spindle.  In  this  way  the  motor  pulley  has  ap- 
proximately the  same  diameter  as  that  of  the  spindle  and  will  pull 
a  load  as  large  as  the  spindle  pulley  can  receive  without  slippage. 

This  type  of  motor  drive  has  all  the  advantages  of  other  kinds 
and  none  of  their  disadvantages.  The  set  starts  smoothly  and 
quickly,  is  simple  to  operate,  has  no  hot  parts  to  inflict  burns,  does 
not  damage  belts,  is  clean  and  silent,  uniform  in  drying,  can  be 
located  where  desired,  does  not  affect  the  speed  of  other  machines, 
can  be  run  independently  at  any  time  and  is  of  reasonable  first  cost. 
The  increase  in  capacity  and  uniform  drying  alone  are  sufficient  to 
dictate  its  use. 


ADAPTING  TECHNICAL  GRADUATES 
TO  THE  INDUSTRIES.* 

C.  F.  SCOTT  anJ'C.  R.  DOOLEY 

THE  Westinghouse  Electric  &  ]\Ifg.  Company  has  recently 
modified  its  two  year  course  for  technical  graduates,t 
principally  by  supplementing  factory  and  testing  room  ex- 
perience with  classroom  instruction  and,  by  specializing  the  training 
in  the  latter  part  of  the  course,  adapting  it  to  the  particular  work 
which  is  to  be  followed  later.  The  present  article  outlines  the 
conditions  and  the  reasons  which  have  led  to  the  change  and  de- 
scribes the  general  methods  which  are  being  followed. 

A  large  step  in  engineering  education  was  taken  ten  or  fifteen 
years  ago  when  it  was  recognized  by  the  industries  that  the  educa- 
tion of  the  engineering  schools  should  be  followed  by  specific  prac- 
tical training,  and  suitable  shop  courses  were  inaugurated  for  bring- 
ing young  graduates  into  active  contact  with  the  apparatus  and  the 
methods  of  manufacture.  For  many  years  the  Westinghouse  Com- 
pany has  received  annually  several  hundred  graduates.  They  have 
been  regularly  employed  in  factory,  testing  room,  engineering  de- 
partment, and  the  various  commercial  departments.  In  this  gradu- 
ate course  the  men  were  formerly  transferred  from  department  to 
department  and  were  expected  by  contact  with  their  work  to  acquire 
a  knowledge  of  the  construction  and  use  of  electrical  apparatus  and 
of  business  methods.  Supplementing  the  regular  daily  work,  an 
evening  lecture  course  was  conducted  during  one  season  ten  years 
ago.  This  was  followed  by  the  organization  of  a  club  with  facilities 
for  lectures,  technical  meetings  and  social  activities.  However, 
little  was  done  in  the  way  of  systematic  instruction  bearing  directly 
upon  factory  and  office  work.  While  much  can  be  said  in  favor  of 
a  "sink  or  swim"  policy  and  the  value  of  learning  things  by  personal 
observation  and  experience,  the  conclusion  has  been  reached  that 
better  results,  on  the  whole,  will  follow  a  modification  of  this 
former  method,  which  is  open  to  improvement  for  several  reasons  :— 
I — Electrical  apparatus  is  now  of  so  many  kinds  and  has  be- 


*A  paper  presented  before  the  annual  convention  of  the  Society  for  the 
Promotion  of  Engineering  Education,  Pittsburg,  Pa.,  June.  1911. 

fin  addition  to  the  course  for  technical  graduates  there  is  a  four-year 
trades  apprentice  course  and  The  Casino  Technical  Night  School,  having 
a   regular   four-year  course. 
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come  so  specialized  that  ordinary  shop  work  is  no  longer  a  sufficient 
means  of  instruction.  Furthermore,  a  fuller  knowledge  concerning 
the  details  of  construction  and  the  principles  of  operation  is  now 
essential  to  the  designing  engineer  and  the  application  engineer. 

2 — Factory  work  by  a  beginner  is  apt  to  be  inefficient  from  the 
standpoint  of  the  employer  and  the  ordinary  young  man  has  diffi- 
culty in  observing  and  in  learning  what  he  should  do.  The  transi- 
tion from  the  prescribed  lessons  and  personal  supervision  of  the 
school  life  to  the  shop  work  is  too  abrupt. 

3 — ^The  point  of  view  is  apt  to  be  that  of  the  workman  who 
knows  only  of  the  construction  of  the  coil  he  winds,  or  the  arc  lamp 
he  assembles,  without  appreciating  why  the  apparatus  is  made  as  it 
is,  in  order  that  it  may  be  reliable,  durable  and  efficient.  He  may 
learn  what  it  is  without  learning  why;  he  may  miss  entirely  the 
ideas  of  the  electrical  and  mechanical  designers  which  are  embodied. 

4 — The  time  available  in  the  factory  is  too  short  to  enable  one 
to  cover  the  whole  ground  thoroughly,  hence  factory  experience  is 
ordinarily  limited  to  a  few  departments  and  a  few  kinds  of  ap- 
paratus. The  course  must  cover  but  few  departments  if  it  is  to  be 
thorough,  while  if  it  endeavors  to  cover  all  departments  uniformly 
and  comprehensively,  it  becomes  too  superficial. 

To  meet  these  modern  conditions,  a  new  method  of  training  has 
been  inaugurated  for  the  graduates  who  are  now  entering  the  course. 
The  following  is  a  general  outline  and  policy : — 

I — The  course  is  divided  into  two  periods.  The  first  is  given 
to  general  training  in  the  factory,  while  the  second  is  special,  fitting 
men  for  the  engineering,  sales  or  other  departments. 

2 — In  the  first  period,  the  work  in  the  factory  and  testing  room 
is,  in  the  main,  confined  to  a  few  departments,  where  the  essentials 
of  winding,  assembling  and  testing  occupy  most  of  the  time  and  in 
which  a  reasonable  degree  of  proficiency  is  required.  Each  man 
enters  one  of  the  general  departments  of  the  factory;  such  as  the 
railway  and  control  departments,  where  railway  motors,  locomotives 
and  controllers  are  made ;  or  the  industrial  department,  where  small 
motors  and  controllers  are  produced ;  or  the  power  department, 
where  large  generators  and  motors  are  manufactured.  Each  of 
these  departments  is  essentially  an  independent  factory,  carrying  on 
complete  manufacturing  and  testing  operations. 

3 — Supplementing  the  factory  organization,  there  are  super- 
visors who  assist  the  foremen  in  making  the  work  of  the  graduates 
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effective  in  the  regular  manufacture  of  the  company's  product,  and 
at  the  same  time  afd  the  young  men  in  acquiring  useful  knowledge 
and  experience.  The  shop  work  is  of  a  practical,  serious  sort  in 
which  the  young  men  learn  to  be  workers  and  producers  and  develop 
a  sense  of  service  and  of  vital  responsibility. 

4 — Supplementing  the  work  in  the  factory  and  testing  depart- 
ment, a  course  of  technical  instruction  is  given  which  comprises 
attendance  at  class-room  meetings  during  working  hours,  for  ap- 
proximately four  hours  per  week,  during  which  time  the  regular 
rates  of  compensation  are  paid.  Also  the  equivalent  of  at  least  six 
hours  per  week,  outside  of  the  regular  working  hours,  is  required  to 
be  devoted  to  assigned  reading,  study  or  technical  meetings.  This 
technical  instruction  relates  particularly  to  the  construction  and 
operation  of  the  apparatus  and  it  directly  supplements  the  work  in 
the  factory.  The  men  who  are  working  on  a  particular  kind  of 
apparatus  have  an  instruction  period  devoted  to  it  each  week.  In- 
struction books  or  appropriate  articles  are  assigned  for  reading,  a 
list  of  questions  is  given  to  the  students  beforehand,  and  in  the 
class-room  there  are  questions,  general  discussions  or  talks  by  the 
company's  experts.  For  example,  on  certain  days  those  who  are 
winding  coils,  meet  in  the  class-room  and  under  the  guidance  of  an 
instructor,  consider  the  types  and  forms  of  coils,  the  various  methods 
of  forming  odd-shaped  coils,  the  characteristics  of  the  insulating 
materials  used  and  methods  of  applying  them,  the  insulation  re- 
quired on  coils  of  different  sizes  and  for  different  purposes,  the 
methods  of  splicing  wires  and  copper  strap,  the  machine-winding 
and  hand-winding  of  coils,  also  the  cost  of  the  materials  and  labor. 
The  more  purely  engineering  features,  as  the  ventilation,  carrying 
capacity,  eddy  currents  and  the  like,  receive  only  secondary  consid- 
eration at  this  time. 

5 — General  instruction  regarding  the  various  types  of  apparatus 
supplements  that  relating  specifically  to  the  factory  or  testing  room 
work  upon  which  the  men  are  immediately  engaged.  Thus,  compre- 
hensive acquaintance  with  all  types  of  apparatus  is  gained  through 
reading,  discussions  and  lectures,  accompanied  by  visits  of  inspec- 
tion to  the  various  departments  of  the  works.  The  young  men  are 
called  upon  to  observe  for  themselves,  and  to  make  written  and  oral 
reports.     For  this  purpose  meetings  are  held. 

6 — At  the  beginning  of  the  second  period  of  the  course,  the 
young  men  take  up  the  special  training  for  the  engineering,  sales  or 


714 


THE  ELECTRIC  JOURNAL 


other  departments.  The  experience  in  the  first  period  places  both 
the  young  men  and  the  company  in  a  position  to  make  an  intelHgent 
selection  of  the  department  for  which  they  are  best  fitted. 

7 — The  several  departments  have  direct  supervision  of  their 
respective  training  courses.  In  some  cases  the  work  continues  in 
the  factory  and  the  testing  department  along  particular  assigned 
lines.  In  other  cases,  regular  work,  under  proper  supervision,  is 
done  in  the  engineering,  sales  or  other  departments,  while,  in  still 
other  cases,  a  portion  or  all  of  the  time  may  be  devoted  to  special 
study  and  class-room  exercises. 

8— The  sales  department  has  been  conducting,  during  the  past 
year  and  a  half,  a  commercial  training  department,  for  the  engineer- 
ing graduates  who  are  completing  their  courses  and  are  to  become 
salesmen.  These  young  men  study  the  company's  publications; 
they  answer  specially  prepared  questions  on  the  construction  and 
application  of  the  various  kinds  of  apparatus ;  they  give  special  at- 
tention to  the  engineering  and  commercial  features  in  the  applica- 
tion and  use  of  electric  motors  as  applied  to  different  industries ; 
they  become  familiar  with  the  details  of  the  systems  by  which  the 
company  conducts  its  business,  and  make  a  study  of  scientific  sales- 
manship. Part  of  this  work  is  under  special  instructors,  and  part  is 
under  the  supervision  of  leaders  selected  from  the  class.  In  the 
study  of  apparatus,  frequent  trips  are  made  to  the  factory  and 
smaller  apparatus  is  brought  to  the  class-room.  Sales  demonstra- 
tions in  which  students  endeavor  to  sell  arc  lamps,  meters  or  motors 
to  other  students  or  to  engineers  or  salesmen,  are  fruitful  methods 
of  testing  a  man's  technical  knowledge,  his  resourcefulness  and  the 
force  of  his  personality. 

9 — The  engineering  department  is  actively  maturing  plans  for 
training  men  for  its  work,  which  will  combine  experience  in  factory 
and  in  the  engineering  department  in  a  way  most  effectively  to  train 
men  as  designing  engineers. 

lo — In  addition  to  the  above  during  the  second  period,  particu- 
lar courses  are  given  to  fit  men  for  the  manufacturing,  the  testing 
and  the  erecting  departments. 

II — The  instructors  who  have  immediate  charge  of  the 
various  departments  of  the  training  course  are  specially  fitted  by 
education,  experience  and  temperament.  Most  of  them  are  tech- 
nical graduates,  who  have  taken  the  apprenticeship  course  and  have 
had  several  years  of  practical  work.  They  have  at  hand  for  guid- 
ance and  counsel  the  various  officers  and  engineers  of  the  company 
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and,  when  needed,  they  can  call  upon  them  and  the  experts  and 
specialists  in  various  departments  for  assistance  in  the  educational 
work  which  they  are  directing.  This  brings  the  new  men  into  con- 
tact with  the  older  men  of  the  company. 

12 — The  Westinghouse  Club,  formerly  The  Electric  Club,  which 
has  just  closed  its  first  year  in  new  quarters  continues  to  contribute 
to  the  welfare  of  the  graduate  students.  During  the  past  year  there 
has  been  a  weekly  course  of  high  grade  lectures  on  general  topics. 
There  have  been  17  technical  sections,  each  meeting  every  two  weeks, 
and  each  dealing  with  some  type  of  apparatus  or  its  application  or 
some  phase  of  the  company's  organization.  The  older  engineers 
have  taken  an  active  part  in  these  meetings.  Excursions  by  the 
young  men  in  a  number  of  groups  have  been  made  to  a  score  of 
industries  in  and  about  Pittsburg.  The  club  provides  a  convenient 
social  headquarters  for  the  young  men.  There  are  a  dozen  rooms 
for  reading,  writing,  general  gatherings  and  amusements,  as  well 
as  lectures  and  formal  meetings.  There  is  also  a  large  and  well 
equipped  gymnasium  which  contributes  to  the  physical  welfare  and 
athletic  enthusiasm  of  the  members.  The  dues,  for  those  on  the 
graduate  course,  including  the  gymnasium  and  The  Electric  Journal, 
which  is  published  monthly  by  the  club,  are  $7.00  per  year.  The 
club  activities  are  managed  by  young  men,  who  find  this  an  ex- 
cellent means  of  getting  into  contact  with  their  fellows  and  of  show- 
ing their  aptitude  for  organization  and  management. 

Underlying  the  purely  technical  knowledge  and  experience 
which  nominally  form  the  principal  contents  of  the  training  course, 
there  is  the  even  more  important  purpose  of  developing  men.  As 
the  electrical  industry  increases  and  more  exacting  requirements  are 
placed  upon  electrical  apparatus,  which  is  taking  a  larger  and  more 
responsible  part  in  the  doing  of  the  world's  work,  there  is  a  de- 
mand for  greater  ability  on  the  part  of  the  engineers  and  managers 
who  have  to  do  with  the  production  and  operation  of  apparatus  and 
the  direction  and  management  of  manufacturing  and  operating  com- 
panies. Many  of  those  who  now  hold  responsible  positions  in  the 
various  departments  of  such  companies  or  as  consulting  engineers, 
have  gained  an  important  part  of  their  experience  in  the  training 
courses  of  manufacturing  companies.  It  is  the  aim  in  the  courses 
which  have  been  outlined  in  this  article  to  keep  pace  with  the  new 
conditions  and  to  prepare  men  for  the  larger  duties  and  larger 
responsibilities  which  they  will  face  in  the  future  as  engineers  and 
as  men. 


THE  SELECTION  OF  ALTERNATING-CURRENT 
MOTORS  FOR  ELEVATOR  SERVICE 

A.  G.  POPCKE 

THE  characteristics  of  the  electric  circuit  and  the  required 
horse-power,  speed,  time  rating  and  starting  conditions  are 
the  factors  which  determine  the  selection  of  an  electric 
motor  for  a  given  installation.  For  elevator  service  where  the  load 
is  intermittent,  motors  rated  on  the  basis  of  full  load  for  one-half 
hour  with  55  degrees  C.  temperature  rise  have  proven  satisfactory. 
From  two  to  two  and  one-half  times  full-load  torque  is  required  for 
starting.  Induction  motors  fulfilling  these  conditions  are  built  both 
of  the  squirrel  cage  and  wound  secondary  type.  The  squirrel  cage 
motors  have  high  resistance  end  rings  designed  to  produce  the  slip 
which  is  necessary  to  secure  the  desired  starting  torque. 

With  the  diameter  of  the  elevator  drum,  the  speed  of  the  car 
and  the  unbalanced  load  known,  in  selecting  a  motor  of  this  type  it 
is  necessary  to  determine  the  required  horse-power  and  motor  speed, 
both  of  which  can  readily  be  found  by  the  aid  of  the  diagrams  in 
Figs.  I  and  2.  The  former  is  used  to  determine  the  speed,  after 
which  Fig.  2  serves  for  selecting  the  motor  to  do  the  required  work. 

EXPLANATION  OF  FIG.    I 

The  factors  involved  in  this  diagram  are: — i,  diameter  of  ele- 
vator drum  in  inches ;  2,  speed  of  elevator  drum  in  r.p.m. ;  3,  speed 
of  elevator  in  feet  per  minute;  4,  speed  reduction  between  motor 
and  elevator  drum;  5,  full-load  speed  of  motors. 

The  left  hand  part  of  the  diagram  shows  the  relation  between 
diameter  of  elevator  drum,  speed  of  elevator  drum,  and  speed  of 
elevator,  i.  e.,  it  represents  a  general  solution  of  the  following  equa- 
tion used  to  determine  the  speed  of  elevator,  knowing  the  diameter 
and  speed  of  drum  : — 

Speed  of  elevator   (ft.  per  min.)  =  3.14X  diam.  of  drum   (inches)x  r.p.m. 
of  drum  -^  12. 

In  the  diagram  each  vertical  line  represents  a  diameter  of  drum 
in  inches  given  at  the  lower  margin.  Each  horizontal  line  repre- 
sents a  speed  of  drum  in  revolutions  per  minute  given  on  the  left 
hand  margin.  Each  oblique  line  represents  an  elevator  speed  as  in- 
dicated. Given  any  two  of  the  quantities  the  third  can  be  deter- 
mined by  finding  the  intersection  of  the  lines  representing  the  known 
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quantities.  The  third  line  passing  through  this  intersection  repre- 
sents the  value  of  the  quantity  sought. 

T.xample  i — ^Given  a  drum  diameter  of  30  inches  and  drum  speed  of  25 
r.p.m.,  what  is  the  speed  of  the  elevator? 

Find  the  intersection  of  the  vertical  line  through  30  inches  diameter  of 
drum  and  the  horizontal  line  through  25  r.p.m.,  the  intersection  is  on  an  ob- 
lique line  equivalent  to  200  feet  per  minute  elevator  speed. 

Example  2 — Given  a  drum  diameter  of  40  inches  and  speed  of  elevator 
250  feet  per  minute,  what  is  the  speed  of  the  drum? 

Find  the  intersection  of  the  vertical  line  through  40  and  obli(|ue  line 
corresponding  to  250  feet  per  minute  elevator  speed.  A  horizontal  line 
passed  through  this  intersection  represents  24  r.p.m.,  or  the  speed  of  drum. 


Diameter  of  Drum— Inches 


20  30  40       50     «)    70  80  90)00 

Ratio  of  Speed  Reduction  ^'"  Ei«inc  journal 


FIG.     I — DIAGRAM    SHOWING    THE    RELATION    BETWEEN    SIZE    AND    SPEED    OF    DRUM 
AND  ELEVATOR  SPEED.  ALSO  SPEED  OF  DRUM^   SPEED  OF   MOTOR  AND  GEAR  RATIO 
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The  right  hand  part  of  the  diagram  shows  the  relation  between 
speed  of  drum,  speed  reduction  between  motor  and  drum,  and  the 
speed  of  the  motor.  The  principle  employed  is  similar  to  that  ex- 
plained under  the  left  hand  side  of  the  diagram.  Given  any  two  of 
the  quantities  the  third  can  be  found  as  follows : — 
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Example  3 — Given  speed  of  drum  20  r.p.m.  and  speed  of  motor  680  r.p.m., 
what  is  the  gear  ratio? 

Find  the  intersection  of  the  horizontal  line  corresponding  to  20  r.p.m. 
drum  speed  and  the  oblique  line  corresponding  to  680  r.p.m.  motor  speed. 
A  vertical  line  passed  through  this  intersection  represents  the  ratio  sought, 
which  is  34. 

If  the  maximum  gear  ratio  allowable  is  specified  and  the  speed 
of  drum  is  known,  the  speed  of  motor  is  determined  as  follows : — 

Example  4 — Speed  of  drum  28  r.p.m.  and  gear  ratio  must  not  exceed  25, 
what  speed  motor  must  be  used? 

Find  the  intersection  of  the  horizontal  line  corresponding  to  28  r.p.m. 
drum  speed  and  the  vertical  line  corresponding  to  gear  reduction  of  25.  The 
oblique  line  corresponding  to  710  r.p.m.  motor  speed  passes  through  this  in- 
tersection. Therefore  on  a  25  cycle  circuit  a  4  pole,  710  r.p.m.  motor  would 
be  used  and  on  60  cycles,  a  10  pole  680  r.p.m.  motor  would  fulfill  the  re- 
quirements. The  8  pole,  720  r.p.m.  squirrel  cage  motor  would  also  be  suitable, 
the  speed  exceeding  that  desired  by  less  than  two  percent. 

The  two  operations  can  be  combined  as  follows : — 

Example  5 — Diameter  of  drum  40  inches,  speed  of  elevator  250  feet  per 
minute,  and  gear  ratio  not  to  exceed  40,  what  must  be  the  speed  of  a  60  cycle 
motor  and  also  of  a  25  cycle  motor  to  fulfill  these  requirements? 

The  mtersection  of  the  vertical  line  through  40  inches  (diameter  of 
drum)  and  the  oblique  line  equivalent  to  250  feet  per  minute  corresponds  to 
a  drum  speed  of  24  r.p.m.  The  lines  representing  drum  speed  of  24  r.p.m. 
and  gear  ratio  of  40  on  right  part  of  the  diagram  intersect  between  820  and 
1 120  r.p.m.  An  8  pole,  820  r.p.m.,  60  cycle  and  a  4  pole,  25  cycle,  710  r.p.m. 
motor  will  be  satisfactory  in  this  case. 

All  values  falling  between  lines  can  be  interpolated  with  suf- 
ficient accuracy  for  commercial  use,  and,  of  course,  a  standard 
motor  speed  must  always  be  chosen. 

EXPLANATION  OF  FIG.   2 

This  diagram  shows  the  relation  between  the  following  fac- 
tors:— I,  imbalanced  load;  2,  speed  of  elevator  in  feet  per  minute; 
3,  horse-power  of  motor. 

The  curves  represent  a  general  solution  of  the  following  equa- 
tion based  on  an  elevator  efficiency  of  50  percent,  which  is  generally 
used  in  problems  of  this  kind: — 

TT  Unbalanced  load  (lbs.)  x  speed  of  elevator  (ft.  per  min.) 

Horse-power  = Vr-^:;;rT7-  ;7 ^^ ^ — 

^  2,Z  000  X  0.50 

The  vertical  lines  represent  speeds  of  elevator  in  feet  per  min- 
ute given  on  the  lower  margin  of  the  diagram,  the  horizontal 
lines  represent  unbalanced  loads  given  at  the  left-hand  margin,  and 
the  oblique  lines  represent  values  of  horse-power  of  motor  given 
thereon.  As  explained  under  Fig.  i.  if  any  two  of  the  above  factors 
are  given,  the  third  can  be  determined  by  finding  the  intersection  of 
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the  lines  representing  the  known  quantities.  The  value  represented 
by  the  third  line  passing  through  this  intersection  is  tne  value 
sought. 

Example  6 — Unbalanced  load  2000  lbs.,  and  speed  of  elevator  250  feet 
per  minute,  what  size  of  motor  is  required? 

Find  the  intersection  of  the  horizontal  line  representing  2000  pounds  and 
the  vertical  line  representing  250  per  minute.  The  oblique  line  passing 
through  this  intersection  corresponds  to  30  horse-power,  which  is  the  power 
required.  By  means  of  Fig.  i  and  the  characteristics  of  the  elevator,  i.  e.,  size 
of  drrm,  speed  and  gear  ratio,  the  proper  motor  speed  can  be  selected.  If 
in  thf  last  problem  the  speed  reduction  must  not  exceed  40.  and  if  the  diameter 
of  drum  is  36  inches,  Fig.  i  shows  that  the  speed  of  drum  must  equal  27 
r.p.m.  (interpolated).  For  27  r.p.m.  and  a  limiting  gear  ratio  of  40,  Fig.  i 
shows  that  the  speed  of  the  motor  must  be  lower  than  i  120  r.p.m.  Hence,  if 
the  circuit  is  60  cycle  a  30  hp,  60  cycle,  8  pole  820  r.p.m.  motor  may  be  used 
and  the  gear  ratio  will  have  to  be  about  31. 

Example  7 — Elevator  drum  36  inches  in  diameter,  speed  of  elevator  125 
feet  per  minute,  unbalanced  load  i  500  lbs.,  gear  ratio  not  to  exceed  60  ancl 
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PIG.    2 — DIAGRAM    SHOWING    RELATION    BETWEEN    UNBALANCED    LOAD    ON 
ELEVATOR,    ELEVATOR    SPEED,    AND    HORSE-POWER    OF     MOTOR 


electric  circuit,  220  volts,  60  cycles,  three-phase,  what  motor  should  be  recom- 
mended for  connection  to  this  elevator? 

In  Fig.  I  the  drum  speed  corresponding  to  an  elevator  speed  of  125  feet 
per  minute,  and  a  drum  36  inches  in  diameter  is  13.5  r.p.m.  The  limiting 
motor  speed  falls  below  i  120  r.p.m.  Therefore  an  8  pole  60  cycle  motor 
should  be  used.  Fig.  2  shows  that  11  hp  is  required  under  the  given  condi- 
tions or  load  and  speed.  Therefore  a  standard  10  hp  (good  for  11  horse- 
power), 60  cycle,  8  pole  motor  should  be  used.  If  a  squirrel-cage  motor  is 
used  the  8  pole  motor  with  a  full  load  speed  of  720  r.p.m.  (20  percent  slip) 
will  'be  required.  The  gear  ratio  will  then  have  to  be  52  in  order  to  main- 
taii;  125  ft.  per  minute  elevator  speed. 

The  examples  given  explain  the  solution  of  typical  problems. 
The  diagrams  cover  practically  all  cases,  and  it  is  evident  that  a 
motor  of   standard  manufacture   can  be   selected  for  any  elevator 
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application  within  the  hmits  shown.  Special  motors  require  develop- 
ment which  necessarily  increases  the  expense  and  delays  delivery. 
For  instance,  if  the  diagram  shows  that  28  horse-power  is  required 
and  if  a  standard  rating  exists  at  30  hp,  this  motor  should  be  used. 

In  practice  it  has  been  found  that  squirrel  cage  motors  in  sizes 
up  to  15  or  20  horse-power  are  satisfactory  for  elevator  service.* 
A  speed  of  720  r.p.m.  has  also  been  found  to  be  most  desirable. 
Therefore  8  pole,  60  cycle  motors  of  the  squirrel  cage  type  are 
mostly  used  for  this  kind  of  service.  These  motors  are  very  simple 
in  construction  and  control.  The  controller  is  a  reversing  drum 
type  switch  which  connects  the  motor  directly  across  the  line.  It  is 
located  near  the  motor  and  is  operated  by  means  of  a  rope  or  lever 
in  the  elevator  car.  This  type  of  motor  is  rarely  used  when  the 
elevator  speed  exceeds  150  feet  per  minute  since  the  power  will 
usually  exceed  20  horse-power  at  the  higher  speeds. 

Where  a  starting  current  of  two  and  one-half  times  full  load 
current  is  objectionable,  and  when  the  size  of  the  motor  exceeds  20 
horse-power  a  wound  secondary  motor  is  commonly  used.  The 
use  of  the  high  resistance  end  rings  in  the  larger  sizes  becomes  ob- 
jectionable on  account  of  the  large  amount  of  heat  to  be  dissipated 
when  running  at  or  near  full  load.  With  the  wound  secondary  type 
of  motor  the  resistance  is  cut  out  when  the  motor  is  up  to  speed 
and  hence  there  are  no  excessive  losses. 

These  diagrams  can  be  applied  equally  well  if  direct-current 
motors  are  required.  The  speeds  of  direct-current  motors  are  not 
as  well  standardized  as  those  for  alternating  current  since  an  un- 
limited number  of  speeds  is  possible. 


*Sce  article   on   "Alternating'-Ciirrcnt   Elevator   Motors''   by   Mr.   W.   II. 
Patterson,  in  the  Journal  for  February,  191 1,  p.   155. 


WINDING  OF  DYNAMO-ELECTRIC  MACHINES-XV 

PORTABLE  INSULATION  TESTING  OUTFIT 

C.  S.  LAWSON 

THE  windings  of  electrical  machines  are  always  given  a  suit- 
able insulation  test  by  the  manufacturers  before  shipment ; 
however,  it  is  usually  desirable  to  subject  the  apparatus  to 
another  insulation  test  after  it  is  installed  and  ready  for  operation. 
Thus,  in  the  case  of  a  generator  installed  in  a  power  house,  the 
standard  insulation  test  of  twice  the  normal  operating  voltage  ap- 
plied to  its  windings,  the  connections  to  the  switchboard  and  the 
auxiliary  apparatus,  serves  as  a  reasonable  safeguard  against  subse- 
quent interruptions  due  to  chance  defects  in  installation.  With 
ample  testing  equipment  at  hand,  factory  tests  are  usually  con- 
ducted without  trouble  or  delay.  However,  in  making  the  insula- 
tion test  on  the  apparatus  after  it  has  been  installed  serious  difficul- 
ties may  arise  in  meeting  the  desired  conditions  of  test  for  lack  of 
the  necessary  equipment. 

A  desirable  testing  set  is  one  which  combines  portability  and  a 
large  degree  of  flexibility  in  operation.  A  description  of  an  outfit  of 
this  type,  which  may  readily  be  moved  from  place  to  place  in  power 
house  or  factory,  and  may  be  shipped,  completely  assembled  for 
service,  to  any  distant  point  is  given  in  this  article.  This  set  may  be 
operated  on  25  or  60  cycles  and  from  a  no  or  220  volt  line. 

Since  the  maximum  voltage  of  rotating  machines  rarely  exceeds 
13  200  volts  and  the  standard  test  voltage  is  usually  twice  the  nor- 
mal rated  voltage,  this  outfit  should  be  serviceable  for  the  testing  of 
all  rotating  machines  and  transformers  and  switching  apparatus  for 
use  on  lines  not  exceeding  13  200  volts  normal  rating. 

The  complete  set  includes  a  30  k.v.a.,  30  000  to  500  volts,  oil 
insulated  testing  transformer,  a  30  k.v.a.,  500  to  220  or  no  volt,  oil- 
insulated  regulating  transformer,  a  regulating  drum,  controlling 
panel  and  spark-gap,  the  whole  being  mounted  on  a  flat-wheel  angle 
iron  truck.  Such  an  outfit  completely  assembled  is  shown  in  Fig. 
159.  The  testing  and  regulating  transformers  are  of  the  oil  insu- 
lated type  and  are  mounted  in  a  rectangular  boiler  iron  tank,  the 
regulating  transformer  being  mounted  above  the  testing  trans- 
former, to  which  it  is  bolted,  so  that  the  two  transformers  may  be 
lifted  from  the  tank  as  a  unit.  The  transformers  are  also  bolted  to 
the  inside  of  the  tank  so  that  the  set  may  safely  be  shipped  com- 
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pletely  assembled.  One  high-tension  terminal  is  carried  through 
the  cover  in  an  insulating  bushing ;  the  other  end  of  the  winding  is 
grounded  inside  of  tank  and  carried  to  a  grounded  terminal  on  the 
cover  so  as  to  be  accessible  for  attaching  the  testing  leads.  One  end 
of  the  primary  or  low-tension  winding  of  the  testing  transformer  is 
also  grounded  for  the  protection  of  the  operator. 

The  control  panel  is  made  as  small  as  possible  to  lessen  the 
liability  of  breakage  during  transportation.  It  carries  a  double- 
pole  switch  with  fuses 
and  terminals  for 
connecting  to  either  a 
220  or  no  volt  line. 
There  is  also  a  sin- 
gle-p  o  1  e  circuit 
breaker,  and  a  set  of 
binding  posts  con- 
nected to  the  two 
ends  of  the  primary 
winding  of  the  testing 
and  regulating  trans- 
former. The  circuit 
breaker  is  connected 
in  the  line  between 
the  testing  and  regu- 
lating transformers. 
The  binding  posts  are 
provided  for  attach- 
ing a  portable  volt- 
meter by  means  of 
which  the  voltage  im- 
pressed on  the  pri- 
kk;.  150-  (;r\ii;AL  vikw  of  i'kt\i;lk  i  xsi!,  \  1  ion  mary  of  the  testing 
TESTING  SET  trausformcr    may    be 

observed  while  tests  are  being  made  The  diagram  of  connections 
is  shown  in  Fig.  160. 

On  account  of  the  rise  in  the  secondary  voltage  of  the  testing 
transformer  which  results  from  the  effects  of  the  electrostatic  ca- 
pacity of  the  apparatus  under  test,  a  voltmeter  across  the  primary 
winding  of  the  transformer  does  not  always  indicate  the  correct 
value  of  the  secondary    voltage.     An    adjustable    spark-gap    with 


WINDING  OF  DYNAMO  ELECTRIC  MACHINES    723 


needle  points  is  therefore  provided  for  connection  across  the  termi- 
nals of  the  secondary  or  testing  circuit.  By  use  of  this  spark-gap 
the  test  voltage  is  accurately  determined.  The  voltmeter  is  used 
more  to  indicate  approximate  values  as  the  voltage  is  being  raised  to 
the  value  for  which  the  spark-gap  is  set. 

Choke  coils  are  placed  in  series  with  the  spark-gap  for  limiting 
the  discharge  current  across  the  gap,  and  binding  posts  are  pro- 
vided for  attaching 
the  transformer  and 
testing  leads.  The 
spark-gap  with  its 
choke  coils  is  carried 
by  a  wood  frame 
mounted  directly  on 
the  transformer 
cover. 

By  means  of  the 
regulating  drum  and 
taps  on  the  secondary 
of  the  regulating 
transformer  the  test- 
ing voltage  may  be 
varied  from  zero  to 
30000  volts  in  127 
steps.  The  secondary 
of  the  regulating 
transformer  is  d  i  - 
vided  into  a  main 
winding  and  two 
"floating"  coils.  The 
main  winding  is  pro- 
vided with  taps,  which 
divide  it  into  eight  parts,  each  of  which  gives  a  voltage  corresponding 
to  that  of  the  two  floating  coils  connected  in  series.  The  floating  coils 
in  turn  have  taps  which  together  give  a  total  of  16  steps  between  ad- 
jacent taps  on  the  main  winding.  Two  leads  from  the  primary  of  the 
high-tension  testing  transfornier  are  connected  to  the  secondary  of 
the  regular  transformer  as  follows  ;  one  lead  is  connected  to  one  end 
of  the  main  winding  and  the  other  to  successive  taps  on  the  floating 
coils,  while  the  coils  in  turn  are  connected  to  the  various  taps  on  the 


FIG.     160 — DIAGRAM    OF    CONNECTIONS    OF    IN- 
SULATION TESTING  SET 
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main  winding  as  the  voltage  is  varied.  The  shifting  of  connections 
is  done  by  means  of  the  regulating  drum,  the  coils  themselves,  of 
course,  not  being  movable.  The  method  of  connecting  the  two 
floating  coils  to  taps  on  the  main  winding  is  shown  by  Fig.  161,  in 
which  the  two  coils  are  designated  as  A  and  B.  With  the  coils  in 
the  position  shown  by  A^  and  B^,  adjustment  is  obtained  from  zero 
to  the  voltage  corresponding  to  the  first  tap  on  the  main  winding, 
through  16  steps.  After  the  connection  has  been  shifted  from  A^ 
to  5i,  the  terminals  of  A^  are  changed  so 
that  in  effect  it  assumes  a  position  A^, 
and  gives  corresponding  voltage  steps  be- 
ToTiitinj  tween  the  first  and  second  taps  of  the 
main  winding.  When  B^  has  been  pass- 
ed, its  connections  are  in  turn  shifted  so 
that  in  effect  it  has  a  position  corre- 
sponding to  B^,  between  A^  and  the  sec- 
ond main  tap.  The  connections  of  A  and 
B  are  thus  shifted  from  one  main  tap  to 
the  next  throughout  the  entire  range  of 

FIG.     161 — DIAGRAM     SHOWING  ,^  ,.        ^ 

OPERATION     OF     FLOATING     voltagc  adjustmcnt. 

COILS  The  actual  connections  of  the  line  to 

the  taps  of  the  floating  coils  A  and  B  is 
made  through  a  preventive  auto-transformer.  The  line  is  con- 
nected to  the  middle  of  this  preventive  coil,  and  its  termi- 
nals connect  to  adjacent  taps  of  the  floating  coils.  In  shifting  from 
one  tap  to  the  next,  one  terminal  of  the  preventive  coil  is  moved  at 
a  time,  so  that  the  line  is  not  disconnected  from  the  floating  coils 
during  the  process.  The  preventive  coil  is  of  sufficient  impedance 
to  limit  the  current  to  a  safe  working  value  when  it  is  connected 
between  adjacent  taps. 

The  testing  set  is  designed  for  shipping  in  assembled  form, 
with  the  oil  in  the  tank.  All  external  leads  from  the  apparatus 
within  the  tanks  are  made  oil  tight,  as  they  are  sealed  with  an 
oil  proof  insulating  compound.  For  safer  transportation  the  high- 
tension  terminal  may  be  replaced  by  an  oil  tight  blind  flange. 
Clamps  attached  to  the  truck  serve  in  this  case  for  holding  the  term- 
inal during  shipment,  so  that  when  the  set  is  boxed,  it  is  entirely 
self-contained. 


ELECTRICAL  ACCIDENTS  AND  THEIR  TREATMENT* 

CHAS.  A.  LAUFFER,  M.D. 

Medical  Director,  Relief  Department,  VVestinghouse  Electric  &  Mfg.  Company 

THE  industrial  application  of  electricity  brings  to  the  surgeon 
many  electrical  injuries  that  are  not  mentioned  in  standard 
works  on  surgery,  and  inadequately  presented  in  current 
medical  literature.  The  following  outline  is  based  upon  a  rather 
extensive  personal  experience  in  dealing  wdth  such  cases : — 

Electrical  injuries,  based  on  their  causation,  may  be  classified 
as  due  to  exposure  to  flashes  and  to  actual  contact.  Elashes  or  arcs 
occur  upon  breaking,  or  momentarily  short-circuiting,  direct  and 
alternating  currents,  as  for  example,  where  a  switch  in  a  heavily 
loaded  circuit  is  opened  by  mistake  or  when  a  workman  at  a  switch- 
board allows  his  screw  driver  to  slip  and  causes  a  short-circuit.  Al- 
though electrical  flashes  are  ordinarily  of  only  momentary  duration, 
the  heat  developed  is  often  very  intense.  Painful  burns  of  the  un- 
protected skin  or  eyes  may  also  result  from  continued  exposure  to 
the  rays  of  an  electric  arc  such  as  is  used  in  arc  welding,  although 
the  operator  may  not  have  been  close  enough  to  the  arc  to  feel  any 
intense  heat.  Such  burns  usually  do  not  become  apparent  until 
several  hours  after  the  exposure.  Their  treatment  is  the  same  as 
for  the  heat  burns. 

FLASHES    CAUSING    INJURIES   TO   THE   EYES 

Eyes  which  have  been  exposed  to  electrical  flashes  become  very 
red ;  the  suddenly  dilated  blood  vessels  of  the  mucous  membrane  of 
the  eyes,  on  both  the  eyelids  and  the  eyeball,  become  much  con- 
gested. There  is  a  copious  secretion  of  tears,  a  remarkable  aversion 
to  light,  and  intense  pain.  Often  the  hair  is  singed  and  charred 
hair,  skin  debris  and  dust  particles  may  fill  the  eyes,  contributing 
to  the  above  symptoms.  The  mucous  membrane  covering  the  eye- 
ball and  the  eyelids  adjacent  to  the  eyeball,  which  is  known  as  the 
conjunctiva,  is  inflamed,  constituting  a  "conjunctivitis."  In  more 
marked  cases,  there  appears  around  the  central  transparent  area  of 
the  eyeball,  known  as  the  cornea,  a  zone  of  red ;  such  a  zone  of  red 
in  the  white  of  the  eye,  near  its  junction  with  the  colored  part  of 


'^The  ori.oinal  material  upon  which  this  article  is  based  appeared  in  Tl\e 
Medical  World  for  July,  191 1.  It  has  been  rewritten  by  the  author  especially 
for  the  Journal,  with  the  omission  or  explanation  of  medical  terms.  The 
author  emphasizes  the  fact  that  wherever  possible  the  care  of  the  eyes  and  the 
treatment,  of  burns  should  be  left  to  a  physician.  Also,  in  cases  of  severe 
shock  the  efforts  at  resuscitation  must  be  begun  very  promptly  by  the  victim's 
comrades,  and  their  efforts  supplemented  by  the  timely  arrival  of  a  physician. 
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the  eye  (the  iris),  is  known  as  an  "iritis,"  and  is  characteristic  of  a 
congestion  of  the  blood  vessels  within  this  portion  of  the  eyeball. 
If  the  heat  of  the  flash  is  sufficient,  as  in  the  more  severe  cases,  the 
superficial  layers  of  the  transparent  cornea  are  coagulated. 

Treatment — The  immediate  treatment  consists  in  washing  the 
region  of  the  eye  and  the  eyelids  with  eye-water,*  then  washing 
the  eye  itself.  Upon  dropping  into  the  eyes  a  sufficient  quantity  of 
three-percent  cocaine  hydrochloride  solution,  the  debris  may  be 
mopped  out  with  clean  cotton  wrapped  on  a  tooth-pick.  The  coagu- 
lated tissue  of  the  cornea  is  similarly  mopped  off. 

The  immediate  relief  of  pain  is  secured  by  cold  compresses 
over  the  eye,  and  the  chief  remedy  in  the  subsequent  treatment  is 
cold  compresses ;  merely  cotton  or  a  clean  cloth  laid  on  ice,  or  made 
wet  in  ice  water,  and  changed  by  the  patient  every  two  minutes. 
The  cold  compresses  serve  to  contract  the  dilated  blood  vessels,  and 
thus  control  the  painful  congestion.  They  can  he  employed  for  an 
hour  at  a  time,  as  the  patient  lies  down ;  not  constantly,  but  every 
other  hour.  This  enables  the  patient  to  get  some  sleep,  for  flashed 
eyes  are  most  painful  when  he  is  relaxed  and  ready  to  sleep.  Eye- 
water is  used  every  hour.  In  severe  cases  adrenalin  hydrochloride, 
I  :5  ooo  solution,  is  used  every  half  hour ;  atropine  sulphate,  one- 
percent  solution,  a  few  drops  every  four  hours  to  control  the  iritis 
referred  to  above,  if  this  symptom  manifests  itself.  Also  it  may 
be  necessary  to  apply  castor  oil  every  two  hours,  to  prevent  the 
eyelids  and  eyeball  from  growing  together  ("synechial  adhesions"), 
if  the  corneal  tissue  has  been  much  injured.  In  the  milder  flashes 
the  three  latter  remedies  are  omitted,  as  the  patient  wears  smoked 
glasses  and  returns  to  work  in  two  or  three  days.  Recovery  is 
prompt  and  complete  in  practically  all  cases. 

It  is  conceivable  that  high  intensity  flashes  are  capable  of  seri- 
ously afifecting  the  optic  nerves  in  suscetible  cases,  though  such  a 
case  has  never  come  under  our  observation.  The  fire  of  the  flash 
that  singes  the  hair  or  burns  the  skin  is  but  one  element  in  the  pro- 
duction of  this  type  of  injuries,  as  eyes  may  be  "flashed"  and  pre- 

*A  serviceable  formula  for  eye  water  was  given  in  the  Jan.,  igii  Question 
Box,  No.  374-     Thi.s  formula  is  as  follows: 

I^     Sodii    Biboric    0.30 

Acidi  Boric    0.15 

Alumini   Sulphatis    0.06 

Zinci   Sulphatis    0.06 

Aquje  Camphorje   30. 

M. 

Sig.     Use  freely  as  an  eye  wash. 
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sent  the  congestion,  lachrymaticn,  pain  and  aversion  to  light  (the 
cardinal  symptoms  of  flashed  eyes),  when  the  person  is  too  remote 
from  the  heat  of  the  flash  to  be  burned.  As  suggested  above,  the 
intense  light  of  the  electric  welding  arc  will  produce  a  similar  con- 
junctivitis and  iritis ;  the  eft'ect  probably  being  due  to  the  ultra- 
violet rays  present  in  the  electric  arc.  However,  the  red  and  blue 
glasses  worn  in  the  helmets  of  the  welders  protect  them  from  the 
high  intensity  light. 

FLASPIES  CAUSING  INJURY  TO  THE  SKIN 

Flash  burns  of  the  skin  are  usually  burns  of  the  second  degree. 
That  is  to  say,  while  destroying  the  outer  layer  of  the  skin  (the 
epithelium)  they  do  not  injure  the  inner  layer  of  the  skin  (the 
corium)  nor  the  deeper  tissues.  At  first  these  burns  may  present  a 
mere  congestion ;  the  skin  is  red,  as  from  exposure  to  the  sun,  and 
they  have  the  appearance  of  a  first  degree  burn,  scarce  worth  while 
dressing  and  bandaging.  But  there  is  pain,  some  redness,  and  by 
the  second  day  huge  blebs  or  blisters  may  have  formed.  Usually 
the  hair  is  scorched ;  often  the  outer  skin  is  blown  off,  and  the 
surface  looks  ragged.  Under  proper  treatment  of  these  cases, 
there  is  seldom  any  formation  of  pus,  and  they  will  heal  up,  usually 
without  leaving  a  scar.  We  have  treated  many  of  such  burns  with 
the  happiest  results.  We  have  treated  men  whose  features  were  so 
altered  by  burns,  and  the  eyes  so  swollen  shut,  that  their  own 
mothers  would  not  have  known  them.  To  the  uninitiated,  it  seemed 
they  were  scarred  for  life,  yet  within  two  weeks  they  were  able 
to  resume  work,  and  within  two  months  no  trace  of  their  burns 
was  discernable. 

With  sleeves  rolled  up  to  the  elbow,  no  gloves,  and  the  face 
near  a  switch  when  it  is  opened  on  a  circuit  carrying  a  heavy  cur- 
rent, the  exposure  to  flash  burns  is  unnecessarily  increased. 

Treatment — The  immediate  treatment  of  flash  burns  consists 
in  securing  the  highest  obtainable  degree  of  surgical  cleanliness 
with  ethereal  soap*  applied  with  numerous  cotton  sponges   (using 

*A  good  formula  for  ethereal  soap  consists  of : 

Ether    4  oz. 

Turpentine    i   oz. 

'  Alcohol    3  pints. 

Soft   Soap   4  lbs. 

Water  enough  to  make  one  gallon. 
This   soap   is   especially   suitable    for  cleaning  burns   and   wounds,   as   it 
serve-  to  "cut"  the  dirt  and  grease,  and  at  the  same  time  renders  the  region 
antiseptic. 
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sterilized  absorbent  cotton  such  as  is  sold  for  medical  uses),  and 
the  application  of  a  sterile  gauze  dressing;  well  covered  with  un- 
guentine.  We  find  this  ointment  uniformly  reliable ;  it  soothes  the 
pain,  and  promotes  recovery.  A  loose  gauze  bandage  is  applied, 
and  the  part  put  at  rest. 

The  subsequent  treatment  consists  of  daily  redressings.  When 
the  blebs  are  large,  we  scissor  them  open  freely,  but  allow  the  outer 
skin  to  remain  for  some  days,  as  it  is  in  itself  a  splendid  protective 
covering. 

These  burns  must  be  washed  clean,  then  there  is  little  liability 
to  infection  with  its  pain,  the  formation  of  pus,  and  the  resulting 
long  term  of  disability.  But  should  it  become  infected,  and  pus 
form,  we  at  once  trim  away  the  skin  debris,  so  as  to  allow  no 
pockets  for  the  retention  of  infection.  In  the  absence  of  infection, 
that  is,  when  the  pus-producing  bacteria  do  not  invade  the  wound, 
the  dead  skin  is  removed  within  a  few  days,  after  the  inner  sensi- 
tive layer  of  the  skin  has  had  a  chance  to  harden  somewhat,  and  to 
lose  its  hypersensitiveness.  When  the  healing  has  progressed  we 
sometimes  apply  ten-percent  Ichthyol  in  Petro'latum,  to  facilitate 
the  formation  of  normal  skin.  After  recovery,  in  most  cases,  the 
skin  remains  red  and  sensitive  for  some  weeks.  We  instruct  the 
patient  to  wear  canvas  gloves,  and  otherwise  protect  the  new  skin 
from  grime  and  weather,  as  it  is  prone  to  eczema. 

The  dry  open  method  of  treating  such  burns,  namely,  that  of 
powdering  on  Stearate  of  Zinc  freely  and  exposing  them  un- 
bandaged  to  the  air,  is  successful  in  hospital  practice,  but  not 
adapted  to  ambulatory  patients,  especially  those  that  may  live  on 
the  streets  and  in  dirty  houses,  and  who  may  return  to  work  before 
complete  recovery. 

CONTACT  INJURIES 

The  two  types  of  contact  injuries  are  shocks  and  burns.  The 
passage  of  an  electric  current  through  the  human  body  may  cause 
a  momentary  unpleasantness,  the  retention  of  the  victim  within 
the  circuit  unable  to  release  himself,  a  suspension  of  conscious- 
ness during  which  he  falls,  but  revives  again,  or  a  suspension  of 
animation,  requiring  artifical  respiration.*  The  artificial  respira- 
tion helps  sustain  the  action  of  the  heart,  hence  the  necessity  of  im- 
mediate efforts  at  resuscitation. 

The  burns   from  electrical  contact  are  generally  of  the  third 


''See  foot  note  at  bottom  of  next  page. 
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degree ;  that  is,  there  is  a  destruction  of  both  layers  of  the  skin,  and 
even  of  the  deeper  tissues.  The  real  extent  is  not  immediately  ap- 
parent. The  tissues  are  coagulated,  and  there  is  a  deep  white  slough 
that  is  slow  in  separating.  xA.t  times,  fingers  are  burned  to  a  cinder, 
or  the  vascular  supply  so  destroyed  as  to  cause  a  dry  gangrene. 
These  burns  are  as  a  rule  painless,  and  upon  recovering  from  the 
shock  the  patient  may  not  consider  himself  burned,  but  later  the 
discovery  is  made.  In  the  milder  forms  they  may  not  report  for 
treatment  until  some  days  after  the  accident,  by  which  time  the  burn 
has  become  infected.  But  these  burns  are  worse  than  they  look 
and  are  obstinate  to  heal,  especially  after  infection  sets  in.  Ordi- 
narily, in  the  milder  cases,  the  patient  is  best  treated  while  con- 
tinuing at  work.  In  the  severer  degrees,  as  above  mentioned,  they 
are  hospital  cases. 

Treatment — The  immediate  treatment  in  case  of  such  burns 
consists  in  surgical  cleanliness,  secured  by  etliereal  soap  applied 
with  numerous  cotton  sponges.  For  the  milder  burns,  we  prefer 
Deplettol,  or  ten-percent  Ichthyol  on  sterile  gauze,  to  facilitate  the 
separation  of  the  necrosed  (dead)  tissues.  When  the  slough  has 
separated,  we  commonly  employ  Balsam  of  Peru  as  a  dressing  and 
alternate  with  Thymol  Iodide  at  times.  When  crusts  form  under 
this  mode  of  treatment,  we  employ  zinc  oxide  ointment  to  remove 
them,  and  continue  with  the  daily  dressings  until  the  defect  has 
granulated  in  and  the  area  is  covered  with  healthy  skin. 

The  severer  burns  in  hospital  practice  are  treated  by  open  dry 
or  wet  methods,  in  accordance  with  the  ideas  of  the  surgeon  on  the 
particular  service.    It  is  customary  to  be  conservative  in  waiting  for 


*Iii  an  article  on  the  "Prone  Pressure  Method  of  Resuscitation  From 
Electric  Shocks  and  Drov.ning,"  appearing  in  the  Journal  for  February,  1911, 
p.  203,  the  author  discusses  in  detail  the  three  essentials  for  performing  arti- 
ficial resoi'ration,  viz.: 

T — The  man  is  laid  upon  his  stomach,  face  turned  to  one  side,  so 
that  the  mouth  and  nose  do  not  touch  the  ground. 

11 — ^Tlie  operator  kneels,  straddling  the  patient's  hips,  or  kneels 
by  either  side  of  the  hips,  facing  the  patient's  head. 

TIT — The  operator  places  his  spread  hands  upon  the  lower  ribs  of 
the  patient  and  throws  his  own  body  and  shoulders  forward,  so  as 
to  bring  his  wei.ght  heavily  upon  the  lower  ribs  of  the  patient.  The 
operator's  downward  pressure  should  occupy  about  three  seconds, 
then  his  hands  are  suddenly  removed.  Squeezing  the  chest  in  this 
manner  forces  the  air  out  of  the  lungs.  On  release  of  the  pressure 
the  elasticity  of  the  chest  walls  causes  them  to  expand,  and 
the  lungs  are  refilled  with  fresh  air.  This  act  should  be  repeated  in- 
definitely at  the  rate  of  about  twelve  times  a  minute.  Any  evidence 
of  returning  breathing  should  encourage  the  operator  to  continue  his 
efiforts.     It  often  requires  one-half  hour  to  two  hours. 
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gangrene  to  demark  the  necrosed  tissues,  rather  than  resort  to  im- 
mediate amputations,  inasmuch  as  the  boundaries  of  the  damaged 
tissues  cannot  be  determined  immediately.  Burns  of  the  pahns 
which  to  the  uninitiated  seem  trivial  may  necessitate  the  amputa- 
tion of  the  hands,  due  to  necrosis  of  the  tendons. 

While  such  accidents  are  relatively  very  few,  yet  despite  all 
precautions  some  will  occur.  It  is  the  function  of  the  surgeon  to 
restore  the  victim  of  an  electrical  accident  to  normal,  and  not  en- 
tirely in  his  province  to  know  the  voltage  that  has  produced  the 
injury.  The  determination  of  the  source  and  the  probable  voltage 
and  amperage  of  the  accidental  contact  is  a  problem  for  the  elec- 
trical expert.  Yet  the  inquiry  as  to  what  current  is  liable  to  pro- 
duce a  fatal  result  is  important.  Unfortunately  the  records  avail- 
able are  quite  meagre,  and  the  various  opinions  as  to  what  consti- 
tutes a  dangerous  voltage  under  different  conditions  are  incon- 
sistent. 

This  outline  of  a  practical  method  of  treating  electrical  injuries 
is  submitted  to  emphasize  their  curability,  not  to  enable  the  injured 
to  be  their  own  physician;  the  skill  of  the  surgeon,  and  his  aseptic 
dressings  and  redressings,  are  essentiail  to  a  rapid  recovery.  It  is 
well,  however,  to  be  prepared  for  emergencies  by  having  on  hand 
certain  of  the  essential  curative  agents  referred  to  in  the  present 
discussion,  in  order  that  effective  first  aid  may  be  administered. 
This  is  especially  important  for  electrical  operators  in  localities 
remote  from  any  source  of  immediate  medical  assistance. 
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AN  EXCITER  SET  WITHOUT  VOLTAGE  ADJUSTMENT 

E.  T.  SILL 

DIRECT-CURRENT  motor-generator  sets  in  which  the  re- 
spective machines  operate  at  different  voltages  are  usually 
self-excited.  A  peculiar  case  of  trouble  arose  in  connec- 
tion with  such  a  set  as  a  result  of  the  shunt  field  circuits  of  the 
motor  and  generator  having  been  interconnected  by  mistake.  This 
motor-generator  was  installed  in  a  power  house  as  an  exciter  set 
for  two  turbo-generators  which  supplied  power  to  two  250  volt 
rotary  converters.  The  motor  of  the  set  received  its  power  from 
the  250  volt  direct-current  side  of  the  converters,  while  the  gen- 
erator delivered  power  to  the  exciter  bus-bars  at  125  volts.  The 
connections  for  the  exciter  set,  when  properly  connected,  are  shown 
in  Fig.  I. 

On  starting  the  outfit,  the  generator  gave  only   120  volts,  re- 
gardless of  its  field  rheostat.     This  rheostat,  which  had  a  resistance 
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FIG.    I — CONNECTION    DIAGRAM     FOR     MOTOR    GENERATOR    SET 

of  25  ohms,  was  accordingly  replaced  by  one  of  80  ohms  resistance; 
however,  but  little  variation  in  the  voltage  resulted.  As  120  volts 
was  satisfactory  for  the  excitation  of  the  turbo-alternator  fields 
under  ordinary  operation,  the  equipment  was  started  without  any 
immediate  attempt  at  solving  the  difficulty.  Later,  a  trouble  man 
was  detailed  to  investigate. 

A  voltmeter  connected  across  the  rheostat  terminals  R,  Fig.  i. 
indicated  no  voltage  drop  with  the  resistance  all  out,  and  as  the  re- 
sistance was  cut  in  it  indicated  a  rising  voltage,  up  to  140  volts ;  yet, 
the  voltage  obtained  at  the  generator  terminals  was  only  120  volts. 
The  voltage  between  the  field  side  of  the  rheostat  and  the  plus  termi- 
nal of  the  machine  was  then  measured.  This  should  have  given  the 
voltage  drop  in  the  shunt  field  windings  of  the  generator.     With  the 
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rheostat  resistance  all  cut  out  this  reading  was  120  volts,  and  as  the 
resistance  was  cut  in,  this  voltage  gradually  decreased  to  zero  and 
in  turn  rose  to  20  volts  in  the  opposite  direction  with  the  resistance 
all  in.  As  before,  the  terminal  voltage  remained  at  120.  An  am- 
meter was  then  inserted  in  the  field  circuit  adjacent  to  the  rheostat 
and  the  current  was  found  to  be  z.y  amperes  with  the  resistance  all 
out  and  1.7  with  full  resistance  in  circuit.  It  was  evident  from  this 
that  the  circuit  included  additonal  resistance  still  unaccounted  for. 
It  was  calculated  that,  to  give  the  voltage  drops,  as  measured,  with 
currents  as  indicated  by  the  ammeter,  the  total  resistance  of  the 
field  circuit  must  be  approximately  136  ohms,  and  that  an  impressed 
voltage  of  about  367  volts  must  be  involved.  As  the  available  volt- 
age from  the  generator  itself  was  only  120  volts,  and  as  it  was  noted 
that  the  sum  of  the  terminal  voltages  of  generator  and  motor  was 
370  volts,  interconnection  of  the  two  fields  was  suspected. 

When  a  shut-down  of  the  plant  gave  an  opportunity  to  trace 
out  the  field  circuits  by  means  of  a  magneto  testing  set,  it  was  found 
that  such  a  mistake  in  connections  actually  had  been  made  at  the 
switchboard.  The  wire  from  the  generator  field  had  been  con- 
nected to  the  motor  starting  switch  and  the  lead  from  the  motor 
field  had  been  connected  to  the  generator  rheostat. 

The  connections  as  made  resulted  in  an  excitation  of  the  motor 
such  that  it  operated  at  approximately  normal  speed  when  the  re- 
sistance of  the  rheostat  R  was  all  cut  out,  but  when  the  resistance 
was  all  in  circuit,  while  tending  to  decrease  the  generator  voltage,  it 
also  caused  the  motor  to  increase  in  speed  sufficiently  to  keep  the 
exciter  voltage  practically  constant.  The  noise  of  other  machines 
in  the  plant  allowed  the  change  of  speed  of  the  set  to  pass  un- 
noticed. 


MOTOR  TROUBLE  RESULTING  FROM  POOR  VOLTAGE 
REGULATION 

B.  B.  BRACKETT 
Professor  of  Electrical  Engineering:,  South  Dakota  State  College 

R.  LEONARD  WORK'S  experience,  as  related  in  the 
Journal  for  June,  191 1,  recalls  a  case  of  trouble  experi- 
enced with  a  two-phase  induction  motor,  which  would  not 
start  its  load  because  of  serious  fluctuations  of  voltage  at  the  source 
of  power.  A  municipal  plant  was  equipped  with  a  150  kw,  two- 
phase  generator,  direct-connected  to  a  hydraulic  turbine.  As  the 
main  load  consisted  of  arc  lamps  for  street  lighting  and  a  considera- 
ble incandescent  lighting  load  in  public  buildings,  it  had  not  been 
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considered  necessary  to  provide  an  automatic  governor  for  the 
hydraulic  turbine.  During  the  day  time  the  plant  was  nearly  idle; 
in  the  evening,  when  the  practically  constant  lighting  load  came  on, 
the  gates  were  opened  to  a  definite  point  by  means  of  a  hand  wheel, 
and  then  only  slightly  changed  as  the  conditions  might  demand. 
With  this  method  of  operation  no  trouble  had  been  experienced. 

It  was  thought  that  the  plant  might  profitably  be  used  in  the 
day  time  to  supply  power  to  a  nearby  stone  crusher.  Accordingly, 
a  suitable  motor  of  standard  make  was  purchased  and  installed.  But 
those  in  charge  found  that  they  could  not  make  the  machine  even 
start  the  crusher.  Some  "expert"  assistance  was  evidently  re- 
quired. 

The  connections  were  examined  and  found  to  be  correct.  The 
circuits  were  complete,  and  on  open-circuit  the  line  voltages  at  the 
motor  and  on  the  motor  side  of  the  starter  were  also  found  to  be 
correct.  With  the  belt  ofif  the  motor  started  satisfactorily  and  ran 
at  normal  speed.  However,  with  the  belt  on,  it  would  not  start,  al- 
though a  hand — such  as  should  have  been  greatly  exceeded  by  the 
motor  torque — pull  on  the  belt  was  sufficient  to  start  the  crusher. 
Every  attempt  to  start  the  motor  under  load  resulted  in  a  large 
drop  in  voltage  at  the  transformers  and  blowing  of  the  fuses,  and 
no  amount  of  care  in  handling  the  starter  would  prevent  these  re- 
sults. As  it  did  not  seem  possible  that  a  15  hp  motor,  even  under 
unfavorable  starting  conditions,  could  pull  down  the  voltage  of  a 
150  kw  generator,  attention  was  turned  to  the  source  of  power. 

Inquiry  at  the  power  station  made  the  reason  evident.  It  had 
been  customary,  during  the  day  time  to  keep  the  gates  all  but  closed, 
thus  preventing  the  generator  from  running  too  fast,  and  still  main- 
taining normal  voltage  on  the  lines.  Accordingly,  when  the  motor 
load  was  connected,  the  speed  and  voltage  of  the  generator  dropped 
very  rapidly,  and  in  ten  seconds  the  fuses  opened  the  circuit  and 
thus  restored  the  no-load  conditions.  The  attendant  at  the  power 
station  said  that  he  had  noticed  that  the  speed  dropped  several 
times  that  morning,  but  that  each  time,  before  he  got  to  the  gate 
wheel,  the  speed  came  back  to  normal. 

By  comparing  watches  with  the  attendant  and  instructing  him 
to  begin  to  open  the  gates  at  a  specified  instant,  the  motor  was  made 
to  start  its  load  at  this  pre-arranged  time  without  the  least  trouble. 
This  resulted  in  a  simple  code  of  signals  to  warn  the  attendant  when 
it  was  desired  to  start  or  stop  the  motor,  and  thus  the  station  and 
load  were  operated  together  as  well  as  could  be  desired. 
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591— Resistance  Racks  for  Loading 
Machines  on  Test — An  adjust- 
able resistance  device  for  furnish- 
ing testing  load  is  shown  in  Fig. 
591  (a).  The  sections  of  resist- 
ance or  lamps  can  be  connected  in 
series,  but  I  see  no  way  to  throw 
the  switches  so  as  to  get  more  than 


FIG.  591  (a) 

every  other  one  in  parallel.  I  as- 
sume that  the  double-throw,  single- 
pole  switches  are  arranged  to 
throw  to  the  right  or  left  from 
the  center.  If  it  is  possible  to  ob- 
tain a  connection  which  will  put 
all  lamps  in  parallel  please  explain. 

F.   G.   F. 

To  parallel  all  lamps,  assume 
that  the  switches  are  numbered  i,  2, 
3,  4  and  5.  By  throwing  switch  i  to 
the  right  and  switch  2  to  the  left,  two 
lamps  will  be  in  parallel ;  then  if 
switch  3  is  thrown  to  the  right,  three 
lamps  will  be  in  parallel  and  by 
throwing  switc/i  4  to  the  left  and 
switch  5  to  the  right,  all  five  lamps 
will  be  in  parallel.  w.  j.  b. 

592 — Sparking     Commutator  —  In 

spacing  brushes  on  a  direct-current 
machine  should  the  actual  space 
rather  than  the  number  of  bars  be- 
tween brushes  be  considered,  and 
why?  What  is  a  good  "eliminating 
process"  to  pursue  in  seeking  to 
eradicate  insistent  sparking  of  a 
rotary  converter?  d.  d.  p. 

Use  actual  space  rather  than 
number  of  bars  between  brushes  for 
the  reason  that,  if  there  is  any  varia- 
tion in  thickness  of  bars  or  mica,  the 
number  of  bars  between  brushes  will 
change    upon    rotating    the    armature 


somewhat  and  the  net  average  result 
will  not  be  obtained.  See  that  the 
brushes  are  properly  spaced,  that 
they  are  on  the  electrical  center  for 
average  load  carried,  that  they  fit 
the  commutator  and  are  lubricated 
regularly  by  applying  a  small  quanti- 
ty of  oil  to  the  commutator  by 
means  of  a  cloth.  Use  only  such 
brushes  as  are  recommended  by  the 
manufacturers  of  the  rotary  con- 
verter. Keep  the  commutator  and 
brushes  clean.  If  the  commutator  is 
rough  or  eccentric,  true  it  up  with  a 
tool  or  stone.  Operate  the  converter 
at  as  near  unity  power-factor  as  pos- 
sible. Investigate  whether  the  load 
exceeds  the  normal  rating  of  the 
machine.  The  wrong  brush  may 
possibly  have  been  specified.  In  case 
you  cannot  eliminate  the  difficulty,  it 
would  be  advisable  for  you  to  take 
the  matter  up  with  the  manufactur- 
ers of  the  machine,  giving  a  com- 
plete report  including  all  operating 
and  load  conditions.  j.  l.  y. 

593— Homopolar  Generators  —  a — 

Have  homopolar  generators  been 
used  commercially,  except  for  fur- 
nace work  and  as  exciters?  b — 
What  is  the  maximum  voltage  that 
can  be  generated  by  such  a  ma- 
chine? c — Have  they  ever  been 
used  as  motors? 

a — Yes.  This  is  covered  by  No.  379 
Feb.,  1910.  b — The  maximum  vok- 
age  is  limited  only  by  the  number  of 
collector  rings  that  can  be  used  and 
problems  of  insulation.  This  type  of 
machine  is  best  suited  to  large  capaci- 
ties or  very  low  voltages,  for  high 
speed  drive,  c — We  have  no  knowl- 
edge of  their  use  as  motors,  although 
they  could  probably  be  so  operated. 
(See  also  No.  379.)  w.  a.  d. 

594— Paralleling  of  Tviro  Separated 
Direct-Current    Generators, — The 

traction  system  of  this  company  is 
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supplied  with  power  by  a  350  kw 
motor-generator    set    connected    to 
the  2300  volt   circuit.    The   direct- 
current  side  is  compounded  for  720 
volts  at  full  load ;  the  voltage  at  no 
load  is  500.    The  company  proposes 
to  install  a  500  volt,  steam  driven 
direct  -  current      generator      com- 
pounded   for    constant    voltage    at 
the  power  plant.    The  generator  at 
the  power  plant  will  be  connected 
to   the   center   of   the   traction   line 
at   the    same   point   as    the   motor- 
generator  set  through  2000  feet  of 
No.  00  copper.     Will  these  genera- 
tors work  in  parallel  ?  r.  k.  f. 
Probably     not,     because    at    the 
point  of  feeding  into  the  system  from 
the  two  generators,  the  voltage  sup- 
plied by  the  350  kw  machine  will  be 
much  higher  than  that  from  the  pro- 
posed   500    volt    generator,    and    this 
machine  will  tend  to  drive  the  other 
as   a   motor.     For  parallel   operation 
in    this    case    the    350    kw    machine 
should  have  its  regulation  changed  so 
that  it  will  give  500  volts  at  no-load 
and  500  volts  at   full-load.     The  re- 
quirement   for    parallel    operation    in 
such  cases   is  a   drooping  character- 
istic on  all  machines,  i.  e.,  the  voltage 
should  fall  off  slightly  as  the  load  in- 
creases.   This  may  be  obtained,  if  the 
machines  are  close   together,  by  ad- 
justing   their    compounding    so    that 
the    voltage    at    full-load    shall    be    a 
little  less  than  at  no-load ;  or,  if  the 
machines  are  some  distance  apart,  as 
in    the    present    case,    the    machines 
themselves   can  be   given   a  constant 
potential  characteristic,  the  necessary 
droop  in  voltage  being  given  by  the 
drop  in  voltage  in  the  feeder  wires. 

w.   A.   D. 

595 — Effect  of  Field  Adjustment  on 
Current  of  Alternators — Several 
belt-driven  alternators,  three-phase, 
2300  volts,  feed  directly  into  a 
transmission  line.  No.  2  alternator 
is  a  50  ampere  machine,  driven  by 
a  small  Corliss  engine.  It  is  possi- 
ble by  adjusting  the  field  rheostat 
of  this  machine  to  reduce  the  cur- 
rent shown  by  its  ammeters  to 
zero.  When  so  adjusted,  the  sum 
of  the  readings  of  the  other  ma- 
chines is  but  slightly  greater  than 
the  total  current  leaving  the  sta- 
tion.    Cutting  out  the  field  resist- 


ance of   No.  2  entirely  will  cause 
its  ammeters  to  read  30  amps  per 
phase,  but  the  currents  of  the  other 
machines    in    parallel    with    it    in- 
crease  correspondingly,   i.    e.,   their 
total    is    30    amperes    greater    than 
before.      Apparently    No.    2    is    de- 
livering   no    power    whatever,    and 
altering    the    field    strength    simply 
heats    up    all    machines    the    more, 
by   setting   up   30  amperes   of   cur- 
rent, 90  degrees  out  of  phase,  be- 
tween the   machines.     Is   this   cor- 
rect? R.    K.    F. 
When     alternators      operate     in 
parallel,  the  distribution  of  load  be- 
tween   the    several    generators    will 
depend  upon  the  relative  speed  reg- 
ulation   of   their    prim.e    movers,    not 
upon  the  amount  of  resistance  in  the 
different  field  windings.    Unless  the 
speed    is    adjusted    while    the    field 
strength  is  being  changed,  the  arma- 
ture   current    cannot    be    reduced    to 
zero.     In  case  the  field  resistance  of 
one  of  the  generators  is  entirely  cut 
out,   a   wattless   current   will   flow   in 
the     armature     of     that     generator, 
thereby   tending   to   keep    its   voltage 
the   same   as  that  of  the  other  gen- 
erators, in  which  case  the  other  ma- 
chines   must    furnish    this    wattless 
current.      The     assumptions     of     the 
question   therefore   are   correct. 

E.  M.  0. 

596 — Refusal  of  Two-Phase  Induc- 
tion  Motors  to   Reverse — It   has 

been  observed  that  at  times  a 
squirrel-cage  induction  motor  will 
not  reverse  its  rotation  when  the 
current  in  one  of  its  phases  is  re- 
versed, but  instead  will  slow  down, 
and  continue  to  rotate  in  the  same 
direction,  at  a  certain  definite 
speed.  The  following  is  an  ex- 
ample :  A  30  hp,  220  volt,_  I  24s 
r.p.m.,  two-phase,  66  cycle  induc- 
tion motor  is  running  light,  and 
120  volts,  two-phase,  is  applied  to 
its  terminals,  so  as  to  reverse  its 
rotation.  However,  it  merely  slows 
down  to  410  r.p.m.,  drawing  244 
amperes  per  phase,  and  developing 
an  appreciable  torque.  Will  you 
please  give  an  explanation  of  this 
action  of  the  motor?  H.  b.  d. 

The  reason  for  this  action  is  not 
positively  known.  It  has  been  proven 
repeatedly,  however,  that  the  torque 
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due  to  the  third  harmonic  currents 
operates  in  a  counter  direction  to  the 
main  torque.  When  the  connections 
are  reversed  the  main  torque  tends  to 
reverse  the  motor  while  the  torque 
due  to  the  third  harmonic  current 
tends  to  keep  it  rotating  in  the  same 
direction  at  one-third  speed.  If  the 
motor  characteristics  are  such  as  to 
favor  third  harmonics  this  counter 
torque  may  be  of  sufficient  magni- 
tude to  prevent  the  main  torque  from 
reversing  the  motor,  especially  as  the 
main  torque  under  the  conditions  of 
reversing  is  relatively  small.  The  ac- 
tion is  more  apt  to  occur  with  two- 
phase  motors,  as  the  higher  har- 
monics are  more  liable  to  be  pro- 
nounced. Sometimes  two-speed  mo- 
tors do  not  come  up  to  speed  on  ac- 
count of  this  same  counter-action 
effect  of  the  third  harmonics,  the 
cause  probably  being  that  they  are 
wound  with  rather  small  coil  throw 
(pitch),  which  again  favors  the 
higher  harmonics.  r.  e.  h. 

597 — Cross-Connections  on  Arma- 
ture— What  are  the  advantages 
of  cross-connected  commutators? 
When  are  they  used?  h.  d. 

Cross-connections  are  used  on 
armatures  that  have  a  multiple  or  a 
series-parallel  winding.  They  are 
not  necessarily  made  on  the  com- 
mutator but  may  be  made  also  at 
the  rear  end  of  the  armature,  con- 
nected directly  to  the  armature  coils. 
On  a  multiple  wound  armature,  the 
armature  coils  lying  between  two  ad- 
jacent brush  arms  are  influenced 
only  by  two  main  poles ;  when,  on 
account  of  dissymmetry  in  the  mag- 
netic system,  the  air-gap  densities 
under  these  two  poles  are  different 
from  those  under  other  poles,  then  a 
voltage  will  be  generated  between 
these  two  brush  arms  different  from 
that  on  the  other  armature  circuits, 
causing  the  brush  arms  of  the  same 
polarity  to  receive  different  poten- 
tials which  will  make  an  additional 
current  flow  through  brushes  and 
brush  holder  connections.  These 
additional  currents  will  overload  the 
brushes  and  may  cause  sparking,  and 
will  heat  the  commutator.  In  mak- 
ing cross-connections  between  points 
of  the  armature  winding  that  have 
the   same  potential    (the   number   of 


points  of  the  same  potential  on  a 
multiple  wound  armature  is  equal  to 
the  number  of  pole  pairs)  these  addi- 
tional currents  will  flow  through  the 
cross-connections  instead  of  through 
the  brushes,  which  obviously  will  im- 
prove the  operation  of  the  machine. 
However,  the  principal  improvement 
is  due  to  the  fact  that  additional  cur- 
rents, flowing  through  the  cross-con- 
nections and  the  sections  of  the  arm- 
ature winding,  are  alternating 
currents  which  lead  or  lag  with 
respect  to  the  magnetic  fields, 
and  which  therefore  exert  magnetiz- 
ing or  demagnetizing  effects  on  the 
fields.  These  currents  always  flow 
in  such  a  direction  as  to  strengthen 
the  weaker  poles  and  weaken  the 
stronger  ones.  In  consequence  of 
this  equalization  of  the  pole  strengths 
the  voltages  of  the  armature  circuits 
are  equalized  also,  so  that  they  can 
all  deliver  approximately  their  share 
of  the  working  current.  a.  b. 

598— Three  vs.  Two  Wattmeters 
for  Measurement  of  Power- 
Three-phase  power  can  be  meas- 
ured with  two  integrating  watt- 
meters and  three  integrating  watt- 
meters. Therefore  the  sum  of  the 
speeds  of  the  two  wattmeters  must 
be  equal  to  the  sum  of  the  speeds 
of  the  three  wattmeters  on  the 
same  circuit,  i.e.,  any  one  of  the 
two  wattmeters  must  be  running 
faster  than  any  one  of  the  three. 
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How  do  you  prove  this  by  means 

of  the  sine  wave  diagram?      J.h.j. 

In    measurements    involving    three 

wattmeters,  different  connections  are 

used   for  the  meters  than  with  two 
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wattmeters  and  different  voltages  are 
applied  on  the  potential  coils.  When 
measuring  power  with  two  meters, 
the  connections  shown  in  Fig.  598  (a) 
give  phase  relations  as  shown  in  Fig. 
598  (b),  in  which  OA  =  current  in  A, 
be  =  current  in  C,  AB  —  e.m.f. 
across  lines  A  and  B,  and  BC  = 
e.m.f.  across  lines  B  and  C.  On 
meter  No.  i,  current  =  0/i  and  e.m.f. 
=iAB,  on  meter  No.  2.  current  =  0C 
and  e.m.f.=5C".  With  three  watt- 
meters, connection  is  made  to  the 
neutral,  as  shown  in  Fig.  598  (c).  In 
this  case  the  phase  relations  are,  OA 
[Fig.  598  (b)]  "  current  and  poten- 
tial on  meter  No.  /;  05  =  current 
and  potential  on  meter  No.  2;  OC  z= 
current  and  potential  on  meter  No. 
3.  It  can  be  seen  that  OA  is  smaller 
than  AB  and  therefore  the  meter 
connection  with  current  OA  and 
voltage  OA  (three  meter  method) 
runs  slower  than  the  meter  con- 
nected with  current  OA  and  voltage 
AB.  At  unity  power-factor  the  lat- 
ter will  be  just  50  percent  more  than 
the  former.  Similar  relations  hold 
in  the  case  of  the  meters  connected 
with  current  OC  and  e.m.f's.  OC  and 
BC.  A.w.c. 


599 — Single-Phase  Motor  Cars  in 
Operation — Recently  a  statement 
was  made  that  in  the  service  of  the 
New  Haven  road,  no  motor  cars 
were  being  used,  all  traffic  being 
carried  on  by  the  electric  locomo- 
tives and  trailer  cars.  The  speaker 
further  stated  that,  as  far  as  he 
knew,  no  cars  of  the  motor  type, 
such  as  are  used  on  the  Inter- 
borough  direct-current  lines,  have 
yet  been  built  for  the  high  tension 
alternating-current  system.  Is  this 
so?  The  reason  I  ask  is  because  I 
have  an  idea  that  there  is  a  single- 
phase  system  running  'up  the  Napa 
Valley  in  California  which  uses 
these  cars.  Will  you  kindly  inform 
me  whether  they  did  or  are  using 
motor  cars  on  their  alternating- 
current  system  and,  if  not,  are  such 
cars  being  successfully  used  else- 
where? w.  F.  B. 
Two  years  ago  it  was  true  that 
no  multiple-unit  tvpe  of  care  were  00- 
erated  on  the  N.  Y..  N.  H.  &H.  R.  R. 
The  New  Haven  has  multiple-unit 
cars  in  operation  on  the  New  Canaan 


branch,  also  one  train  on  the  main 
line  between  Stamford  and  New 
York.  They  have  ordered  more 
equipment.  Practically  all  of  the 
single-phase  roads  operate  cars  on 
the  multiple-unit  system.  In  some 
cases  they  run  with  one-car  trains, 
but  can  couple  as  many  as  desired  in 
a  single  train.  The  Chicago,  Lake 
Shore  &  South  Bend  R.  R.  operated 
a  train  of  eleven  cars  last  summer. 
Multiple-unit  trains  can  be  operated 
as  readily  on  a  single-phase  rail- 
road as  on  any  direct-current  roads. 
The  Vallego,  Benica  and  Napa  Val- 
ley 3  300  Volt  Railway  is  described 
in  the  Journal  for  Nov.,  1906,  p. 
657.  N.  w.  s. 

600     Condenser     Located    at    Dis- 
tance from  Engine — What  loss  in 
efficiency     would     result     through 
operating    a    22  and  44  by  42  inch 
engine    with    baromc'ric  type   con- 
denser   located   80    feet    from    low 
pressure    cylinder,    instead    of    ad- 
jacent  thereto?     The   pipe    is    run 
horizontal,  is  free  from  bends  and 
is  the  same  size  throughout.     The 
air    pump    is    located    at    the    con- 
denser. J.  B.  A. 
The  reduction  in  vacuum  result- 
ing from  long  pipe  connections  can- 
not be  established  readily.     It  would 
be  a  safe  assumption,  however,  to  al- 
low  approximately   one-half   to   five- 
eighths  inch  loss  in  a  straight  run  of 
eighty    feet,    providing    the    line   was 
well  built  and  made  air  tight.     The 
efficiency    of    the    compound    engine 
would   be    effected    in    the    neighbor- 
hood of  one  percent.  e.  d.  d. 

601— Use    of    V3    in    Three-Phase 
Calculations — Please  explain  why 
the  constant  1.732  (=  a/  3)  is  used 
in  three-phase  calculations?    c.  a.  t. 
This  constant  enters  into  the  re- 
lation between  the  voltage  or  the  cur- 
rent   measured    in   the    line   and   the 
voltage  or  current  actually  present  in 
the   windings    of    a   three-phase    ma- 
chine.    If  the  machine  is  Y-connect- 
ed,  then  evidently  the  current  in  the 
line  and  the  current  in  the_  winding 
is  the  same,  since  both  are  in  series. 
The   voltage   between   any   two   lines, 
however,    i  s     the     resultant     voltage 
from  the  two  phases  between  these 
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lines,  so  that  if  the  voltage  from  a 
terminal  to  the  neutral  point  of  the 
Y  is  equal  to  V,  then  the  voltage  of 
any  two  phases  can  be  shown  to  com- 
bine to  (V  +  V)  X  cos  30  degrees 
=V  X  V  3,  which  is  the  voltage  meas- 
ured between  the  lines.  If  again,  the 
machine  is  delta-connected,  the  volt- 
age between  lines  is  the  same  as  the 
voltage  of  each  phase  in  the  machine, 
but  here  the  current  of  any  two 
phases,  say  each  =  C,  will  combine  to 
=  ^C  +  C)  X  cos  30  degrees  =Cx 
-\/  3  =  current  in  the  line.  H.  l.  b. 

602 — Single   Alternating    -    Current 
Conductor  in  Iron  Conduit — The 

National     Board    of     Fire    Under- 
writers prohibit  the  installation  of 
a   single  alternating-current  carry- 
ing conductor   in   an   iron   conduit. 
Is    this    because    of    possible    pro- 
hibitive   impedance   loss    caused   by 
self-induction,    eddy  currents,    etc., 
or    the    mutual    induction    between 
pipe   and   conductor,   thereby   caus- 
ing   a    difference    of    potential    be- 
tween  the   two?     Will   the   placing 
of    a    lead    sheath    about    the    con- 
ductor   before    its    installation    in 
the    pipe    do   away   with   the    diffi- 
culty, and  if  so,  why?  H.  D.  A. 
The   Associated   Factory  Mutual 
Fire    Insurance    Companies'    edition 
or   the    National   Electrical   Code,   to 
which    the    inquiry    refers,    contains, 
under    Rule   24-p,    the    following   ex- 
planation   of    the    reason    for    pro- 
hibiting the   running   of  a   single   al- 
ternating-current  cable   in   iron   con- 
duit: 

"With  alternating-current  sys- 
tems, if  the  wires  of  the  same  cir- 
cuit are  in  different  iron  conduits, 
there  will  be  trouble  from  induct- 
ive losses,  and  under  certain  condi- 
tions the  conduits  may  become  dan- 
gerously heated.  This  trouble  dis- 
appears if  the  two  or  more  wires  of 
the  same  circuit  are  drawn  into  the 
same   conduit." 

The  above  sets  forth  clearly 
the  reason  for  the  requirement  un- 
der rule  24-p.  The  addition  of  lead 
covering  would  not  obviate  the  dif- 
ficulty  in   any   way.  c.  e.  s. 

603 — Tinning     Carbon     Brushes  — 

Please    indicate   proper   method   of 
tinning    carbon    brushes,    or    pre- 


paring   them    for    tinning,    for    the 
purpose  of  attaching  "pig  tails." 

G.  K.  M. 

In  order  to  tin  carbon  brushes 
satisfactorily,  they  must  first  be  cop- 
per-plated. The  plating  may  be 
done  by  cleansing  the  brushes  thor- 
oughly in  benzine,  then  in  hot  water, 
and  then  placing  them  hi  a  copper- 
plating  solution  made  up  in  the  pro- 
portion of  one  and  one-half  pounds 
copper  sulphate,  four  ounces  sul- 
phuric acid  and  one  gallon  of  water, 
which  should  make  a  solution  hav- 
ing a  specific  gravity  of  practically 
15  degrees  Baume.  The  plating 
voltage  may  vary  over  some  range, 
but  should  be  at  such  a  rate  as  to 
give  a  good,  even  and  dense  coat- 
ing. After  plating,  the  brushes 
should  be  washed  in  hot  water, 
dried  in  sawdust;  they  may  then  be 
tinned  on  the  plated  part  in  the  same 
manner  as  any  other  copper  or  cop- 
per-plated material.  c.  e.  s. 

604 — Effect  of  Speed  on  Efficiency 
and  Life  of  Motor-Generator  Set 

— Please   state   advantages    or   dis- 
advantages   as    regards    operation, 
efficiency    and    life    of    a    300    kw 
synchronous    moter-generator    set, 
designed    for   900    r.p.m.    compared 
with  one  designed  for  operation  at 
a  speed  of  720  r.p.m.     The  set  in 
question    consists    of    a    2  200   volt, 
three-phase  synchronous  motor,  di- 
rect-connected   to    a    250   kw,    125 
volt  direct-current  generator  e.w.b. 
With  the  speeds  in  question,  the 
difference    in    efficiency    and    life    of 
the  two  sets  would  hardly  be  meas- 
ureable.      When    an    extremely    high 
speed  is  compared  with  an  extreme- 
ly   low    speed,    there    is    undoubtedly 
some  difference  in  favor  of  the  lower 
speed  set  in  both  respects.  f.  d.  n. 

605— Installation  of  Tirrill  Regu- 
lator—Please give  method  of 
equipping  a  three-phase  generator 
with  a  Tirrill  regulator,  i.  e.,  the 
correct  procedure  for  connecting  a 
machine  to  the  switchboard  for 
the  first  time?  s.  w.  K. 

Have  the  exciter  and  alternat- 
ing-current generator  operating  con- 
nected to  their  bus-bars,_  with  alter- 
nating-current feeder  switches  open; 
if  these  conditions  cannot  be  obtain- 
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ed,  then  the  equivalent  must  be  pro- 
duced. With  the  switches  all  closed 
for  running  condition,  except  on 
regulator,  and  the  resistence  all 
turned  out  of  the  alternating-current 
generator  field  rheostat  raise  the  al- 
ternating-current voltage  to  its  no- 
load  value,  and  if  the  regulator  is 
for  a  125  volt  exciter  and  the  ex- 
citer voltage  is  less  than  70  volts  it 
should  be  raised  to  that  voltage  by 
turning  sufficient  resistance  into  the 
generator  field-rheostat  to  give  nor- 
mal voltage  on  the  alternating-cur- 
rent generator  with  70  volts  on  the 
exciter;  the  position  of  the  rheostat 
handle  should  then  be  marked.  If 
more  than  70  volts  on  the  exciter  is 
required  to  give  the  normal  no-load 
voltage  then  the  alternator  field 
rheostat  sho.ild  be  left  all  turned 
out.  The  above  is  all  to  be  done  un- 
der normal  speed  conditions.  With 
adjustments  as  above  and  normal  al- 
ternating-current voltage  and  70 
volts  on  the  exciter,  put  the  regula- 
tor into  service  after  it  has  been  ad- 
justed to  the  normal  alternating-cur- 
rent voltage  by  counter-weight,  etc., 
then  connect  the  exciter  rheostat  in, 
whereupon  the  regulator  should  hold 
the  voltage  at  normal ;  then  open  the 
rheostat  shunt  circuit  switch  on  the 
regulator  and  time  the  voltage  drop ; 
the  opening  and  closing  of  this 
switch  should  be  repeated.  Each 
time  let  the  alternating-current  volt- 
age become  normal  and  keep  turning 
in  at  each  trial  a  little  of  the  exciter 
field  resistance  until  the  time  re- 
quired for  the  alternating-current 
voltage  to  drop  from  normal  to  a 
point  65  percent  below  normal  is 
about  seven  seconds.  The  exciter 
field  rheostat  should  be  marked  at 
this  point  so  that  it  can  always  be 
turned  to  the  same  point  in  practice, 
without  causing  fluctuations  in  the 
voltage.  The  above  tests  and  adjust- 
ments should  be  made  on  all  genera- 
tors and  exciters  operating  in  paral- 
lel. For  paralleling  exciters,  with  all 
adjustments  made  as  above,  make  the 
voltage  of  exciter  to  be  put  in  service 
equal  to  that  of  exciter  service,  then 
close  the  exciter  switch  to  bus-bars 
after  which  close  the  rheostat  shunt 
circuit  switch  on  regulator,  then  turn 
exciter  field  rheostat  to  the  marked 
running    point,    and    if    necessary    to 


equalize  the  load  between  exciters, 
do  so  by  means  of  the  equalizing 
rheostat.  The  paralleling  operation 
for  two  or  more  alternators  is  'as 
usual.  Make  voltage  of  generator  to 
be  put  into  service  equal  to  voltage 
of  generator  already  in  service,  then 
synchronize  and  close  main  switch  to 
bus-bars,  and  turn  generator  field 
rheostat  to  its  marked  running  point, 
and  equalize  the  loa  1  or  cross-cur- 
rent if  necessary  by  adjusting  the 
governors  of  the  prime-movers,  .a.a.t. 

606 — Decomposition  of  Lead  Con- 
duit    Imbedded     in     Cement — A 

contractor  recently  installed  the 
lighting  wiring  for  a  large  statute, 
which  comprised  four  clusters  of 
lamps.  Two-conductor  lead  cov- 
ered cable  was  carried  up  to  the 
side  of  the  pedestals,  and  from 
this  point  to  the  respective  groups 
of  lamps  it  was  imbedded  in  ce- 
ment. This  installation  was  in  but 
a  short  time  when  a  short-circuit 
developed  which  necessitated  tear- 
ing down  the  installation  to  locate 
the  trouble.  It  was  found  that  the 
lead  covering  on  the  cable  where 
the  wire  came  in  contact  with  the 
cement,  was  completely  decom- 
posed and  the  insulation  on  the 
cable  was  partially  eaten  away, 
causing  a  short-circuit.  The  lead 
covering  was  converted  into  a  red- 
dish powder  which  presumably  was 
oxide  of  lead.  What  is  your  ex- 
planation of  the  action  which  took 
place?  _     c.  V.  A. 

There  is  nothing  in  ordinary  ce- 
ment which  would  cause  the  deterior- 
ation mentioned.  The  red  powder 
found  in  this  particular  case  was  evi- 
dently red  lead  which  is  an  oxide 
and  which  must  have  been  formed 
in  the  presence  of  considerable  heat 
and  a  limited  amount  of  oxygen. 
The  complete  oxidation  would  give 
litharge  in  place  of  the  red  oxide.  It 
is  likely  that  the  short-circuit  de- 
veloped through  some  injury  or  de- 
terioration of  the  insulation  of  the 
cable,  and  that  the  production  of  lead 
oxide  was  a  result  and  not  the  cause 
of  the  short-circuit.  c.  e.  s. 

607 — Current  in  Generator  Bear- 
ings— A  two-bearing  type  ot 
waterwheel   generator   with   water- 
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wheel  over-hung  was  discovered  to 
have  current  flowing  in  its  shaft 
and  bearings.  This  ran  at  times  as 
high  as  90  amperes.  This  condition 
has  been  noted  in  other  plants  at 
different  times  in  the  past,' but  no 
one  seems  to  be  able  to  give  a 
definite  reason  for  its  existance. 
Why?  _  _  c.  E.  H. 

This  condition  has  been  noted  on 
a  large  number  cf  electric  generators. 
In  general,  the  larger  the  size  and 
capacity  of  the  generator  the  greater 
is  the  tendency  for  current  to  flow 
through  the  bearings.  The  cause  of 
this  is  undoubtedly  due  to  the  fact 
that  the  shaft  of  the  generator  carry- 
ing the  rotating  field  acts  to  a  cer- 
tain extent  as  a  single  turn  of  a  mag- 
neto-electric generator,  the  return 
current  being  through  the  bearings, 
pedestals  and  bed-plate.  So  far  as 
can  be  determined,  the  cause  of  the 
electro-motive  force  appearing  in  this 
circuit  composed  of  shaft,  pedestals 
and  bed-plates,  is  some  small  dissym- 
metry of  the  magnetic  conditions  in 
the  machine,  this  dissymmetry  being 
either  in  the  field  magnetic  circuit  or 
the  armature  magnetic  circuit  or 
both.  In  small  machines  this  has  not 
been  sufficient  to  give  rise  to  any 
difficulties;  however,  in  large  ma- 
chines it  has  in  a  few  instances 
caused  certain  difficulties  with  bear- 
ings. It  has  been  found  impossible 
to  build  the  magnetic  circuits  of  gen- 
erators with  sufficient  symmetry  to 
be  sure  that  there  will  be  no  electro- 
motive force  of  this  kind.  As  a  con- 
sequence, the  best  remedy  to  apply 
when  this  occurs  is  to  interpose  an 
insulation  in  the  circuit  through 
which  the  current  must  flow.  The 
best  point  to  introduce  this  resist- 
ance is  usually  at  the  foot  of  one  or 
both  of  the  pedestals  carrying  the 
bearings.  The  electro-motive  force 
introduced  in  the  shaft  circuit  is  ex- 
tremely small  but  on  account  of  the 
large  section  of  shaft,  pedestals,  etc., 
this  small  electro-motive  force  may 
cause    considerable    current    to    flow. 


The  remedy  of  introducing  insulation 
into  the  shaft  circuit  has  been  found 
to  be  a  satisfactory  one.  Usually  this 
current  must  be  comparatively  large 
before  any  harmful  effects  are  ob- 
tained, p.  M.  L. 


CORRECTIONS 

In  table  I.  of  the  article  on  "Rela- 
tion of  Load  to  Station  Equipment," 
in  the  July,  191 1,  issue,  p.  626,  the 
words  "with"  and  "without"  in  the 
first  two  items  should  be  inter- 
changed. 

In  the  answer  to  No.  578,  July, 
191 1,  on  "Reversal  of  Wattmeter," 
the  first  word  in  the  eighth  line  of 
the  answer  should  be  "lagging"  in- 
stead of  "leading."  Through  an 
oversight  this  answer  was  given  with 
the  understanding  that  the  circuit 
broken  at  A  was  the  shunt  circuit 
of  the  meter  and  not  the  line  itself. 
If  the  main  power  line  is  opened  at 
A,  the  result  is  single-phase  power, 
and  the  meter  will  therefore  always 
rotate  in  a  forward  direction.  This 
method  of  opening  one  of  the  main 
power  lines  is  often  used  in  check- 
ing polyphase  connections,  for  the 
simple  reason  that  when  the  con- 
nections are  correct,  this  will  be  in- 
dicated by  the  fact  that  the  meter 
rotates  in  the  forward  direction. 

Attention  has  been  called  to  a 
slight  error  in  calculation  in  connec- 
tion with  the  answer  to  No.  549, 
May,  191 1.  With  the  figures  for 
current  given,  it  should  be  noted 
that  the  cables  will  be  overloaded; 
although  the  question  does  not  con- 
cern their  carrying  capacity.  Also 
beginning  with  the  twentieth  line, 
the   answer   should   read   as    follows : 

"This  gives  reactance  volts  for  the  cable 
equal  to  26.7,  and  resistance  volts  equal 
28,  which  means  a  regulation  of  26.7X0.6 
-|-28.X0.8  =  38.4  volts.  The  transmitting 
voltage  would  be  538.4  and  the  percent 
regulation  38.4-=-538.4=:7.15  percent,  very 
much  better  than  10  percent.  Then  further 
on  in  the  answer,  5.1  percent  would  become 
8.1  percent  regulation,  and  2.8  percent 
would   become   4.4    percent." 
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The  article  by  Mr.  Dreyfus  on  "Steam  Turbines 
Development    for    Electric    Stations    of    Moderate    Size"    is    of 
of  the  more   than   usual   interest.     As   the  steam   turbine 

Small  Steam    has    substantially    displaced    the    reciprocating    en- 
Turbine  gine  in  the  larger  stations,  it  seems  but  a  logical 

step  for  it  to  find  equally  profitable  adaptation  in 
the  smaller  plants.  Within  the  past  two  years  a  full  line  of  sizes 
has  been  developed  for  the  operation  of  both  alternating  and  direct- 
current  generators.  It  has  required  a  good  deal  of  time  to  bring 
about  this  result.  In  the  direct-current  units  it  was  necessary 
to  harmonize  the  turbine  and  generator  speeds,  maintaining  safe 
limits  of  mechanical  design  and  achieving  also  efliciencies  which 
would  fall  well  within  the  standards  of  good  practice.  In  the  al- 
ternating-current units  there  was  the  one  obstacle  of  achieving  eco- 
nomical operation  of  the  turbine  in  small  sizes  at  the  speeds  fixed 
by  the  frequencies  employed. 

Companies  having  stations  of  moderate  size  with  units  of 
from  one  hundred  to  five  hundred  kilowatts  may  now  avail  them- 
selves of  the  advantages  which  the  steam  turbine  has  brought  to 
the  larger  plants.  In  a  greater  degree,  perhaps,  may  they  enjoy 
the  advantages  of  simplicity  and  greater  reliability,  for  the  smaller 
station  with  its  many  duties  falling  upon  the  one  managing  head, 
must  essentially  be  free  in  its  daily  work  from  operating  complica- 
tions and  mechanical  difficulties.  In  the  absence  of  the  facilities 
that  exist  in  the  large  stations,  the  power  plant  itself  must  be 
as  free  from  trouble  as  it  is  in  the  nature  of  machinery  to  be. 
And  when  in  the  steam  turbine,  this  quality  is  combined  with  the 
many  other  features  that  have  made  the  large  turbine  such  an 
economic  success,  we  may  expect  henceforth  to  witness  its 
extended  use  in  the  smaller  plants. 

E.   H.   Sniffin 
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\\'hen  the  Engineering  Societies  Building  was  dedi- 
The  cated  four  years  ago  gold  medals  were  presented 

A.  I.  E.  E.  to  the  Secretaries  of  the  three  founder  societies 
Secretary  each  of  whom  had  held  the  office  for  about  twenty- 
five  years.  Since  that  time  Prof.  Hutton  of  the 
Mechanical  Engineers  ceased  to  he  Secretary  when  he  was  made 
President  of  the  Society:  Dr.  Raymond  of  the  Mining  Engineers 
has  retired  from  active  secretaryship,  and  now  Air.  Voyie  of  the 
Electrical  Engineers  has  resigned  and  has  heen  made  Honorary 
Secretary.  The  engineering  profession  owes  a  debt  of  gratitude  to 
them  for  the  important  i>art  which  they  ;md  the  societies  to  which 
they  gave  the  Ijest  years  of  their  lives  have  had  in  the  engineering 
advancement  of  the  past  quarter  century. 

When  Air.  P\jpe  began  work  in  the  electrical  held  with  the 
Hughes  printing  telegraph  in  1858.  the  Pacinnotti  ring  and 
the  Gramme  armature  had  not  yet  l)een  invented.  Dynamic 
electricity  as  we  now  know  it  was  yet  unborn.  When  he  l)ccame 
secretary  of  the  Institute  in  1884.  the  incandescent  lamp  and  the 
electric  motor  were  in  the  first  few  years  of  their  commercial  ap- 
plication and  the  ])resent  essenti.al  features  of  the  alternating-cur- 
rent system  were  unknown. 

The  substantial  growth  of  the  Institute  is  itself  the  l)est  testi- 
monial to  the  success  of  Mr.  Pope's  life  effort.  The  Institute  has 
been  his;  it  has  received  his  best  thought,  his  best  service,  his 
best  devotion  and  those  of  us  who  have  been  privileged  to  come  into 
closer  relations  with  the  Institute  management  have  almost  come 
to  regard  Mr.  Po])e  as  the  i)ersonal  e  ubodiment  of  the  Institute; 
others  have  come  and  gone,  he  has  remained.  In  the  future  he  will 
fortunately  continue  to  serve  the  sections  ruid  branches,  now  num- 
bering over  60,  the  outcome  in  a  large  measure  of  his  foresight, 
confidence  and  fostering  care. 

The  Institute  has  reached  a  i)lace  where  those  entrusted  with 
its  management  may  well  take  deep  thought  as  to  its  future.  New 
problems  and  larger  responsibilities  are  confronting  the  electrical 
engineering  profession.  The  need  for  the  kind  of  professional  co- 
operation which  such  a  society  affords  increases,  and  on  the  other 
hand  the  opportunities  for  aiding  in  the  development  of  efficient 
engineers  and  engineering  methods  have  become  larger.  As  the 
Institute  is  now  an  organization  of  over  seven  thousand  members 
with  an  income  of  nearly  one  himdred  thousand  dollars,  it  has  be- 
come a  greater  and  greater  tax  upon  the  time  and  energies  of  the 
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President  to  take  the  initiative  and  direct  its  wide  activities,  par- 
ticularly since  this  office  is  conducted  in  addition  to  regular  profes- 
sional duties.  Hence,  it  may  well  he  considered  whetiic  the 
Secretary  of  the  Institute  should  not  he  a  man  who  can  not  only 
counsel  with  and  carry  out  the  policies  of  the  President  and 
the  Board  of  Directors,  hut  who  will  himself  he  aljle  to  deal  con- 
structively with  the  large  professional  and  engineering  i)r(>hlems 
which  now  fall  witliin  its  scope.  There  are  also  other  progressix-e 
relations  in  which  the  Institute,  as  representing  an  important  part 
of  the  engineering  world,  should  take  a  larger  constructive  ])art  in 
the  shaping  of  those  ])uljlic  and  national  i)(;licies  which  involve  en- 
gineering affairs  and  in  which  sound  engineering  is  essential.  It  1- 
a  situation  in\-olving  new  conditions,  reciuiring  new  policies  and 
calling  for  new  men.  It  is  no  retlcctiun  upon  the  ])ast  to  l)elie\-e 
that  the  futui'e  has  still  larger  things  in  store.  Surjjrising  progress 
has  already  l)een  made.  Put  we  have  not  reachetl  the  saturation 
point  in  our  cur\'e  of  ])rogress  and  it  may  retjuire  new  ideas  and  re- 
newed activity  to  maintain  effectively  the  tjnward  muvement. 

Chas.   h\  Scott 


The  illustrations  accom])anying  the  article  1)>'  Mr. 

Gauging         Clewell,  in  the  present  issue  of   the  Jork.\.\L,   af- 

lllumination  by  ford    an    unusual    i)i)])ortunity    for    co  -  ]  rii-ing    the 

Photographs     results  produced   on   a   photographic  jilate   hy   ^■a- 

rious  light  sources  since  they  include  examples 
taken  hy  tungsten  lamps,  mercury  vapor  Lamps,  flaming  arc  lanr  s, 
and  hy  daylight.  As  is  well  known,  the  intensity  of  illumination 
cannot  he  gauged  from  a  photograi)h,  since  an  increased  exposure 
will  allow  the  making  of  a  correctly  tined  negative  in  an  exceed- 
ing! v  i)oor  light,  and  the  resulting  print  mav  appear  to  he  froni  a 
well  lighted   interior. 

An  interior  lighted  with  lamps  of  equal  intensity,  as  gauged  hy 
the  eye,  hut  richer  in  actinic  rays  such  as  the  mercury  \ai)or  Ijuups, 
will  see'u  more  hrightly  lighted  in  a  ])hotograph,  even  with  e(|ually 
timed  exposures,  with  plates  shuilarly  develoiied  and  ])rinted 
than  one  in  which  the  source  is  weak  in  actinic  rays,  as  the  flaming 
arc.  As  a  matter  of  fact,  photographers  do  not  give  ecjual  ex- 
posures under  such  conditions,  unless  specially  requested,  and  even 
when  equal  exposures  are  made  for  a  definite  purpose,  development 
and  printing  are  almost  never  the  same.     Hence  even  when  photo- 
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graphs  of  equal  exposure  are  compared  the  resuhs  are  Hable  to  be 
misleading,  as  the  photographer  can  usually  make  an  interior  ap- 
pear well  lighted  or  dimly  lighted  at  will. 

On  the  other  hand,  the  uniformity  of  the  illumination  can 
readily  be  compared  by  means  of  photographs.  Except  in  cases 
where  the  color  of  the  objects  photographed  produces  a  different 
effect  on  the  plate  than  on  the  eye,  the  relative  illumination  of  ob- 
jects will  be  the  same  in  photographs  as  in  the  original  interior 
and  shadows  can  easily  be  detected.  Here  again,  however,  appear- 
ances may  sometimes  be  deceptive,  as  the  degree  of  intensity,  or 
contrast,  can  be  varied  over  a  wide  range,  and  the  photographer, 
unless  especially  instructed  otherwise,  endeavors  to  produce  a 
print  of  normal  intensity  and  contrast,  regardless  of  the  character 
of  the  negative  or  the  conditions  in  the  interior  shown. 

Glare  or  freedom  from  glare  can  be  judged  accurately  from  a 
photograph,  except  where  prints  from  ordinary  plates  are  com- 
pared with  prints  from  double  coated  plates.  As  practically  all 
night  photographs  are  taken  on  the  double  coated  plates,  the 
amounts  of  halation  around  the  lamps  may  ordinarily  be  taken  as 
an  indication  of  their  brightness  relative  to  the  objects  illuminated. 

It  is  a  curious  coincidence  that  whereas  objects  appear  more 
sharply  to  the  eye  by  the  light  from  mercury  vapor  lamps,  they  also 
appear  more  sharp  in  the  ordinary  photograph  taken  by  this  light, 
although  for  an  entirely  different  reason.  As  pointed  out  recently 
by  Dr.  Louis  Bell,  the  greater  visual  acuity  in  this  case  is  due  to 
the  fact  that  the  light  is  almost  monochromatic.  That  is,  the  eye 
is  not  a  perfect  optical  instrument,  but  is  subject  to  chromatic 
aberration,  the  same  as  an  uncorrected  photographic  lense,  and  the 
light  rays  from  the  opposite  ends  of  the  spectrum  cannot  be 
focussed  at  the  same  time.  Thus  a  ray  of  white  light  cannot  be 
focussed  sharply  in  its  entirety  but  the  predominating  color,  which 
in  the  case  of  sunlight  is  yellow,  is  sharply  focussed,  while  the  other 
colors  are  not  sharply  focussed  at  the  same  distance  from  the 
lense.  The  resultant  blurring  is  ordinarily  so  slight  as  to  remain 
unnoticed,  and  its  physiological  effect  is  greatly  reduced  on  account 
of  the  relatively  greater  intensity  of  the  predominating  color. 

With  a  monochromatic  light,  all  the  light  rays  which  enter  th« 
eye  can  be  focussed  sharply.  Hence  the  greater  ease  and  clearness 
with  which  small  details  can  be  seen  with  this  kind  of  light. 

Chromatic  aberration  cannot  however,  be  blamed  for  any  lack 
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of  sharpness  produced  by  a  high  grade  photographic  lense.  In 
fact,  a  fully  corrected  lense  will  produce  equal  results,  as  far  as 
sharpness  is  concerned,  by  any  kind  of  light.  Light  which  is  rich 
in  actinic  rays  does,  however,  tend  to  produce  a  greater  degree  of 
contrast  in  a  photographic  plate.  This  effect  cau.^es  the  details 
in  the  print,  and  especially  in  a  half  tone  reproduction,  to  stand 
out  more  plainly,  producing  the  effect  shown  in  the  first  illustration 
in  Mr.  Clewell's  article  which  is  ordinarily,  though  incorrectly, 
called  sharpness. 

Bearing  these  facts  in  mind,  it  should  be  noted  that  Mr. 
Clewell  in  no  case  advances  his  illustrations  as  evidence  that  the 
installations  are  satisfactory.  They  are  shown  merely  as  ex- 
amples of  installations  which  have  been  found  to  be  satisfactory 
by  actual  usage,  and  are  presented  in  the  belief  that  a  photograph 
will  show  more  as  to  the  character  of  the  surroundings  and  the 
conditions  to  be  met,  as  well  as  the  methods  by  which  the  results 
were  accomplished,  than  could  any  detailed  description.  These 
points  could  be  illustrated  by  photographs  taken  by  daylight,  as 
well  as  at  night,  and  in  fact  one  of  them  was  taken  by  daylight. 
Most  of  the  photographs  were  taken  at  night,  however,  in  order 
to  show  the  uniformity  of  the  illumination,  and  the  comparative 
freedom  from  glare,  which  is  well  brought  out  in  the  several  illus- 
trations. ClI AS.   R.   RiKEK 


STEAM  TURBINES  FOR  ELECTRIC  STATIONS 
OF  MODERATE  SIZE* 

EDWIN  D.  DREYFUS 

THE  national  trend  toward  securing  etficient  production  in 
our  industries  has  long  since  extended  to  the  modern  power 
station.  And  here  may  1)e  found  the  most  carefully  planned 
and  executed  equipment,  achieving  not  only  the  economic  utiliza- 
tion of  materials,  but  also  the  efficient  application  both  of  manual 
labor  and  executive  forces.  Quite  logically,  the  larger  stations 
were  the  lirst  to  institute  these  reforms,  but  now  the  smaller  sta- 
tions are  following  closely,  and  being  governed  by  this  same  far- 
reaching  influence. 

It   is  very   evident   therefore   that   our   present   needs   demand 
particularly  such  qualifications  as  are  intrinsically  possessed  by  the 
steam  turbine,  that  is  to  say,  the  most  direct  conversion  of  available 
energy  into  etlective  power,  which  serves  to  eliminate  all  possible 
working   parts    and    wearing    surfaces,    and    thereby    results    in : — 
I — Minimum   attendance   and   sujiervision. 
2 — Least  cost  to  supply,  operate  and  maintain,  and 
3 — Economy  and  convenience  in  s[)ace  requirements. 

The  notable  advances  in  the  metropolitan  stations  in  this  coun- 
try have  been  accomplished  almost  entirely  through  the  large  steam 
turbine.  Not  only  has  the  steam  consumption  been  greatly  re- 
duced, l)ut  these  plants  recjuire  only  from  one-quarter  to  cme-third 
the  engine-room  operating  force  which  would  have  been  necessary 
for  reciprocating  machinery.  ^loreover.  and  virtually  as  important  is 
the  fact  that  maintenance  expenses  have  been  correspondingly  low- 
ered. Therefore,  considering  also  the  lower  plant  investment  and 
fixed  charges,  the  cost  of  producing  power  has  been  very  substan- 
tially reduced. 

While  in  the  smaller  stations  the  advantages  of  the  turl)ine 
ma}'  not  be  pre>ent  to  as  great  a  degree,  it  introduces  other  eco- 
nomic considerations  that  should  efi'ect  an  idtimate  benefit  to  the 
small  station  comparable  with  what  has  been  secured  in  the  larger 
plants. 

An  adequate  division  of  responsibility  characterizes  the  organ- 
ization of  the  large  station,  so  that  each  and  every  part  of  the  work 
is  capal)ly  and  thoroughly  performed.     The  smaller  companies  are 


A  paper  read  before  the  Mississippi  Electrical  Association,  June  21.   igii. 
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not  justihed  in  employing  a  special  engineering  staiT,  such  as  is 
maintained  by  the  larger  stations,  to  investigate  the  performance  of 
the  equipment  and  thus  guard  against  any  avoidable  decline  in 
efficiency.  In  the  small  plant  these  duties  devolve  upon  the  man- 
ager or  superintendent  who,  in  many  cases,  has  already  assumed 
the  responsibility  for  other  departments  of  the  business,  including 
the  executive  and  commercial  branches,  the  neglect  of  which  will, 
of  course,  seriously  retard  the  development  of  the  j^-operty.  Con- 
scf|uently.  the  oljjcctive  point  shou.ld  be  to  ])rovide  equi])ment  insur- 
ing  the  greatest   innnunity   from   sources   of   trouble   and   derange- 
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ment.      These    considerations    not    only    explain,    but    form    well- 
founded  reasons   for  the  growing  popularity  of  the  small  turbine. 

TYPES 

The  various  types  of  steam  turbines  are  now  fairly  well 
known.  It  may.  however,  be  desirable  to  discuss  them  l)rielly  to 
bring  out  a  few  salient  facts. 

Commercial  turbines  belong  either  to  the  so-termed  iuipulsc 
or  to  the  reaction  tyjic  or.  as  in  some  cases,  combine  the  features  of 
both.  It  is  still  found  that  the  fundamental  principles  of  operation 
thus  designated,  are  too  frcquentlv  confused.  For  example,  in 
either  design,  the  turbine  actually  combines  the  action  and  reaction 
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features.  However,  an  accurate  distinction  may  be  made  in  the 
following  manner: — In  the  true  impulse  turbine,  all  expansion 
takes  place  in  the  stationary  nozzles,  velocity  energy  thus  provided 
being  imparted  to  the  moving  blades.  In  the  reaction  turbine,  the 
expansion  occurs  both  in  the  moving  and  the  stationary  elements, 
transferring  a  small  part  of  the  energy  by  impulse  at  the  entrance, 
and  the  remaining  greater  part  by  reactive  thrust  on  the  rotating 
blade  at  exit.  It  may  easily  be  perceived  that  the  steam,  acting  im- 
mediately upon  the  wheel  as  expansion  takes  place,  will  produce 
the  highest  economy,  and  the  losses  from  nozzles  to  buckets  are 
thus   avoided.     The   best    forms   of    reaction   blading,   such   as   the 
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FK;.    2 — POWER    EQUIPMENT    OF    THE    WASHINGTON    TERMINAL    COMPANY, 
WASHINGTON,   D.    C. 

Four  300  kilowatt   alternating-current   units   and  air   compressors. 

Parsons,  really  constitute  small  nozzles  in  themselves  and  are,  con- 
sequently, recognized  to  be  of  much  higher  efficiency  than  buckets. 
Nozzle  and  bucket  efficiencies  compare  approximately  as  95 — 98 
percent  to  75 — 80  percent. 

In  connection  with  the  two  turbine  systems  it  is  sometimes 
claimed  that  the  discharge  angles  in  one  type  may  be  greater  than 
in  another  without  any  difference  in  efficiency  resulting.  The 
error  of  this  statement,  while  not  apparent  at  first  may  be  shown 
vividly  by  the  construction  of  velocity  diagrams,  proving  that  the 
exit  velocity  loss  occurring  in  either  case  will  be  equally  affected  by 
the  degree  of  discharge  angle  employed. 

The  Parsons  turbine  is  the  only  design  utilizing  primarily  the 
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expansion  of  steam  in  the  rotating  blades,  while  the  Curtis,  Rateau 
and  Zoelly  are  familiar  examples  of  the  impulse  type. 

Another  important  feature  is  to  be  observed  in  the  adaptability 
of  Parsons  blading  to  the  drum  type  rotor,  which  constitutes  a  very 
rigid  construction,  favoring  high  rotative  speeds.  On  the  other 
hand,  the  multi-cellular  impulse  turbine  must  necessarily  employ 
thin  discs  and  shafts  having  a  low  critical  speed.  Larger  shafts 
could  be  adopted  for  multiple  impulse  wheels,  but  the  interstage 
gland  and  leakage  problems  would  thereby  become  more  serious. 
The  single  impulse  wheel  with  multi-stage  use  of  the  steam,  as 
more  fully  described  later,  is  consequently  to  be   favored.     There 


FIG.   3 — TWO   100  KILOWATT   DIRECT-CURRENT  TURBINE   UNITS 

West  Penn  Railways  Company,  Connellsville,  Pa. 
are  obvious  cases  where  it  proves  best  to  adopt  either  reaction 
blading  entirely,  the  straight  impulse  wheel,  or  a  proper  combina- 
tion of  both  types,  as  hitherto  noted,  and  which  may  be  determined 
by  size  and  working  conditions.  For  large  sizes,  turbine  records 
indicate  that  the  Parsons  design  has  not  only  established  the  highest 
thermodynamic  efficiencies,  but  has  also  proven  less  subject  to  de- 
terioration in  economy  in  continuous  service.  This  was  brought  out 
during  the  steam  turbine  discussion  at  the  December,  1910,  meeting 
of  the  American  Society  of  Mechanical  Engineers.  A  10  000  kilo- 
watt Westinghouse  turbine  developed  69  percent  Rankine 
cycle  efficiency  under  test  and  an  important  build  of  Parsons  tur- 
bine abroad  was  recently  reported  as  showing  68.3  percent  on  ef- 
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ficiency  trial.  Several  tests  of  Westinghouse  turbines,  made  im- 
mediately after  installation,  and  also  after  a  numljer  of  years 
operation  and  reported  by  excellent  authority,  showed  no  change 
in  economy  whatsoever.  This  may  reasonably  be  expected  from  the 
fact  that  the  relative  steam  velocities  in  this  type  are  low,  minimizing 
any  erosive  action,  particularly  in  the  low-pressure  stages  where  the 
moisture  content  of  the  steam  is  high.  [Moreover,  small  wear  of 
the  blade  edges  is  of  no  jiarticular  imp(M-tance  in  this  design. 

Each  of  tlie  various  tvpes  cited  aliove  have  had  tlieir  advo- 
cates, and  their  i)redominance  in  some  sections  has  l)een  due  to  a 
great  extent,  if  not  entirely,  to  trade  relations,  rather  than  to  any 
real  underlying  merits  (vf  design;  and.  if  judged  from  t;:e  former 
standpoint,  this  ratio  will,  of  course,  tend  to  distort  any  esti- 
mate of  their  comparative  merits.  llowever,  a  fair  iiiiiTres.- 1  _n 
may  be  had  of  their  respective  importance  when  a  sum:.iatlcn  i  • 
made  of  the  extent  of  turbine  develo'pment,  both  in  this  c  nvritr^- 
and  abroad.  From  statistics,  we  hud  there  exists  to-day  ai)j)roxi- 
mately  14  612000  horse-power  of  Parsons  turbines,  anl  abcui 
6  yoo  000  horse-pow'er  of  all  forms  of  the  purely  i  u.f)ulse  turb'nt. 
This  immense  quantitv  of  power  represented  By  the  Parsons  tur- 
bine is  aided  in  no  small  wav  by  marine  installations.- for  various 
types  of  vessels.  In  this  service  the  turi)inc  is  suliject  to  the  most 
exacting  demands,  and  that  the  Parsons  type  Jias  fully  com])lic  1 
with  the  requirements,  is  forcibly  shown  by- its  ra]:)id  extension  in 
thi>  field,  over  6000000  horse-power  having  been  installed  for 
marine  propulsion.  In  fact  its  advantages  have  become  so  marked 
that  a  vast  amount  of  energy  has  recently  been  expended  in  adapt- 
ing it  to  marine  work.  And  it  is  almost  unnecessary  to  remark  that 
its  success  inaugurates  a  new  epoch  in  marine  practice. 

What  has  preceded  applies  mainly  to  units  of  moderate  and 
large  powers.  The  type  of  machine  demanded  for  capacities  less 
than  300  kilowatts  is  quite  dififerent,  as  the  most  elementary  form 
of  turbine  is  essential.  In  these  small  sizes,  wlicre  tiie  ecoufuny 
may  be  sonewhat  sacrificed,  as  the  absolute  steam  quantities  are 
of  no  apprecia])le  magnitude,  the  simjjlest  arrangement,  using  an 
impulse  wheel,  has  been  ado])ted.  This  situation,  bears  a  very 
close  relation  to  the  change  from  tri])le  expansi(^n  ]nuni)ing 
engines  in  large  water  works  to  dircct-acti,^g  pum]is  for  stations 
supplying  only  a  small  demand.  Similarly  the  fields  for  the  Corliss 
engine  and  die  small  automatic  engines,  have  in  general  been  quite 
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distinct,  but  naturally  turbines  do  not  necesarily  have  a  correspond- 
ing line  of  demarkation. 

The  small  turbine  admits  of  wide  dei)arture  in  construction, 
and  has,  therefore,  assumed  a  great  variety  of  designs.*  Their 
merits  depend  for  the  most  part,  if  not  wholly,  upon  the  facility 
with  which  they  may  Ijc  adapted  to  specific  requirements  and  the 
case  z^'ith  z^Iiich  siibsiitittion  of  zxirioiis  ports  )>iay  be  made. 

PARSONS  TURIilNKS  OF   MODKRATK  SIZE 

Construction — The  rotor  consists  principally  of  three  drums, 
Fig.  4,  of  varying  diameter  R,  consisting  of  higii.  intermediate  and 


TIG.    4 — SECTIOX    OF    TYPICAL    SINGLE    FLOW    TURIIIXE 

low-pressure  stages  which  have  all  end  thrust  neutralized  by  counter- 
balancing pistons  /'.  Pressures  at  various  stages  are  communicated 
to  the  balancing  ])istons  through  ecpializer  passages  E.  In  general, 
this  section  represents  the  usual  construction  of  all  Parsons  turbines. 
There  are.  of  course,  some  departures  made  in  ditterent  l)uilds. 
chiefly  in  the  arrangement  of  balancing  pistons.  These,  however, 
are  of  no  importance  in  the  sizes  in  which  the  construction  here 
illustrated  is  mainly  used.  Two  self-aligning  high-speed  bearings 
B  are  used.  Steam  is  introduced  at  S  and  controlled  by  the  main 
admission  valve  /'  (to  the  right)  admitting  to  the  annulus  A.  To 
provide  for  heavy  over-loads,  steam  under  full  pressure  is  supplied 


*Most    of    these    were    descrilied  by   Mr.    Geo.   A.   Orrok,   in  a  paper 
befor'.'  the  American   Society  of  Mechanical  Engineers  in   1909. 
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to  the  secondary  valve  V  (to  the  left).  A  valuable  provision  is 
made  to  keep  the  governor  valves  in  a  constant  vibrating  motion, 
and  in  this  w^ay  no  friction  of  rest  or  sticking  of  the  valves  is  to  be 
overcome  for  any  change  in  governor  position.  Thus  the  regulation 
of  this  turbine  has  always  been  above  criticism.  The  exhaust 
passage  is  shown  at  D.  Water  sealing  glands  at  W  positively  pre- 
vent any  inflow  of  air  to  the  turbine,  which  would  obviously  im- 
pair the  vacuum. 

The  blading  formation  and  construction  is  an  important  feature 
of  the  turbine,  and  these  characteristics  may  be  seen  in  Figs.  14  and 
17.  Probably  no  other  detail  of  the  design  has  been  the  subject  of 
such  extensive  experimentation  as  has  been  accorded  the  blading 
itself.  Various  blade  shapes  and  methods  of  securing  them  to  the 
rotor  and  cylinder  have  been  exploited  since  the  early  turbines 
were  built.  Blading  sections  and  lengths  are  now  made  so  as  to 
effect  an  almost  ideal  expansion  of  the  steam  passing  through  the 
turbine.  In  attaching  the  root  of  the  blade,  the  problem  is  remark- 
ably simple,  the  blade  being  provided  with  a  small  nick  in  the  root 
and  held  by  the  compression  forces  of  the  calked  soft  steel  packing 
pieces.  Under  tension  test,  the  blades  will  fail  at  some  intermedi- 
ate section  before  detaching  at  the  root,  due  to  the  firm  grasp  of 
the  packing  pieces.  Fastening  of  the  blade  tips  has  undoubtedly 
attracted  the  greater  attention.  Where  there  is  a  drop  of  pressure 
across  each  row  of  blades,  it  is  preferable  to  maintain  minimum 
clearances  to  reduce  steam  leakage.  Some  clearances  may  be 
actually  beneficial  to  the  economy  of  the  turbine  as  it  provides  a 
passage  for  the  water  in  the  steam,  permitting  it  to  flow  through 
without  causing  hydraulic  friction  on  the  tips  of  the  moving  blades,  a 
theory  advanced  by  experienced  operators  of  steam  turbines.  A 
reinforcement  of  the  outer  ends  is  only  necessary  for  long  blades 
in  order  to  avoid  nodal  vibration  which  might  be  set  up  by  .the 
steam  currents,  ultimately  causing  crystallization  and  failure  of  the 
blades.  In  the  turbine  shown  in  Fig.  4  this  is  accomplished  by  a 
"comma"  Wnt  lashing  which,  on  being  clinched,  establishes  a  stout 
abuttment  between  consecutive  blades. 

vSince  the  turbine  cylinder  has  been  made  so  symmetrical  in 
design,  distortion  troubles  have  been  removed.  Protection  on  the 
tips  of  the  blades  is  therefore,  not  only  unnecessary,  but  on  the 
contrary,  the  naked  blade  will  cause  the  least  injury  in  event  of 
accidental  contact  due  to  any  inaccurate  adjustment,  which  is  evi- 
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dently  quite  a  remote  possibility  in  this  type  of  turbine.  A  venti- 
lated and  interrupted  rubbing  surface  is  presented,  so  that  the 
least  amount  of  local  heating  is  produced,  thus  avoiding  any  serious 
damage.  Shrouded  blades  were  used  as  early  as  1887,  only  a  few 
years  after  the  Hon.  C.  A.  Parsons  invented  the  turbine  which 
bears  his  name.  This  was  attempted  primarily  to  reduce  leakages, 
but  any  gains  that  may  have  resulted  were  more  than  neutralized 
by  the  increased  skin  friction.  Shrouding  is  still  used  in  some  de- 
signs of  Parsons  turbines,  but  from  actual  figures,  those  thus  pro- 
vided represent  not  more  than  five  and  one-half  percent  of  the 
turbines  of  this  type. 

It  is  indeed  very  gratifying  to  observe  in  connection  with  the 
early  Parsons  turbines  built  by  the  Westinghouse  Machine  Com- 
pany (from  1896  to  1900)  that  no  radical  departure  from  the  orig- 
inal design  has  been  found  necessary  in  capacities  ranging  from  300 
to  I  000  kilowatts  for  the  purpose  of  improving  economies.  Some 
detail  changes  have  of  course  been  made,  principally  in  cylinder  con- 
struction, to  obviate  troubles  from  distortion  due  to  lack  of  sym- 
metry. By  relieving  the  cylinder  of  all  unnecessary  webs  and  the 
integral  equalizer  ports,  the  cause  of  the  majority  of  the  operating 
troubles  encountered  in  the  first  machines  has  been  entirely  over- 
come. The  construction  which  was  thus  developed  to  so  satisfac- 
tory a  stage  many  years  ago  and  now  so  well  known  is  shown  for 
detail  reference  in  Fig.  4. 

A  typical  installation  at  the  plant  of  the  Mississippi  and 
Gulfport  Traction  Company  is  shown  in  Fig.  i.  A  i  500  kilowatt 
unit  of  the  same  type  has  been  added  since  this  photograph  was 
made.  Another  interesting  installation  is  given  in  Fig.  2,  which 
shows  the  interior  of  the  plant  of  the  Washington  Terminal  Com- 
pany, Washington,  D.  C.  With  all  governor  gear  and  valves  above 
the  cylinder,  the  arrangement  adopted  for  these  turbines,  their  oper- 
ation is  always  in  plain  view ;  and  with  the  accompanying  ease  of 
inspection,  the  attendance  required  for  this  extensive  equipment  is 
undoubtedly  less  than  usually  employed. 

UNUSUAL       INCIDENTS 

There  can  be  no  question  but  that  the  intrinsic  merits  of  any 
apparatus  are  always  brought  out  more  forcibly  by  unusual  events 
in  its  history  than  by  its  ordinary  operation.  In  this  respect,  the 
extreme  simplicity  of  the  turbine  cannot  be  better  demonstrated 
than  by  a  case  in  which  a  500  kilowatt  low-pressure  turbine  of  a 
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character  later  described,  was  placed  in  service  by  the  customer's 
own  engineering  staff  who,  besides  having  never  operated  a  turbine, 
had  never  seen  one  in  service  or  even  dismantled.  The  machine 
had  operated  one  month  before  the  builder's  erecting  engineer 
reached  the  plant  to  make  an  inspection.  He  found  the  turbine  in 
excellent  adjustment.  It  is  of  additional  interest  to  note  that  this 
plant  is  at  a  distant  Canadian  point. 

Another  extraordinary  occurrence  is  worthy  of  note.  While 
en  route  to  central  ^lexico,  a  car  carrying  a  i  500  kilowatt  turbine 
was  derailed  and  the  machine  thrown  down  a  high  embankment. 
It  was  necessary  to  build  a  special  spur  track  to  recover  the  turbine, 
and  after  being  reloaded  and  safely  carried  to  destination,  it  was 
found  that  with  the  exception  of  damaged  lagging,  the  macliine  had 
sustained  no  injury. 

The  individual  qualities  of  the  turbine  were  also  strongly 
emphasized  in  a  disastrous  fire  which  occurred  in  a  certain  station 
in  the  West.  In  this  instance  all  inflammable  parts  of  the  building, 
including  the  roof  and  floors,  the  latter  being  thoroughly  oil- 
soaked,  were  entirely  consumed.  The  heat  from  this  fire  was  so 
intense  that  it  destroyed  practically  all  of  the  engine  room  ecjuip- 
ment,  with  the  exception  of  the  turbines,  oi  which  the  valve  gear, 
being  ex])osed.  was  the  only  i)art  to  suft'er.  The  reciprocs.ting  en- 
gines, which  were  alongside  the  turbines,  were  damaged  beyond 
repair.  The  short  time  required  to  ])lace  the  two  tiu'l)ines  in  service 
speaks  for  itself,  the  500  kilowatt  machine  recjuiring  ten  days  and 
the  I  000  kilowatt  unit  twelve  days  from  the  time  of  the  fire.  This 
included  the  time  necessary  to  order  new  parts  from  the  builder's 
works,  I  600  miles  distant,  three  days  ])eing  consumed  in  transit, 
and  the  time  necessary  for  fitting  up  the  machines  and  opening 
them  for  inspection,  for  which  ])uri)ose  tem])orary  rigging  was  pro- 
vided. Previous  to  this,  the  500  kilowatt  unit  had  l)een  in  ojjcration 
night  and  day  for  i(S  months  without  repair  cost.  Re])air  i)arts  to 
the  extent  of  $1  100  were  carried  in  stock  and  lost  in  the  fire.  In 
all,  the  actual  cost  of  repairing  both  units  was  about  $2000.  which 
amounted  to  approximately  five  percent  of  their  cost. 

SMALL   nil'L'L.SE   TL"R1!INES 

A  new  development,  which  becomes  of  especial  interest,  is  an 
unique  type  of  impulse  turbine  designed  for  the  generation  of 
jmall  powers.     It  is  mainly  in  this  field  tha,t  the  greatest  variations 
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in  working  pressures  are  usually  found.  Hence  it  is  very  impor- 
tant that  the  design  admit  of  wide  limits  of  application  and  at  the 
same  time  involve  the  least  changes  in  construction  in  order  that 
it  may  be  economically  and  commercially  adaptable  to  fluctuating 
requirements.  For  a  fixed  capacity  and  rotative  speed,  proper 
dimensions  of  the  rotor  and  cylinder  (exclusive  of  the  nozzles  and 
reversing  chambers)  may  be  established  in  a  large  degree  without 
definite  regard  to  the  actual  pressure  to  be  employed.  Then  for 
reasonable  deviations  from  the  customary  ])ressures.  it  is  necessary 
only  to  proportion  and  arrange  the  nozzles  and  reversing  chambers 
to  comply,  a  very  small  operation  citm])ared  with  work  on  the  entire 
iniit. 


TABLE  T-B.  T.  U.  AVAILABLE  BETWEEN'  WXRIOLS   IXTITAL 
PRESSURES  AND  15  LBS.  AXD  OXE  LB..  ABSOLUTE. 


Initial  Conditions 

iMnal  Conditions 

isLbsAbs.        1          iLb.  Abs. 

Pressure.          1             Temp. 
Llis.  Al)s                       Deg  y. 

Temp.  213°  F.            Temp.  101°  F. 

B  t.u  Available. 

105                1               33'^ 

i-i-2 

294 

]-5                '               334 

IS- 

306 

I.]  3                                  yj) 

.I(/< 

315 

\(r-,                                  ii.()U 

'77 

32^ 

"JO                                377 

]«)                                .11^                 1 

•>^    Steam    Tallies— 1  <»09 


Steam  pressures  rcc|uire  closer  consideration  in  tiu"bine  than 
in  reciprocating  engine  design.  1^u-l)ines  utilize  tlie  energy  of  the 
steam  through  dynamic  o])eration ;  i.  e..  the  development  of  high 
velocities  which  are  suixsequently  absorlied  during  the  passage  of 
steam  through  the  rotating  wheel.  In  the  engine  the  expansive 
force  of  the  steam  is  exerted  directly  upon  the  piston.  It  is  well 
to  keep  this  distinction  in  mind  when  gauging  the  merits  of  the 
small  turbine.  Through  adiabatic  expansion  of  steam  between  cer-r 
tain  limits,  there  is  a  given  amount  of  heat  energy  released.  This 
heat  energy  is  immediately  converted  into  work  upon  a  receding 
piston  in  the  steam  engine,  as  just  niL'ntioned,  while  in  the  turbine 
it  is  transformed  into  velocity  energy,  which  may  be  shown  mathe- 
matically in  the  following  manner : — 

Kinetic  Energy  =  [T  X  7/8  ft.  lbs.,  where  //  =  Available  B. 
t.u.  If  f'=\'elocitv  of  issuing  jet  in  feet  per  second, — then  \--'r- 
2g  =  H  X  7/8.  or  \^  =  V  2g"x778"x"H  =  227^.7  V  H. 
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In  the  ideal  impulse  turbine,  the  buckets  should  travel  at  one- 
half  the  steam  velocity.  In  commercial  practice,  it  may  be  neces- 
sary to  depart  somewhat  from  the  ideal,  and  moreover,  in  order  to 
simplify  stage  construction,  it  is  desirable  to  transform  the  energy 
in  the  high  velocity  steam  into  mechanical  energy  in  two  or  more 
steps  with  moderate  blade  speeds.     As  an  illustration,  Table  I  has 

been  prepared  to  present 
a  general  idea  of  the 
amount  of  heat  energy 
available  per  pound  of 
steam  between  custom- 
ary working  pressures 
and  temperatures. 

The  variation  in  ve- 
locity developed  by  dif- 
ferent heat  drops  may 
be  appreciated  from  Fig. 
5,  and  since  the  practic- 
a  b  1  e  blade  speeds  in 
small  turbine  work  are 
at  present  ordinarilly 
confined  between  limits 
of  350  to  500  feet  per 
second,  the  reasons  for 
the  divisions  of  pressure 
and  velocity  stages  are 
evident. 

Practical  examples 
should  prove  instructive,  both  in  showing  the  fundamental  features 
and  the  elastic  arrangement  of  the  "re-entry"  type  of  turbine,  which 
derives  its  name  from  the  fact  that  the  steam  issuing  from  the  wheel 
is  re-directed  upon  it  again  by  reversing  chambers  as  illustrated  in 
Figs.  6  and  7. 

Case  I — Working  pressures  of  100  lbs.  initial  and  15  lbs.  final 
are  assumed.  This  gives  a  heat  drop  of  130  B.  t.  u.  As  approxi- 
mately ten  percent  is  lost  in  nozzle  friction,  the  resultant  velocity 
acting  upon  the  wheel  becomes  2  400  ft.  per  second,  Fig.  5.  Taking 
a  normal  blade  speed  of  500  ft.  per  second  and  blade  angles  of  25 
degrees,  the  steam  velocity  fixes  the  nozzle  angle  at  20  degrees. 
Reducing  the   relative  velocity  R^   for  blade   friction,   the   relative 
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velocity  R^  leaving  the  wheel  is  found,  thus  determining  the  abso- 
lute velocity  V  ^.  The  magnitude  of  the  latter  shows  why  it  is 
necessary  to  provide  for  repassage  of  the  steam  through  the  wheel. 
This  steam  is  redirected  upon  the  blades  through  the  reversing 
chamber  B,  friction  decreasing  the  absolute  velocity  to  i  200  ft.  per 
second,  establishing  a  nozzle  angle  of  15  degrees.  Under  these 
conditions  the  steam  jet  issues  at  right  angles  to  the  wheel  with  a 
small  residual  velocity  of  250  ft.  per  second,  thus  reducing  the  loss 
from  this  source  to  a  minimum. 

Case  II — Assuming  now  that  the  pressure  range  had  been  from 
135     lbs.     to     15     lbs.     absolute,     the     steam     is     expanded     from 


F'c;.    6 — PRINCIPLE    OF    NOZZLE    AND    REVERSING    CHAMBER,    WITH    ACCOMPANY- 
ING VELOCITY   DIAGRAMS 

Case  I — Pressure  Range,  100-15  pounds  absolute.  One  pressure  stage, 
compound  velocity  drz-^). 

C'flse  II — Pressure  Range,  135-15  pounds  absolute.  Two  pressure  stages, 
compound  velocit}'  drop  in  first  stage  and  single  velocity  drop  in  second  stage. 

135  to  2?  lbs.  absolute  in  the  first  stage.  The  available  heat 
would  still  be  130  B.  t.  u.,  and  therefore,  the  velocity  developed 
remains  the  same  as  above.  Then  the  high  pressure  nozzle  and 
reversing  chambers  A  and  B  in  both  cases  will  be  similar,  excepting 
that  in  Case  II  they  will  be  of  less  width  due  to  the  greater  steam 
density.  However,  with  the  pressure  of  23  pounds  at  the  end  of 
the  first  stage,  a  velocity  of  i  200  ft.  per  second  may  be  developed 
by  further  expanding  to  15  lbs.  absolute,  which  is  accomplished  by 
the  addition  of  the  nozzle  C,  Fig.  6.  Had  the  initial  pressure  been 
higher,  the  residual  velocity  at  D  might  have  been  sufficient  to  war- 
rant the  addition  of  another  reversing  chamber  in  the  second  stage. 
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Depending  \\\nm  the  pressures  and  speeds  used  a  third  stage  may  be 
profitably  employed. 

These  diagrams  serve  to  illustrate  in  a  general  way  the  methods 
used  in  the  selection  of  various  arrangements  of  nozzles  and  re- 
versing chambers.  It  is.  of  course,  understood  that  the  size  and 
details  of  the  turbine  may  atTcct  the  choice  considerably  in  some 
instances,  and  tlicrefore.  one  may   s])ec:fy  any  one  of  the  various 


FIG.    7 — ASSE^TBLFD    \()//LI       W  H  I  I  L     WD    RfNFKSIM,    t  H  \  M  I'.KK 

or  THE  K?  1  \  rK\  r\PL  ti_ki;im 
combinations  on  knowing  all  the  particular  characteristics  of  tlie 
turbine.  Consequently  this  information  is  given  simply  to  show 
that  when  the  pressure  conditions  are  accurately  cited,  nozzles  can 
readily  be  provided  that  will  result  in  very  efficient  turbines,  and 
hence  the  exactness  of  the  turbine  constructicni  will  not  be  neglected, 
as  no  increased  expense  is  entailed  in  ensuring  its  correctness. 
A  section  through  a   150  kilowatt,  non-condensing  turbine  de- 
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k;  8— Fi.cTinx  through  a  150  kttowatt  turbixe  designed  for  nox-coxdens- 

IXG    OPERATION-    AXD    FOR    DRIVING    AX    aLTFRX ATIXC-CURREXT    GEXERATOR 


FIG.    9 — DETAIL    SECTIOX    OF    TURBINE    SHOWN    IN    FI 
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signed  to  drive  an  alternating-current  generator  is  given  in  Figs. 
8  and  9.  The  flexible  system  afforded  by  the  "re-entry"  type  may 
be  said  to  be  a  direct  result  of  the  precedent  established  by  the 
standard  Parsons  turbine  in  its  ready  compliance  with  working  con- 
ditions, for  instance,  as  accomplished  in  regauging;  i.  e.,  altering 
the  relative  angular  position  of  the  blading.  The  simplicity  of  con- 
struction realized  in  these  small  turbines  may  be  observed  from  the 
sectional  details,  and  therefore,  requires  little  explanation.  The 
rotor,  comprising  a  flat  steel  disc  with  one  row  of  blades  mounted 
on  the  periphery,  is  carried  upon  an  overhung  shaft.  A  continuous 
shroud  for  the  blades  is  established  by  having  projections  cast  on 


FIG.    10 DETAH.    SECTION    OF    SMALL    MIXED    TYPE    TURBINE 

the  back  of  each,  to  mesh  with  the  face  of  the  adjacent  blade, 
which  not  only  serves  the  primary  function  of  maintaining  the  in- 
tegrity of  steam  jet,  essential  in  the  impulse  type,  but  also  firmly 
braces  the  outer  end  of  the  blade,  obviating  any  tendency  to  vibrate. 
An  additional  bearing  is  provided  on  the  governor  end  to 
steady  the  supplementary  governor  gear  shaft,  this  being  made  de- 
tachable to  facilitate  dismantling.  The  cylinder  is  supported  on 
benches  forming  an  extension  of  the  generator  bed  plate.  This  not 
only  assures  perfect  alignment,  but  also  eliminates  any  effect  from 
temperature  variations.  Geared  governors  are  used  as  they  estab- 
lish the  highest  degree  of  regulation.  Forced  lubrication  is  secured 
through  the  gear  type  pump  which    forms  an  integral  part  of  the 
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turbine  and  results  in  a  self-contained  automatic  unit.  Oil  under 
pressure  reaches  all  surfaces  in  frictional  contact.  Protection 
against  overspeeding  is  provided  by  an  automatic  stop. 

MIXED  TYPE 

A  composite  impulse  and  reaction  turbine  was  first  designed 
in  this  country  in  1902  mainly  to  accommodate  large  capacities, 
which  innovation  resulted  in  the  successful  development  of  the 
high-power  double-flow  turbine.  In  the  small  impulse  turbine  the 
economy  for  condensing  work  may  be  materially  improved  by  the 
addition  of  a  low  pressure  stage  containing  Parsons  blading,  as 
shown  in  Figs.  10  and  11.    A  number  of  turbines  of  this  type  have 


FIG.    II — MIXED    TYPE   TURBINE    ROTOR 

been  built  ranging  in  capacity  from  100  to  200  kilowatts.  This  unit 
largely  resembles  in  most  of  its  details,  the  well-known  Parsons 
type  previously  described,  with  the  exception  of  the  high  pressure 
end.  For  this  part  an  impulse  wheel  replaces  the  high  pressure 
reaction  blading,  and  is  so  designed  as  to  efficiently  absorb  a  large 
drop  in  steam  pressure,  or  more  correctly,  heat  energy.  Incident- 
ally, this  same  wheel  is  appropriated  as  a  balancing  dummy  for  the 
low  pressure  reaction  end,  which  manifestly  brings  about  unusual 
compactness.  In  this  design,  comparatively  low  blade  speeds  and 
steam  velocities  may  be  efficiently  employed  with  the  advantages  of 
greatest  freedom  from  the  erosion  resulting  from  the  high  velocity 
of  moist  steam  3ets,  reference  to  which  has  previously  been  made, — 
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Ihe  cutting  action  varying  approximately  as  the  square  of  the  rela- 
tive velocity.  Where  fuel  is  costly,  such  a  design,  although  more  ex- 
pensive, should  prove  fully  warranted.  It  further  exemplifies  the 
versatility  which  is  possible  in  turbine  designing  and  is  a  type  which 
has  come  into  quite  general  use  in  Europe,  where  the  fuel  item  is 
always  the  foremost  consideration. 

LOW   PRESSURE   TURBINES 

The  low  pressure  turl^ine  will  undoul)tedly  lie  found  to  be  a 
benefit  to  the  small  reciprocating  engine  plant.     In  many  of  these 


ru;    I J — ICO  K\v   mixi-:d  type  tuki;!m-:  drivixc,  60  cycle  alternator 
City  of  Alexandria   (La.)    Municipal  Plant 

stations  the  engines  have  been  o])eratcd  non-condensing  for  the 
reason  that  the  expense  connected  with  a  condensing  equipmenn 
would  scarcely  be  warranted  in  view  of  the  small  return  effected. 
Since  the  turbine  works  so  efficiently  in  the  Inw  pressure  ranges, 
.station  operators  may  safely  expect  to  improve  their  plant  econo- 
mies from  30  to  100  percent  through  installing  the  low  pressure 
turbine  to  work  on  the  exhaust  of  their  engines. 

Such  results  are  entirely  practical  and  have  been  obtained,  as 
in  a  typical  case  of  a  500  kw  low  ])ressure  uifit  installed  for  the  City 
of  Regina,  Canada,  where  exhaust  steam  is  obtained  from  one  22 
by  30  inch  Corliss  and  one   Ti  and  20  by   14  inch  compoimd  auto- 
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Using  the  average  hgure  given  on  the  diart,  it  «i  1  J 
,  ..-pressure  turbine  dehvers  0.97  kilowatts  „er  l<ilowatt  of  tl     en 
:    e       A  fact  <levelc„ed  in  this  station,  as  in  many  otlier  lo.-     e  s 
r      turbine  in,-tallation,  i.  tltat  no  in,„air,nent  of  vacuun,  ocuined 


Clian    frnm   low    pressure  turhi.ic.     Inlet  pressure    15   to  3 
A.vcrasjo  vacvu'm  2S.4  in. 

FU-     ,  .-GUAPHTC    METER   CHARTS,   CTY   OF  RECINA,   CANADA 

"-    "  .  t-^nllv  .Innhlcd   for  the  same   fuel  consump- 

,.„^s;^grs;SoiKCpSi^'-,u„e. 

due  to  the  pressure  in  the  piping  between  engine  and  t„rl,,ne    alhng 
Iw  atmospliere.    As  noted  on  the  tur1>ine  load  chart.  F,g.  .3,  the 
below  atmospne.e.  ,.  inches  vacuum,  an  average  vacuum 

':tl::::Z:r:^^l^^^'>  ^-tg  mamtainedat  the  turbine 
hault. legend  advantages,  both  from  the  -"dpo.nt  of  e^cien^- 
and  mechanical  operation,  accrue  troin  a  lowing  the  pressure 
tween  euffine  and  turbine  to  vary  with  load. 

nf  great  manv  cases  low  pressure  turbines  warrant    he  tis 
of  cooling  towers  where  an  adequate  cooling  water  supply  is  lack 
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ing.  Cooling  systems  may  be  arranged  in  various  practical  ways, 
and  they  generally  add  but  a  small  percentage  to  the  plant  invest- 
ment. They  vary  from  being  made  of  a  pile  of  brush  with  suitable 
distributing  troughs  at  the  top,  as  pursued  in  some  southwestern 
sections,  or  wooden  lattice  construction  of  open  type,  or  spiay 
nozzles  either  distributed  over  a  cooling  pond,  or  else  as  occasion- 
ally done,  by  appropriating  the  power  house  roof  as  a  water  shed, 
to  the  more  expensive  enclosed  forced  or  natural-draft  chimney 
coolers.  These  references  are  simply  made  to  impress  the  fact  that 
where  small  stations  are  unable  to  obtain  a  natural  supply  of  con- 
densing water,  an  effective  substitute  may  thus  be  devised.  In  the 
design  of  cooling  towers,  free  fall  and  excessive  lift  of  circulating 


FIG.     14 — SINGLE    FLOW    LOW    PRESSURE    TURBINE    ROTOR 
300  kw 

water  must  be  avoided  in  order  that  their  operation  may  be  most 
efficient. 

Notwithstanding  the  high  thermal  efficiency  that  may  be  se- 
cured through  using  the  low-pressure  turbine,  its  installation  is  not 
to  be  indiscriminately  recommended.  It  simply  becomes  a  matter 
of  economic  consideration  as  to  whether  or  not,  at  the  load  factor 
at  which  the  plant  is  operated,  the  saving  in  fuel  expenditure  will 
be  sufficiently  in  excess  of  the  capital  charges  on  the  increased  plant 
investment. 

Generally  the  construction  of  the  low  pressure  turbine  is  similar 
to  that  of  the  complete  expansion  turbine,  excepting  that  the  high 
and  intermediate  pressure  elements  are  omitted.  This  is  shown  in 
Fig.  14  giving  a  view  of  a  300  kw  Westinghouse  low  pressure  tur- 
bine spindle.  For  small  capacities,  it  would  again  be  convenient 
and  desirable  to  adopt  the  re-entry  type. 
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BLEEDER  TURBINES 

Frequently  central  stations  find  it  profitable  to  supply  a  heating 
load  in  addition  to  its  electrical  output.  Previously  in  turbine  plants, 
the  low  pressure  steam  was  taken  from  the  entrance  of  the  inter- 
mediate stage  and  delivered  to  the  heating  system  through  a  reduc- 
ing valve.  This  method  not  only  entailed  considerable  loss,  but  the 
amount  of  atmospheric  pressure  steam  that  could  be  bled,  was  un- 
duly limited.  To  obviate  this  shortcoming  of  the  standard  condens- 
ing turbine,  a  special  type  of  turbine  has  been  developed,  as  illus- 
trated in  Fig.   15,  in  which  the  steam  that  passes  from  the  inter- 


KIC.    15 — DF.TAIL  OF   AUTOMATIC   BLEKDER  TURRINE,   FOR   JOINT   ELECTRIC- 
AND   HEATING  LOAD 

mediate  to  the  low  pressure  stage  is  controlled  by  a  valve  which  is, 
in  turn,  governed  by  the  pressure  in  the  heating  main.  All  low 
pressure  steam  not  required  for  heating,  performs  work  in  the  low 
pressure  section,  and  besides,  before  the  steam  reaches  the  pressure 
of  the  heating  system,  it  has  been  efficiently  utilized  in  the  high  pres- 
sure elements  of  the  turbine.  When  all  of  the  steam  is  to  be  diverted 
to  the  heating  system,  the  entire  amount  may,  by  special  exterior 
piping,  be  made  to  pass  through  all  stages  of  the  turbine,  thus 
obviously  improving  the  economy. 


OPERATION   AND   MAINTENANCE 


Being   entirely    self-contained,    the    turbine    requires    minimum 
attention,  and  very  frequently  is  given  but  little  more  care  than  an 
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electric  motur.  In  fact,  a  central  station  (3\vner  visiting  another 
plant,  thought  that  the  turbine  driven  centrifugal  pump  was  elec- 
trically propelled.  The  absence  of  internal  wearing  surfaces  such 
as  in  the  steam-engine  cylinder,  prevents  trouble  from  scoring 
and  damage  following  a  failure  of  the  oil  supply. 

As  there  are  no  reversal  shocks  or  strains  in  its  operation,  it  is 
least  subject  to  any  disturbance  of  the  correct  adjustments.  There- 
fore, the  frequent  applications  of  the  indicator,  taking  up  on  pin 
bearings,  resetting  of  valves  and  knock-off  blocks,  do  not  enter  the 
operation  of  the  steam  turbine  station.     Further  still,  the  turbine  is 
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ni;.    10 — 3C0    k\v    low    fki  ssrui:    ii  !<i;i\i     without   G')\i  i:\ni; 
Bcrnon  Mills,  Gcurgiavillc,  R.  I. 

imnume  from  any  damage  due  to  "slugs"  of  water  coming  over  with 
the  steam,  while  with  the  reciprocating  engine,  precautionary  meas- 
luxs  must  be  taken  to  avert  serious  accident  from  this  cause,  by  in- 
suring that  the  cylinder  relief  valves  are  always  operative.  The  ex- 
haust is  nut  contaminated  with  oil,  and  may,  therefore,  be  safely 
used  for  any  industrial  applicatidu. 

Bearing  the  above  factors  in  mind,  it  is  to  be  appreciated  that 
the  station  force  ma}'  be  applied  with  the  highest  possible  efficiency 
in  a  turbine  equipped  plant.  The  introduction  of  novel  and  valuable 
electrical  appliances  and  the  prosecution  of  new  business  campaigns, 
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requires  the  almost  continuous  attention  of  the  management  of 
small  properties.  With  the  greatest  safety  in  operation  of  the 
power  house  equipment,  the  uianagcmcnt  may  zccU  dci'otc  less  at- 
tention to  this  part  of  the  system  and  apply  the  time  thus  sailed  to  a 
greater  development  of  the  company's  service. 

That  the  turljine  is  capable  of  continuous  operation  over  ex- 
tended periods,  has  been  demonstrated  by  actual  performance.  For 
example,  a  50c  kilowatt  unit  at  the  Quincy  ]^Iarket,  Cold  Storage 
and  Warehouse  recently  completed  a  run  of  fourteen  mont'-!s  with- 
out a   stop  and   without  any  adjustments.     While  these   long   runs 


VIC.  17 — COXDITIOX  or  P\R-OXb  BLADIXG  .\FTER  SEVEX  YEARS 
CONSTANT  SERXRF  0R1(.IN\L  SHAPE  AND  QUALITY  RE- 
TAIXED 

are  of  interest  in  showing  the  capal)ilities  of  the  turbine,  naturally 
the  wiser  ]Tolicy  is  to  provide  for  quarterly  or  semi-annual  periods 
of  inspection,  as  the  case  may  require,  unless  unusual  conditions 
may  obtain.  In  the  reciprocating  engine,  the  attention  which  the 
valve  stem  and  piston  rod  packing,  piston  rings,  pin  bearings  and 
valve  gear  require,  prohibit  a  similar  performance. 

When  the  subject  of  maintenance  is  considered,  the  question 
of  local  conditions  must  be  given  attention.  Where  there  is  a  good 
qualitv  of  feed  water,  the  turbine  has  usually  been  found  to  retain 
its   original   standard   in   service.      But   with   water   possessing   any 
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active  chemical  properties,  the  cyhnders  have  given  evidence  of 
erosion,  and  where  steel  blades  were  used,  have  required  reblading 
in  some  cases,  and,  in  a  very  few  instances,  reboring  and  relining  of 
the  cylinder.  Original  bronze  blading  which  had  been  in  service 
for  nearly  seven  years  in  a  400  kilowatt  turbine  at  the  Johnston 
Harvester  works  at  Batavia,  N.  Y.,  did  not  show  signs  of  impair- 
ment, its  present  condition  being  evident  from  Fig.  17, 

ECONOMIES 

Several  years  ago  a  great  deal  of  discussion  was  centered  about 
the  relative  efficiencies  of  the  engine  and  turbine.  Actual  tests  have 
fully  shown  that  the  turbine  excels  for  condensing  service,  bearing 


TABLE  ]I— TEST  OF  CORLISS  COMPOUND  ENGINE  AT  AMERICAN 
SUGAR  REFINING  CO.'S  WORKS.  BROOKLYN,  N.  Y. 
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Superheat — 0.6  percent  per  10  degrees  F.  change. 
Vacuum — two  percent  per  inch  change  of  vacuum 

out  the  general  concensus  of  opinion.    The  curves.  Fig.  18,  may  be 

taken  to  typify  the  comparison,  where  the  turbine  results  were  taken 

from  U.  S.  Government  tests  and  those  of  the  engine  as  shown  in 

Table  II  from  tests  conducted  by  Prof.  D.  S.  Jacobus  at  the  plant  of 

the  American  Sugar  Refining  Company.*   The  much  flatter  economy 

curve  of  the  turbine  is  in  evidence.     But,  in  considering  economies 

on  the  whole,  engineers  should  avoid  simply  comparing  two  types 

of  units  merely  by  test  results  or  guarantees.     A  factor  for  the  de- 


*Published  in  the  proceedings  of  the   American   Society  of   Mechanical 
Engir-eers,  1903. 
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dine  in  efficiency  in  service  should  always  he  introduced.  Very  little 
change  in  turbine  economy  will  take  place,  especially  where  moder- 
ate steam  velocities  obtain,  and  its  efficiency  may  be  regarded  as  a 
practically  constant  quantity.  This  cannot  be  said  of  the  recipro- 
cating engine.  Losses  from  leakages  and  poor  adjustment  of  valves 
may,  of  course,  be  reduced  to  a  rather  small  quantity.  However, 
it  is  rare  that  they  are  entirely  eliminated,  and  in  this  connection  the 
following  quotation  from  The  Engineer  may  prove  of  interest  :— 

"Leakage  past  a  solid  plug  or  piston  valve  is  a  hard  matter  to  deter- 
mine, but  that  there  is  leakage  is  well  known.  The  amount  depends  on 
many  things ;  probably  the  first  is  the  quality  of  the  material  of  which  the 
engine  was  built;  the  second,  possibly,  the  accuracy  with  which  the  engine 
wa.s  built;  and,  thirdly,  the  care  with  which  the  engine  is  handled." 
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FIG.    18— CH.AR.^CTERISTIC   ECONOMY  CURVES   OF  ENGINE   AND   TURBINE 

A — 500  kw  steam  turbine  at  150  pounds  pressure,  100  degrees  superheat, 
and  28  inches  vacuum. 

B — 500  kw  compound  condensing  Corliss  engine  at  150  pounds  pressure, 
100  degrees  superheat,  and  28  inches  vacuum. 

C — Average  operating  economy  of  500  kw  Corliss  engine. 

It  is  the  extent  of  this  deterioration  in  efficiency  then,  which 
may  vary  from  one  to  ten  percent  or  more,  that  concerns  the  power 
engineer.  Such  conditions  are  shown  in  the  report  of  Messrs.  Dean 
&  Wood,*  in  which  the  fact  was  prominently  brought  out  that  the 

=^^Before  the  American  Society  of  Mechanical  Engineers  in  1908. 
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performance  of  practically  all  small  engines  was  very  much  inferior 

to  their  rated  efficiencies. 

These   statements  are   not  intended   as  an  arraignment   of   the 

reciprocating  engine  which,  nndouljtedly  has  been  one  of  the  potent 

factors  in  the  early  development  of  our  industries.     But  many  of 

its  present  drawbacks  are  so  evident  that  they  establish  reason  for 

its  rapid  supercession  by  the  turbine.     It  is,  of  course,  not  to  be 

gainsaid   that   the   reciprocating   engine   of   the   highest   type   using 

multi])le  cylinders,  steam  jackets,  reheating  receivers,  poppet  valves 

in  the  cylinder  head,  and  other  refinements,  have  made  noteworthy 

records.     However,  with  ordinary  working  conditions  and  designs, 

a  wide  departure  occurs  from  any  such  excellent  operation,  and  this 

is  becoming  more  broadly  recognized,  as  indicated  in  a  recent  new 

TABLE  III— COMPARISOXS  OF  REST  STEAM  RATE  WITH  AVER- 
AGE STEAM  RATE  OF  REClPROCATIX(;  EXGIXES 
IJSIXG  SATURATED  STEAM. 


Simple  X'on-Condcnsing 

Compound    X"on-Condensing.  .  . 

Simple  Condensino" 

Compound   Condensing 

Triple  Expansion  Condensing.... 
Quadruple  Expansion  Condensing 


Best   Steam   Rate  I  Average  Steam  Rate 
Lbs.  per  Ind.  Hp-Hr    Lbs.  per  Ind.  Hp-Hr. 


21.50 

19.14 

16.50 

11.22 

1 1 .05 
(162.20   B.t.u.  per 
min. ;  about  8.5) 


38.00 
23.00 
22.00 
18.00 


engineering  text  book*  which  compares  the  best  performance  at- 
tained by  different  types  of  reciprocating  engines  with  the  average 
results  to  be  expected  in  practice  with  the  usuah''*  good  engine 
oi)erating  on  reasonably  steady  loads.  C)])erating  conditions  have 
been  omitted,  but  manifestlv  it  is  the  relative  value  of  the  two 
coliuiins  in  Table  HI  which  bear  the  greatest  significance. 

For  non-condensing  service,  the  small  turbine  is  an  extremely 
close  competitor  of  the  recii)rocating  engine,  and  when  the  inability 
of  most  engines  to  maintain  their  efficiency,  is  properly  regarded, 
the  turbine  is  fully  on  a  parity,  or  may  even  surpass  the  engine. 
Partial  data  on  economies  is  always  unsatisfactory,  as  the  working 
conditions  of  speeds,  pressures  and  capacities,  should  invariably  be 
considered,  due  to  the  marked  influence  they  exert  upon  the  results 
obtained. 

Essential   as   it   may   be   where   the    fuel   supply   is   costly,   the 


"Applied  Thcnnodynamics   for  Engineers,  by   Prof.   W.   D.   Ennis. 
**It  should  be  borne  in  mind  that  in  the  book  referred  to,  no  distinction 
was  drawn  between  automatic  and   four-valve  engines. 
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heat  efficiency  of  apparatus  is  plainly  not  the  only  governing  factor 
in  the  selection  of  power  house  equipment.  The  cost  to  operate 
and  maintain  should  also  be  critically  regarded.  Total  operating 
cost  of  small  stations  averages  as  high  as  2.5  cents  per  k\v-hour  or 
more,  down  to  0.6  cents  or  slightly  less  per  kw-hour,  including  fuel, 
labor,  oil,  waste,  supplies  and  maintenance.  Evidently  these  figures 
depend  upon  size  and  type  of  equipment,  cost  of  fuel,  loading  and 
other  local  factors,  so  that  comparison  may  be  misleading  unless 
surrounding  conditions  in  the  two  types  of  plants  are  very  similar. 
While  such  data  is  usually  rare,  the  following  relationship  between 
the  turbine  and  high  grade  reciprocating  engine  layout  obtained 
from  the  actual  operation  of  stations  of  about  5  000  kw  aggregate 
ca])acity  in  corresjjonding  service,  represents  fairly  well  the  eco- 
nomic intluence  of  the  steam  turljine.  With  the  engine  costs  taken 
as  unity  the  comparative  costs  in  the  turbine  station  follow: — 

Fuel    ()3      percent   (liigh)* 

Lal)or    and    Superintendence..  75.5  ])erccnt 

Oil.    Supplies.    Miscellaneous..  J3      percent 

Repairs    and    Maintenance....  -6      jiercent 

Total   Operation    S3. 7  percent 

For  smaller  plants,  these  ratios  shoidd  increase  to  some  extent, 
but  the  overall  results  with  the  turbine  will  in\ariably  remain 
superior.  The  foregoing  percentages  may  fluctuate  greatly,  de- 
pending u])on  many  factors,  as  the  "personal"  efficiency,  age  of  ap- 
paratus, skill  in  operation  (boilers  in  particular),  etc.,  but  invaria- 
bly the  turbine  ])lant  will  be  found  the  most  profitable,  not  only 
from  such  immediate  results  as  just  cited,  but  also  from  the  indirect 
causes  previously  defined.  In  a  like  manner  we  mav  treat  of  other 
forms  of  power  machinery,  but  with  stations  of  moderate  size  here- 
in discussed,  and  coal  not  exceeding  $3  to  S3. 50  i)cr  ton  in  cost,  the 
best  results  are  to  be  derived  with  the  tiu-bine  c(|tupment  when  both 
their,  aggregate  nuuiing  expense  and  capital  accoimt  iov  the  year 
are  compared. 

IN.STALLATION 

More  striking  than  any  other  feature,  is  the  exceedingly  small 
engine  room  required  to  accommodate  the  turbine  equipment.  An 
extreme  example  has  been  taken  such  as  would  exist  in  a  city  office 


*In  tlie  case  of  the  engine  plant,  the  individual  loading  on  the 
units,  which  were  greater  in  number,  was  more  favorable  to  good 
economy  than  in  the  "turbine  station,  which  explains  the  apparently 
small  improvement  of  this  item  with  the  turbine. 
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building  where  property  and  likewise  the  basement  space  possesses 
considerable  value. 


'A<^/y/yyyy/x/////////////////////////////////. 
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Total  Area  Floor  Space  -9625  Sq.  Ft 

150  Kw  150  Kw  150  Kw 


I-IG     iQ — RELATIVE  MINIMUM   FLOOR  AREA  DEMANDED  BY   EFFICIENT   NON-CONDENS- 
ING  CORLISS   ENGINES   AND   TURBINES,   EACH    AGGREGATING   9OO   KW 

With  an  installation  of  tandem,  compound  reciprocating  units 
of  equal  aggregate  capacity,  Fig.  19  ;(given  preference  over  the 
cross-compound   on   account   of   space   conditions),   the   floor  area 
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requirements  would  be  approximately  three  times  that  of  the  tur- 
bine equipment,  in  spite  of  the  fact  that  a  500  kw  alternator  with 
a  rotary  converter  was  included  for  the  purpose  of  supplying  direct 
current  when  this  might  have  been  accomplished  in  a  more  direct 
way.  Obviously  the  turbine  contributes  materially  toward  economy 
in  the  building  and  real  estate  investment.  No  restrictions  are  placed 
on  the  location  of  the  turbines  since  heavy  foundations  to  prevent 
vibration  are  not  essential.  Therefore,  the  turbines  may  be  placed 
in  accordance  with  the  arrangement  best  suited  to  local  conditions. 
They  may  even  be  carried  on  a  structural  support  on  a  deck  over 
the  boiler  room  or  other  space,  or  else  set  up  in  the  basement  with- 
out fear  of  imparting  vibration  to  the  building.  Due  to  its  rotary 
motion,  there  are  no  pulsations  in  the  turbine,  rendering  the  use 
of  foundation  bolts  unnecessary.  The  compactness  of  the  turbine 
also  facilitates  its  transportation  and  erection.  Turbines  of  the 
sizes  described,  may  be  placed  in  service  with  unusual  dispatch 
when  received  at  the  power  station,  thereby  involving  a  minimum  of 
time  and  expense  for  their  installation. 

ADDENDUM 

Tliis  <;iil:)jpct  is  manifestly  so  comprehensive  that  its  many  phases  may 
be  treated  only  superficially  in  the  limited  space  of  an  article  of  this  nature. 
In  conclusion,  therefore,  it  may  be  suggested  that  other  contributions  on  tur- 
bines be  consulted,  and  for  a  simple  presentation  of  the  theory  and  coii- 
struction  of  the  turbine,  we  would  recommend  the  paper  read  by  Mr.  Francis 
Hodgkinson  before  the  American  Society  of  Mechanical  Engineers  (Chicago 
meeting,  IQ04),  entitled  "Some  Theoretical  and  Practical  Considerations  in 
Steam  Turbine  Work,"  and  his  paper  before  the  Engineers  Society  of  West- 
ern Pennsylvania  (1902)  on  "Steam  Turbine,  with  Special  Reference  to 
Westinghouse-Parsons  Steam  Turbine."  As  to  the  economic  value  of  the 
turbine,  a  review  of  its  commercial  aspect  in  a  paper  by  Mr.  E.  H.  Sniffin 
before  the  American  Street  Railway  Association  in  1902,  is  suggested.  While 
these  papers  appeared  some  time  ago,  they  are  still  as  useful  to-day  as  when 
firs:  issued.  For  enlargement  upon  recent  progress  in  design,  the  following 
papers  by  the  author  may  be  of  interest : — 

"Some  Steam  Turbine  Considerations  and  Recent  Efficiencies"  (En- 
gineers Society  of  Penn'a,  1910),  The  Electric  Journal,  March  and  April, 
I9ir. 

"Various  Phases  of  Low  Pressure  Turbine  Work"  (Providence  Assocn. 
of  Mechanical  Engrs..  191O,  The  Electric  Journal.  May,  191 1. 

"Present  Steam  Turbine  Progress"  (Railway  Club  of  Pittsburg,  1910), 
The  Ellctric  Journal,  August,  1910. 
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EDWIN  MUSSER  HERR 

A  SKETCH  OF  CHARACTER 

L.  A.    OSBORNE 
Vice-President,  Westinghouse  Electric  &  Mfg.  Company 

THE  selection  of  a  new  President  by  the  Directors  of  the 
Westinghouse  Electric  &  Mfg.  Company  is  of  more  than 
local  significance.  The  i)olicies  of  an  institution  such  as 
the  Electric  Company  are  matters  of  vital^ interest  not  only  to  the 
thousands  of  its  employees  but  to  the  users  of  electrical  apparatus 
the  world  over.  Dn  the  soundness  of  its  ])()licics  and  the  selec- 
tion of  the  right  man  to  lead  the  Company's  destinies  depends 
not  only  the  welfare  of  the  great  army  of  em])loyees  but  the  con- 
tinued economic  advancement  of  the  electrical  art,  in  which  the 
Company  has  been  so  long  and  actively  engaged. 

It  is  a  matter  then  of  more  than  mere  ordinary  curiosity  which 
leads  the  world  to  desire  to  know  something  of  tlie  man  who  has 
been  selected  to  head  this  important  enter])rise.  A  sim])le  chron- 
ological statement,  while  significant  of  an  indixidual's  ])rogress, 
fails  to  tell  the  whole  story  of  a  man  and  usually  gives  no  insight 
into  his  personality,  and  it  is  the  personality  of  the  man  after  all 
which  counts  and  it  is  that  in  which  the  world  in  general  is  most 
interested. 

Edwin  Musser  Herr  is  fifty-one  }ears  old  and  his  progress 
from  the  time  that  he  was  station  master  and  operator  at  Deer 
Trail,  Colorado,  on  the  Union  Pacific  Railroad,  in  his  early  youth, 
through  his  college  career  at  Yale,  where  he  graduated  as  me- 
chanical engineer  in  1SX4,  his  apprenticeshii),  his  increasingly  im- 
portant positions  in  railroad  operation  with  the  Chicago,  Milwau- 
kee &  St.  Paul,  the  Chicago  &  Northwestern,  the  Burlington  and  the 
Northern  Pacific,  his  industrial  connections  with  the  Grant  Eoco- 
motive  Works,  the  Gibbs  Electric  Company  of  Milwaukee,  the 
Westinghouse  Air  Brake  Company,  and  as  senior  vice-president 
of  the  Westinghouse  Electric  &  Mfg.  Company,  exemplifies  in  a 
striking  degree  the  value  of  earnestness,  devotion  to  duty  and  fair- 
mindedness,  associated  with  an  unusual  talent  for  executive  work. 

It  has  been  my  privilege  now  for  something  over  six  years 
to  be  associated  with  Mr.  Herr,  during  all  of  which  time  he  has 
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been  my  immediate  superior.  It  is  but  natural  that  during  a  period 
of  such  intimate  contact,  one  should  form  well-defined  opinions 
concerning  the  personal  and  intellectual  qualities  of  the  man.  It 
is  the  experience  of  all  to  hear  it  frequently  said  that  human  nature, 
when  viewed  from  the  standpoint  of  intimate  daily  association,  be- 
comes commonplace  and  that  the  greatest  men  exhibit  ordinary 
characteristics  when  seen  at  close  range.  Judged  by  the  tests  of 
daily,  intimate  association,  Mr.  Herr  has  signally  failed  to  justify 
this  cynical  view  of  the  world.  Without  eft'ort,  without  any 
self-seeking,  naturally  and  as  a  matter  of  the  ordinary  day's  work, 
he  has  profoundly  impressed  his  personality  on  the  Company  and 
to  such  an  extent  that  his  assumption  of  the  highest  executive  office 
in  its  gift  has  been  accomplished  and  accepted  by  everyone  as  a 
matter  of  course. 

To  him  more  than  anyone  have  all  looked  for  guidance  dur- 
ing the  trying  period  of  stress  through  which  the  Company  has 
passed  in  the  last  few  years,  and  to  his  sanity,  good  judgment  and 
foresight  can  largely  be  attributed  the  success  with  which  the 
Company  has  emerged  from  its  difficulties. 

If  I  were  to  be  asked  what  particular  qualities  characterize  Mr. 
Herr,  as  differentiating  him  from  the  ordinary  run  of  men,  I  should 
have  to  reply  that  there  are  many :  First — his  sense  of  duty  is  a 
prominent  characteristic ;  his  devotion  to  work  is  a  tradition  among 
Westinghouse  employees ;  hours  count  for  nothing  if  they  can  be 
devoted  to  the  upbuilding  of  the  interests  of  the  Company.  He  is 
among  the  earliest  at  work  in  the  morning  and  of  the  last  to  leave 
at  night,  and  the  intervening  day's  work  is  devoted  systematically 
and  continuously  to  constructive  work.  He  seems  to  have  in  an 
unusual  degree  the  proper  balance  between  the  important  and  the 
unimportant  and  yet  no  details  are  too  complex  for  him  to  master 
if,  in  his  judgment,  it  is  important  that  he  should  do  so. 

Another  important  characteristic  of  Mr.  Herr  is  his  coolness 
and  poise.  In  the  most  trying  situations  he  is  a  fly-wheel  to  all 
of  those  about  him.  His  judgment  is  never  warped  by  exhibitions 
of  impatience  or  temper.  In  all  of  my  six  years'  association  with 
him,  I  have  never  seen  him  lose  his  temper  and  the  occasions  which 
would  have  justified  it  have  been  many. 

With  all  Mr.  Herr's  earnestness,  singleness  of  purpose  and 
poise   in   the   many   difficult,   trying   and   annoying   problems   with 
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which  he  is  called  upon  to  deal,  a  refreshing  phase  of  his  char- 
acter is  his  sense  of  humor.  He  is  quick  to  detect  the  ridiculous 
and  amusing  in  situations  that  are  overstrained  and  that  sense  of 
humor  I  have  often  seen  come  to  the  rescue  when  it  was  most 
needed.  He  not  only  sees  the  humor  in  situations  applying  to 
others  but  will  laugh  just  as  heartily  when  the  joke  is  on  himself. 

There  is  one  quality  which  he  possesses,  however,  which  tran- 
scends all  others  and  which  leads  men  to  follow  him  and  that  is  his 
sympathy  and  fairness.  This  quality  of  sympathy  for  others  in 
him  is  best  illustrated  by  the  constructive,  continuous  and  systema- 
tic interest  he  takes  in  the  educational  work  of  the  younger  men 
and  in  his  efforts  to  better  the  conditions  of  employment. 

In  all  the  difficult  questions  that  he  has  had  to  decide  as 
between  man  and  man  in  the  large  organization  of  which  he  has 
been  the  head,  I  have  never  yet  heard  anyone  say  that  he  was  un- 
fair or  had  ever  done  any  act  which  could  be  construed  as  indi- 
cating favoritism  or  bias. 

I  believe  it  to  be  the  unanimous  judgment  of  his  subordinates 
that  his  selection  for  the  high  post  of  President  of  the  Company 
is  the  right  and  proper  one  and  that  his  personal  qualities  are 
such  as  will  insure  him  the  united  and  sympathetic  support  of 
every  man  under  him,  while  his  great  experience  and  ability  will 
inspire  all  to  follow  his  leadership. 

I  appreciate  that  in  being  asked  to  write  a  short  personal 
sketch  of  Mr.  Herr,  it  is  extremely  difficult  to  strike  the  proper 
balance  between  fulsome  praise  and  what  might  appear  to  be  a  cold 
analysis  of  character.  Good  taste  on  my  part  should  relieve  Mr. 
Herr  of  the  embarrassment  of  having  things  said  of  him  which 
would  offend  his  modesty,  for  he  is  a  modest  man  in  the  best 
sense  of  the  term,  but  I  am  sure  that  these  few  statements  of 
what  appear  to  me  to  be  the  salient  qualities  of  the  man  will 
find  a  strong  response  in  the  heart  of  everyone  who  has  been  priv- 
ileged to  know  him  intimately. 


EFFECT  OF  STARTING  CURRENTS  ON 
POWER  CIRCUITS 

J.  W.  FOX 

THERE  has  been  considerable  discussion  at  various  times  as  to 
the  effect  of  the  starting  currents  of  squirrel  cage  motors 
on  power  lines.  In  some  cases  transmission  companies  have 
prohibited  squirrel  cage  motors  ab(^ve  a  certain  size  from  being  con- 
nected to  their  circuits,  the  claim  being  made  that  the  large  starting 
currents  taken  by  such  motors  at  a  low  power-factor  affected  their 
voltage  regulation  to  a  serious  extent.  Tests  to  determine  the  effect 
of  motors  of  this  type  have  been  made  in  various  plants  and  the 
charts  here  given  show  graphic  recording  meter  records,  both  watt- 
meter and  ammeter  which  represent  the  regular  starting  conditions 
in  two  large  cotton  mills.  The  voltages  were  checked  by  the  aid  of 
indicating  meters.  The  graphic  readings  were  also  checked  by 
both  switchboard  instruments  and  portable  test  meters,  all  of  which 
agreed  within  a  very  small  percentage. 

The  chart  shown  in  Vig.  i  was  taken  in  a  cotton  mill  using 
secondary*  power.  It  is  of  25000  spindle  capacity  and  has  a  total 
motor  equi])ment  of  i  000  liorse-power.  The  motors  are  three- 
phase,  60  cycle,  2200  volts  of  the  following  sizes, — one  30  hp  ;  one 
50  hp;  seven  y=,  hp  and  four  100  h]).  It  may  be  seen  from  the 
chart  that  the  full  or  normal  running  load  during  the  day  is  ap- 
proximately 700  kw  at  an  average  ])r)wer-f actor  of  about  74  percent. 
From  Fig.  i  it  may  be  seen  that  the  motors  were  started  at  5 :55 
A.M.  and  that  it  took  about  15  minutes  to  get  all  the  motors  run- 
ning; the  mill  machinery  was  then  started  by  the  machine  operators 
as  the  whistle  was  blown  at  6  AM.  The  load  early  in  the  morning 
was  750  kw  (2358  volts  and  88.3  percent  power-factor)  while  the 
ampere  readings  of  the  same  hour  show  about  208  amperes 
(850  k.v.a.). 

The  momentary  starting  peak  is  only  about  ten  percent  greater 
than  the  normal  operating  condition  which  is  about  640  kw  at  73.5 
percent  power-factor,  228  amperes  per  phase  at  2200  volts,    (870 


*Secondary  power  may  be  cii*-  off  at  the  discretion  of  the  power 
company  in  times  of  low  water.  The  rates  are  cheaper  than  for  pri- 
mary power  which  is  guaranteed  continuous  service,  See  the  JouRNAt 
for  April,  iQu,  p.  351. 
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k.v.a.).  The  peak  is  caused  by 
starting  the  lOO  hp  motors.  Be- 
tween 12  and  12:30  P.M.  the  weave 
room  is  operated,  also  some  parts 
of  the  card  room ;  the  chart  shows 
the  starting  of  two  100  horse-power 
motors  in  the  spinning  room  for 
cleaning  or  other  purposes,  the 
main  load  gradually  going  on  at 
12:30  P.M.  The  starting  condi- 
tions shown  each  day  are  essen- 
tially similar. 

The  next  portion  of  the  chart 
shows  a  i)eculiar  condition  and  yet 
one  that  is  lia])lc  ti)  lia])pcn  wiih 
any  i)ublic  service  plant.  Here  the 
power  was  cut  off  at  the  generating 
station,  the  result  being  that  the  en- 
tire load  throughout  the  system  was 
momentarily  dr()])])ed.  When  a 
condition  like  this  arises  it  is  cus- 
tomary for  every  consumer  1)  do 
his  best  to  get  his  plant  in  operation 
again  as  soon  as  the  p^wer  is  avail- 
able, and  it  is  during  such  times 
that  the  generating  station  is  taxed 
the  heaviest.  Ammeter  readings 
taken  at  this  time  show  that  the  n:o- 
mentary  ampere  peak  was  onlv 
about  22  percent  greater  than  the 
normal  load  in  amperes.  The  pow- 
er plant  behind  this  mill  had  a  capa- 
city of  about  100  000  horse-power, 
the  transmission  lines  ojjerating  at 
44  000  volts,  with  the  main  genera- 
ting station  about  60  niiles  away. 

The  cotton  mill  referred  to 
above  was  originally  designed  for 
steam  drive.  Motors  were  later 
installed  on  the  "group  system". 
The    old    shafting   and    belts    have 
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been  retained  so  that  in  case  of  failure  of  the  power  plant  or  cutting 
off  the  power  at  periods  of  low  water  it  could  return  to  the  steam 
mechanical  drive.  The  shafting  load  under  conditions  like  this  is 
necessarily  greater  than  if  the  mill  had  been  laid  out  for  electric 
drive.  All  motors  are  of  the  squirrel-cage  type  and  are  started 
from  double-throw  or  two-point  automatic  circuit  breakers,  through 
auto-transformers,  on  a  65  percent  tap. 

The  chart  shown  in  Fig.  2  was  taken  in  a  mill  of  approxi- 
mately 40  000  spindles,  having  a  motor  equipment  of  i  350  horse- 
power. The  motors  were  three-phase,  60  cycle,  600  volt  machines 
varying  in  size  from  50  to  100  horse-power.  The  order  of  starting 
the  motors,  as  clearly  shown  on  the  chart,  is  as  follows : — 

Weave    Room    75,     100     100  and  75  hp  motors. 

Card    Room     100,       75,     100  and  75   hp  motors 

Spinning   Room    ..      50,      100,     100,     100.     100  and  100  hp  motors. 

The  highest  peak  at  starting  shows  960  amperes,  while 
the  normal  running  load  is  1070  amperes,  or  about  nine  percent  less 
for  starting  than  operating.  Thirteen  minutes  was  consumed  in 
starting  the  motors.  About  fifteen  minutes  past  6  A.M.  one  of  the 
100  hp  motors  was  shut  down  and  started  up  two  minutes  later. 
The  momentary  peak  is  about  ten  percent  higher  than  the  normal 
ampere  line;  and  this  motor  took  about  two  and  one-half  times  its 
rated  full-load  current  to  start.  The  power-factor  at  the  instant  of 
starting  the  motors  listed  above  is  aljotit  60  percent,  the  kilowatts 
being  54  percent  of  the  normal  load.  Another  way  of  stating  the 
same  fact  is  that  the  starting  k.v.a.  is  915  or  about  200  k.v.a.  less 
than  the  normal. 

The  power  plant  behind  this  installation  consists  of  2  600  kw 
in  generator  capacity,  three-phase,  60  cycles,  and  transmission  lines 
of  II  200  volts,  six  miles  long.  Current  is  stepped  down  at  the 
cotton  mill  from  1 1  200  to  600  volts. 

A  comparison  of  the  charts  taken  from  the  two  mills  shows 
that  the  starting  conditions  of  the  first  plant  as  compared  to  the 
operating  conditions  are  more  severe  on  both  the  transmission  line 
and  the  generators  than  those  of  the  second.  The  difference  is  due 
to  the  fact  that  the  second  mill  was  designed  for  electric  drive  and 
amount  of  shafting  used  is  a  minimum. 

Altogether  the  foregoing  charts  show  in  a  very  clear  manner 
that  a  power  company  or  central  station  delivering  current  to  a 
cotton     mill     equipped     with     large     squirrel      cage     motors     has 
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nothing  to  fear  from  the  current 
required  to  start  such  motors.  It 
is  plainly  shown  that  the  current 
during  the  starting  period  in  such 
a  case  does  not  materially  exceed 
the  current  drawn  from  the  line  for 
normal  operation. 

The  same  result  might  have 
been  anticipated  by  making  a 
careful  analysis  of  the  conditions. 
In  one  of  these  mills  the  size 
of  the  maximum  motor  is  about 
ten  percent  of  the  total  motor 
capacity  and  in  the  other  less 
than  eight  percent.  A  squirrel- 
cage  motor  takes  two  and 
one-half  to  three  and  one-half 
times  full-load  current  from  the 
line  during  the  short  interval  of 
starting.  The  interval  of  starting 
one  of  these  motors  is  a  very  short 
one  and  the  period  during  which 
excess  current  is  drawn  does  not, 
as  a  rule,  exceed  five  seconds.  Af- 
ter the  motor  commences  to  speed 
up  the  current  required  to  operate 
it  drops  rapidly.  The  current, 
therefore,  to  start  a  motor  which 
has  a  capacity  of  ten  percent  of  the 
total  equipment  of  the  mill  will  be 
not  more  than  25  to  30  percent  of 
the  total  current  which  the  mill  will 
require  when  operating  at  full  load ; 
moreover,  this  starting  current  is 
taken  for  a  very  short  period.  It 
would  be  necessary,  therefore,  to 
start  three  or  four  such  motors 
simultaneously  before  the  full-load 
current  of  the  mill  could  be  exceed- 
ed during  the  starting  period.  Since 
the  large  current  flow  is  demanded 
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by  the  motor  during  the  starting  period  for  so  short  a  time  it  is 
highly  improbable  that  so  many  motors  could  be  started  at  once  as 
to  cause  the  current  at  starting  to  exceed  that  for  running  during 
the  normal  operating  period. 

It  is  true  that  the  above  view  does  not  tell  the  whole  story.  As 
more  and  more  motors  of  a  given  mill  are  started  up,  the  power 
taken  from  the  line  due  to  the  loads  which  these  motors  take,  is 
constantly  increasing.  As  the  last  of  the  motors  are  started  up,  the 
starting  current  of  these  motors  is  added  to  the  current  which  is 
demanded  by  the  running  condition  of  the  motors  already  started. 
Therefore,  the  starting  conditions  as  th.e  last  motors  are  placed  in 
operation  are  more  severe  than  those  when  the  hrst  motors  are 
started.  However,  it  is  customary  in  cotton  mill  practice,  as  in 
many  other  lines  of  work,  to  start  the  line  shafts  hrst,  the  inilividual 
machines  being  started  up  later  l)y  loose  pulleys  and  belts. 

An  ins-pection  of  Fig.  i  shows  that  when  the  individual 
machines  are  started  tlie  power  taken  l)y  tlie  motors  is  increased 
about  50  percent.  In  other  words,  tlie  mill  when  run  without  the 
individual  machines  l)eing  in  operation  recpiires  ap])roximately  50 
percent  of  the  amount  of  power  which  is  actually  demanded  when 
all  of  the  individual  machines  are  in  operation.  The  worst  condi- 
tion in  starting,  therefore,  would  1,'e  when  the  last  two  or  three 
motors  are  being  started.  Under  these  conditions  there  would  be  a 
power  demand  dvQ  to  the  luotors  already  running  of  40  to  50  percent 
of  the  total  normal  d.-mand  of  the  mill.  To  this  would  l)e  added 
the  starting  current  demanded  by  the  last  motors  starting.  If  the 
last  two  motors,  each  demanding  25  to  35  ])ercent  of  tlie  normal 
operating  current  for  the  mill,  were  to  be  started  at  the  same  instant, 
the  total  current  required  would  only  slightly  exceed  the  total  cur- 
rent demanded  to  operate  the  mill  under  normal  conditions. 

It  is  exceedingly  unlikely  in  any  mill  that  more  than  two  motors 
will  be  started  and  demand  the  heavy  "starting  current  at  exactly  the 
same  instant.  This  follows  from  the  consideration  that  the  time 
during  which  there  is  a  large  current  demand  by  the  motors  during 
the  starting  period  is  an  exceedingly  small  ])ro])ortion  of  the  total 
starting  period.  The  final  conclusion  which  is  manifest  ironi  tlie 
above  charts  and  analysis  is  that  the  prejudice  in  the  minds  of  many 
power  c(;m])anies  against  the  use  of  sc|uirrel-cage  motors  on  account 
of  starting  difficulties  is  largeh'  unfounded. 


POWER  HOUSE  LIGHTING 

C.  E.  CLEWELL 

AMONG  the  most  important  reciuirements  of  powei  house  light- 
ing are  reHability  at  all  times  and  such  a  distribution  of  the 
light  that  all  parts  of  the  machines  may  readily  be  seen, 
with  as  few  shadows  as  possible.  In  the  engine  room,  valves,  gauges 
and  switch-board  instruments  must  be  adequately  lighted,  but  a  gen- 
eral illumination  from  lamps  mounted  overhead  is  of  equal  im- 
portance, so  that  the  entire  floor  space  shall  be  suitably  lighted. 
There  should  he  no  difficulty  in  getting  around  the  various  machines 
and  a  general  illumination  over  the  entire  floor  will  go  far  toward 
promoting  rapid  and  eflicient  work  during  times  of  emergency  and 
repairs. 

In  overhauling  the  steam  and  electrical  ecjuipment  it  is  desir- 
able that  deep  oi)enings  in  and  around  the  machinery  be  sufficiently 
lighted,  and  it  will  further  be  found  highly  desirable  to  provide  an 
adequate  amount  of  side  light,  for  the  ])urpose  of  properly  illumir.- 
ating  the  sides  of  apparatus,  which  under  the  t^-dinary  methods  of 
lighting  will  often  be  found  to  be  in  comparative  darkness  due  eitlier 
to  an  insufliciency  of  the  side  component  of  the  light  or  to  marked 
shadows. 

ECONOMY    AND   I:MP0RTANCE   OF   GOOD   LIGHT 

xA_mong  the  elements  which  promote  the  successful  operation  of 
a  central  station  or  power  house  are  adequate  and  reliable  steam 
and  electrical  equipment,  a  suitable  arrangement  of  the  machinery, 
coal  and  water  facilities,  ventilation,  and  artificial  lighting  of  an  in- 
tensity, ((uality  and  distrilmtion  to  aid  in  the  operation  of  the  plant 
during  dark  days  and  at  night,  and  to  facilitate  repairs  and  emer- 
gency work  at  those  times  when  artificial  light  is  imperative.  The 
central  station,  therefore,  usually  looked  upon  as  the  source  from 
which  light  and  energy  may  be  derived  Ijy  the  public,  requires  light 
of  suitable  quarit}'  in  the  economy  of  its  own  operation.  A  pro- 
longed shut-down,  due  to  accident  or  otherwise,  involves  more  in- 
conveniences and  losses  of  time  and  monev  perhaps  than  a  similar 
accident  in  an}-  other  industrial  enterprise,  and  no  element  of  the 
equip'.rent  should  be  overlooked  in  attempting  to  secure  that  con- 
tinuity of  service  which  makes  for  reliability  and  satisfaction  as  fa.r 
as  the  consvimer  is  concerned, 
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In  like  manner  power  plants  associated  with  large  industrial 
concerns  are  the  source,  not  only  of  the  artificial  light  for  the  fac- 
tory, but  also  of  most,  if  not  all,  of  the  motive  power,  and  here 
again  continuity  of  service,  where  perhaps  thousands  of  workmen 
are  dependent  on  the  motor  driven  machinery,  is  of  utmost  con- 
cern, especially  when  it  is  considered  that  in  some  industrial  plants 
a  shut  down  of  several  minutes  involves  losses  of  hundreds  of  dol- 
lars in  lost  wages.  Such  losses  must  be  chargeable  to  the  power 
house  and  should  be  avoided  by  the  station  superintendent  in  every 
way  possible. 

A     NEW     VIEWPOINT 

In  the  past  the  subject  of  power  house  lighting  has  received 

but  little  intelligent 
attention  and  the 
two-fold  object  o  f 
this  article  is  first  to 
indicate  the  progress 
which  has  been  made 
towards  securing 
more  economical  and 
better  lamps,  and 
second  to  point  out 
some  of  the  princi- 
ples of  installation 
which  result  in  far 
more  effective  light 
than  has  been  realiz- 
ed in  the  past. 

Specialists  in  this 
field  and  the  public 
generally  are  coming 
to  an  understanding  of  what  good  light  involves,  and  new  lamps  and 
accessories  are  now  being  applied  to  secure  these  results.  In  a 
great  degree  the  new  science  of  illuminating  engineering  and  the 
accompanying  practical  application  of  illuminating  devices  have 
been  advanced  by  the  introduction  of  such  lamps  as  the  Nernst, 
Cooper  Hewitt,  metallized  filament,  tantalum,  tungsten,  metallic 
flame  arc,  quartz  mercury  vapor,  and  the  Moore  lamp,  all  products 
of  the  last  few  years.    This  advancement  has  been  largely  influenced 


F1(J.     I — TYPICAL    BOILER    ROOM     SHOWING    THE    EFFECT 
OF  COOPER-HEWITT  LIGHTING   AT  NIGHT 

Note. the   excellent   distribution   of  light   on   the 
front  of  the  boilers. 
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by  the  fact  that  whereas  ten  years  ago  electric  Hghting  was  Hmited 
either  to  very  small  or  very  large  lamps,  such  as  the  carbon  filament 
lamp  on  the  one  hand  or  the  arc  lamp  on  the  other,  new  possibilities 
are  now  presented  in  all  branches  of  the  lighting  industry,  since 
a  variety  of  types  of  medium  candle-power  lamps  are  to-day  avail- 
able. 

RELATION   TO  EFFICIENT   OPERATION 

The  operation  of  a  power  plant  consists  in  the  routine  attend- 
ance on  the  machin- 
ery, such  as  oiling, 
cleaning,  starting  and 
shutting  down  of  ma- 
chines, and  reading 
gauges  and  switch- 
board  instruments. 
In  carrying  on  this 
routine  work  the 
prompt  detection  of 
trouble  is  important. 
Good  light  will  be  an 
aid  in  this  direction. 

Those  who  have 
studied  the  problem 
of  power  house  oper- 
ation under  condi- 
tions of  inadequate 
artificial  light  will  ap- 
preciate the  difficul- 
ties involved.  Re- 
pairs     to     apparatus, 

FIG.   2 — POWER   HOUSE   LIGHTED  BY  LAMPS   WHICH    ARE     chaUgCS    Ul    Wirmg,  re- 
RATHER   LARGE   IN   COMPARISON    WITH    THE    MOUNT- 
ING HEIGHT 

The  effect  of  large  lamps  widely  separated  is  to 
produce  marked  shadows  and  a  poor  distribution    which    call     not 
of   light.     This    illustration   shows  the   importance 
of  adequate   light  at  the  time  of  making  repairs. 
Photograph  taken  at  night. 

suitable   quality    in    the    matter   of    direction,     diffusion     and    the 

absence  of   glare,    so  that    everything    connected   with  the    work 

in    hand    can    clearly    be    seen.       Work    of    this     kind,   where 

the     illumination      provided    by      lamps     mounted      overhead     is 

poor,  must  be  done  by  the  aid  of  extension  lines  equipped  with 


arrangement  of  ma- 
chines, are  all  items 
only 

for      adequate      light 
but   also    for  light   of 
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carbon  lilament  lamps,  resulting  in  delays.  Plenty  of  illumination 
from  overhead  lamps  permits  rapidity  of  motion  and  facilitates 
repair  and  emergency  work. 

LOCATIONS    INVOLVED 

Boiler  Room — A  reference  to  Fig.  i,  indicating  a  typical  boiler 
room,  will  show  the  nature  of  such  a  location.  A  narrow  passage- 
way is  faced  on  one  or  both  sides  with  boilers,  and  the  gauges, 
piping,  stoking  apparatus  and  valves  require  moderate  light.  Sat- 
isfactory  operation   requires  : — i — Adequate   light    for   gauges   and 


FIG.    3 — LARGE    POWER    HOUSE    IX    WHICH    CuurilR-HEWITT    .MEKCCKV    VAPOR 
LAMPS    HAVE    BEEN    PLACED    ALONG    THE    SIDES    OF    THE    ROOM 

This  arrangement  provides  excellent  side  light,  and  where  there 
are  no  high  machines  or  other  apparatus  on  the  floor,  the  lighting 
is  also  fairly  good  at  the  center  of  the  room.  Obstructions,  however, 
cast  shadows  due  to  the  location  of  the  lamps.  Photograph  taken 
at  night. 

valves ;  2 — Sufficient  general  light  in  the  aisle  for  firing  and  cleaning 
the  furnaces  and  for  ordinary  attendance ;  3 — Some  side  light  on  the 
front  of  boilers  and  furnaces ;  4 — No  glare. 

Basement — The  basement  usually  has  a  low  ceiling  and  is 
crowded  with  pumps,  condensers  and  other  accessories.  The  ap- 
paratus sometimes  extends  from  floor  to  ceiling,  making  the  lighting 
somewhat  difficult.  The  dampness  in  the '  basement  calls  for 
Special  precautions  in  the  installation  of  wiring  and  lamps.    On  ac- 
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count  of  the  crowded  condition  of  the  machinery  and  low  ceihngs, 
numerous  small  units  should  be  used. 

Coal  Bins  and  Conveyors — Where  automatic  stoking  is  em- 
ployed the  coal  bins  are  placed  above  the  boiler  room,  and  must  be 
accessible  for  inspection  and  some  attendance.  The  passage-ways 
through  which  the  coal  conveyors  operate  should  be  lighted  judi- 
ciously. Lighting  in  locations  of  this  kind  is  important  not  only  as 
an  aid  to  workmen  but  as  a  safeguard  against  accident.  The  lamps 
should  be  so  located  as  to  be  safe  from  accidental  breakage. 

Jinginc  Room — Typical  engine  rooms  are  shown  in  Figs.  2,  3. 


IK;.     4 — A     ^L•|•.-^TATll)^■     1 X     WHICH     COOPER-HEWITT     LAMPS     HAVE    BEEN 
USED   TO   GOOD   ADVANTAGE 

Note  the  excellent  light  on  the  front  of  the  switchboard  as  well 
as  on  the  sides  of  the  machines  and  on  the  floor.  Photograph  taken 
at  night. 

5,  6,  10  and  ii.  From  these  illustrations  it  will  be  seen  that  the 
floor  space  is  usually  filled  with  machines,  and  furthermore  that 
any  portion  of  the  floor  space  is  subject  to  use  for  repairs.  The  illu- 
mination requirements  are  i — Sufficient  general  light  for  attendance 
and  repairs  ;  2 — Switch  control  so  arranged  that  general  lighting 
may  be  made  moderate  for  ordinary  purposes  and  increased  for 
emergencies  and  repairs;  3 — Adequate  side  light;  4 — A  sufficient 
number  of  irxdium  sized  units  to  furnish  light  in  many  directions, 
thus  reducing  marked  shadows;  5 — No  glare;  6 — Absc'nte  reliabil- 
ity of  the  light  at  all  times. 
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CLASSIFICATION  OF  POWER   HOUSE  LIGHTING 

The  various  locations  associated  with  the  average  power  house 
present  features  more  aHke  in  general  characteristics  than  is  the 
case,  for  example,  in  factory  lighting.  The  engine  rooms  nearly 
always  involve  the  lighting  of  a  large  room  filled  with  individual 
machinery;  the  boiler  rooms  are  similar  to  one  another;  and  the 
problem  can,  in  the  main,  be  presented  in  the  form  of  a  typical  case 
which  will  contain  the  elements  of  successful  power  house  lighting. 


FIG.     5 — POWKR     HOUSE     IN     WHICH     COOPER- HEW  ITT     LAMPS     HAVE     GIVEN 
SATISFACTION 

Note  the  excellent  distribution  of  the  light  afforded  by  this  ar- 
rangement of  the  lamps  and  compare  with  Fig.  3.  Photograph  taken 
at  night. 


With  slight  modifications  and  good  judgment,  the  adaptation  of 
the  principles  and  facts  thus  set  forth  may  aid  in  designing  systems 
of  illumination  for  other  locations  of  this  kind. 

TYPICAL   POWER   HOUSE   LIGHTING    PROBLEM 

As  a  typical  example  of  power  house  lighting  in  which  the  prin- 
ciples of  successful  illumination  are  found,  a  power  house  will  be 
considered,  which  contains  an  engine  room  of  about  10  000  square 
feet  of  floor  space,  and  in  which  a  satisfactory  installation  of 
medium  sized  lighting  units  has  recently  been  made.  This  power 
house  consists  of  an  engine  room,  a  plan  and  elevation  of  which 
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are  shown  in  Figs.  7  and  9,  a  boiler  room,  coal  bins  and  conveyor, 
and  basement.  The  walls  and  ceiling  of  the  engine  room  are  light 
in  color ;  the  height  from  floor  to  ceiling  is  24  feet  and  the  room  is 
divided  into  bays  16  by  76  feet,  on  the  average. 

This  room  was  originally  equipped  with  six  enclosed  arc  lamps 
spaced  about  32  feet  apart  and  mounted  21  feet  above  the  floor. 
The  arrangement  was  equivalent  to  about  one  lamp  for  four  16  foot 
bays  or  about  0.4  watt  per  square  foot  of  floor  space.  The  arrange- 
ment of  lamps  as  found  is  shown  in  Fig.  8  where  the  arc  lamps  of 


FIG.     6 — ILLUSTRATION     OF    THE    ARRANGEMENT     OF     HIGH     CANDLE-POWER 

LAMPS  OF  THE  METALLIC  FLAME  TYPE   IN   A   LARGE  POWER   HOUSE 

WITH    HIGH    CEILING 


Photograph  taken   during  the   day. 


the  original  installation  are  indicated  by  circles.  The  complaints 
from  this  lighting  were  as  follows : — 

I — The  general  illumination  furnished  by  the  overhead  lamps 
was  so  poor  as  to  cause  difficulty  in  the  ordinary  work  of  attend- 
ance on  cloudy  days  and  at  night. 

2 — The  small  number  of  lamps  widely  spaced  produced  marked 
shadows  and  required  the  use  of  extension  lines  for  repairs  on  the 
apparatus. 

3 — The  lamps  flickered  at  times,  due  to  voltage  conditions,  the 
lamps  being  supplied  from  the  regular  service  mains. 
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Final  AkkancemExXt — As  a  result  of  this  investigation  tlie  fol- 
lowing changes  were  made  : — 

Boiler  Room — Individual  carbon  filament  lamps  were  installed 
over  gauges  and  valves,  and  general  illumination  was  provided  bv 
enclosed  arc  lamps  located  in  the  center  of  the  passage-way  between 
boilers.  The  light  thus  provided  of  moderate  intensity  was  found 
to  be  sufficient  for  the  class  of  work  involved. 

Basemen f — lOO-watt  tungsten  lamps  were  installed  in  some  of 
the  more  open  portions  of   the  floor  space  and  numerous  carbon 


FIG.    7 — FLOOR    PLAN    OF    A    TVPKAI.    LOWER    IIOUSP:    EXCINE    ROOM 

Showing  the  arrangement  of  machinery  and  lamps.  The  curves  show- 
ing distri!)ution  of  the  light  in  Fig.  lo  arc  jilotted  from  observations  taken 
alorg  the  dotted  lines  AA  and  BB.  Specitications : — 40  250  watt  clear  tung- 
sten lamps;  40  Holophane  reflectors;  lamps  mounted  so  as  to  hang 
even  with  under  side  of  girders.  The  numeral  /  adjacent  to  two  lamps 
indicates  that  they  are  controlled  from  one  switch,  the  numeral  3  adjacent 
to  three  lamps  indicates  that  they  are  controlled  from  a  second  switch  and 
so  on. 

filament  lamps  were  located  over  pum]:)s.  valves,   condensers,  and 
other  accessories. 

Coal  Bins  and  Conx-eyors — Carbon  filament  lamps  were  dis- 
tributed throughout  the  bins  and  conveyor  passages,  thus  providing 
a  general  light  of  moderate  intensitv.  A  slightly  higher  intensity 
n.-'ay,  however,  be  warranted  in  locations  of  this  kind,  furnished  by 
lamps  somewhat  larger  than  the  carbon  filament  lamps ;  for  ex- 
ample, loo-watt  tungsten  lamps  may  be  used  to  advantage  mounted 
high  and  out  of  the  way. 
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Engine  Room — The  first  step  in  making  up  the  hghting  plans 
was  to  provide  for  adequate  Hght  by  the  use  of  numerous  medium 
sized  lamps.  25o-\vatt  tungsten  lamps  were  installed  as  shown  in 
h'ig.  7  and  also  by  Figs.  10  and  11.  A  reference  to  Fig.  8  will 
indicate  the  relative  spacing  of  old  and  new  lanrps.  The  use  of  250- 
watt  tungsten  la-n])s  in  this  engine  room  as  shown  in  the  plan,  pro- 
vided the  following: — 

a — Uniform  illumination  over  the  entire  floor  space,  with  a 
nTaximum  of  downward,  together  with,  sufficient  side  light. 


rrr;  8 — ^l.COR  PLAN  OF  POWER  HGfSE  SHOWN'  IX  FIG.  /  INUICATINT.  THE  COM- 
PA1<\TIV-F.  SPACING  OF  THE  OLD,  AND  THE  NEW  ARRANGEMENT  OF  LAMPS  IN 
THE    ENGINE   ROOM 

The  circles  represent  the  positions  of  the  old  arc  lamps,  while  the  stars 
indicate  the  tungsten  lamps.  This  is  an  excellent  example  of  the  part  played 
by  medium  sized  lamps  as  compared  with  large  units  of  some  years  ago.  The 
old  system  consisted  of  six  enclosed  arc  lamps,  while  the  new  consists  of  40 
250 -watt  tungsten  lamps. 

1) — Glare  reduced  by  mounting  the  la-rps  high  and  well  out  of 
the  range  of  vision. 

c — The  switching,  as  indicated  in  Fig.  7.  permits  alternate 
rows  of  la-i^ps  to  be  turned  on  for  general  purposes,  while  all  the 
lamps  may  be  turned  on  in  a  given  portion  of  the  room  for  emer- 
gency work. 

d — The  large  number  of  lamps  practically  eli  annates  the  ten- 
dency towards  marked  shadows. 
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e — Incidentally  the  tungsten  lamp  possesses  the  advantage  of 
operation  on  either  direct  or  alternating-current  circuits;  requires 
no  auxiliary  apparatus ;  and  gives  fairly  good  light  over  a  large 
voltage  range.  The  large  number  of  lamps  with  the  close  spacing 
admits  of  one  or  two  lamps  being  out  without  destroying  the  light- 
ing effect,  since  each  portion  of  the  floor  space  receives  light  from  a 
considerable  number  of  lamps. 

Conduit  was  used  throughout  this  power  plant  and  water- 
proof sockets  in  all  locations  where  dampness  existed.     Inasmuch 
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FIG.  C) — ELEV.'^TION  OF  THE  ENGINE  ROOM  SHOWN  IN  FIGS.  7  AND  8,  TO- 
GETHER WITH  CURVES  SHOWING  THE  DISTRIBUTION  OF  THE  VERTICALLY 
DOV/NWARD  LIGHT  ON  A  HORIZONTAL  PLANE  THREE  FEET  ABOVE  THE  FLOOR 

The  values  plotted  on  the  base  lines  AA  and  BB  are  from  observa- 
tions taken  along  the  lines  AA  and  BB  shown  in  Fig.  7.  The  readings 
at  stations  .?  and  10  are  slightly  high  owing  to  a  lamp  of  slightly  higher 
candle-power   Jirectly   over  station  j. 


as  lighting  is  especially  important  in  case  of  break-down  of  the 
main  generating  units,  it  is  customary  to  arrange  the  wiring  so 
that  it  can  be  quickly  connected  to  a  steam-driveri  exciter  unit  in  case 
of  break-down  of  generators  or  short-circuit  on  the  switchboard. 
For  the  same  reason  the  auxiliary  lighting  circuits  should  be  en- 
tirely independent  of  the  plant  switchboard. 
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The  lighting  of  generating  stations  and  especially  sub-stations 
is  doubly  important,  not  only  as  a  means  of  maintaining  service, 
which  would  be  dil^cult  if  not  impossible  without  artificial  light,  but 
also  because  many  stations  operate  for  a  large  part  of  the  time  by 
artificial  light  entirely.  In  this  particular  case  the  lights  are  nor- 
mally fed  by  a  special  transformer  connected  to  the  station  bus-bars, 
but  having  no  other  load.  A  double-throw  switch  is  provided  so 
that  in  case  of  emergency  the  lighting  circuits  can  be  connected 
directly  to  one  of  the  steam-driven  exciter  units.  This  feature  is 
deemed  so  important  that  in  some  stations  the  lighting  is  per- 
manently divided  into  two  separate  circuits,  one  of  which  is  regu- 
larly fed  from  an  exciter  unit.     In  sub-stations,  where  the  entire 


FIG.    10 — A   VIEW    IN    THE   POWER   HOUSE   REFERRED   TO   IN    THE  THREE   PRE- 
CEDING DIAGRAMS,  IN  WHICH  250-\VATT  TUNGSTEN  LAMPS  WERE  USED 

Note  the  uniformity  of  the  resulting  illumination  over  the  floor 
space.     Photograph  taken  at  night. 

source  of  power  consists  of  the  incoming  lines,  it  is  sometimes 
deemed  advisable  to  install  a  small  storage  battery  to  provide  energy 
for  the  station  lights,  and  for  the  control  circuits  of  power-operated 
switches,  etc.,  in  case  of  interruption  of  service  on  the  incoming 
lines. 

NOTES  ON  THE  FINAL  ARRANGEMENT 

This  arrangement  of  250-watt  tungsten  lamps  in  the  engine 
room  and  the  lighting  equipment  in  the  other  locations  have  been 
in  service  for  a  sufficient  time  to  indicate  their  adaptability  to  this 
class  of  work.  At  night  the  engine  room  presents  a  bright  and  cheer- 
ful appearance  quite  in  contrast  to  the  dismal  aspect  of  the  place 


794 


THE  ELECTRIC  JOURNAL 


with  the  original  installation.  The  lanps  are  mounted  on  a  level 
with  the  under  side  of  the  girders,  as  indicated  in  Fig.  9,  and  re- 
newals of  burned  out  lamps  can  be  made  from  the  top  of  the  crane 
without  tlie  aid  of  a  ladder. 

The  bright  surroundings  of  the  room  contribute  much  to  the 
efifectiveness  of  the  light  and  it  has  been  found  that  the  shadows  are 
so  thoroughly  diffused  as  not  to  be  objectionable.  (7)bservations 
show  a  resulting  intensity  of  the  illumination  on  a  horizontal  plane 
three   feet  above  the  floor  of  about  2.^   foot-candles  and  the  dis- 


SHOWING  THE  EFFECT  OF  LARGE  NUMBER  OF  MEDIUM  SIZED  LAMPS 
IM  LIGHTING  UP  THE  VARIOUS  PARTS  OF  THE  GENERATING  EQUIP- 
MENT 

Xote  tlic  iMiitnrmity  and  excellent  (liffusion  of  the  resulting 
illrmination,  as  well  as  freeflnm  I'rDm  ^lare.  Photograph  taken 
at  night. 


tribution  of  the  light  is  indicated  by  the  curves  in  Fig.  9.  These 
curves  are  plotted  from  observations  taken  at  the  stations  indicated 
along  the  dotted  lines  in  Fig.  7. 

This  example  of  satisfactory  lighting  will  show  the  value  of 
medium  sized  lamps  as  cor  pared  to  the  larger  units.  The  ])rinci- 
ples  involved  in  planning  this  installation,  while  specifically  set  forth 
to  ap])ly  U;  this  case  may  be  useful  in  laying  out  other  cases  of  in- 
dustrial illumination. 
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The  i)o\ver  house  which  has  been  used  as  an  example  represents 
a  type  of  station  in  which  the  voltages  are  comparatively  low  and 
transmission  distances  short,  and  is  typical  of  many  power-stations 
operated  by  large  industries,  in  which  ni:>  complicated  switching 
arrangements  are  necessary.  Practically  all  stations  operating  at 
voltages  greater  than  2  500  have  the  bus-bars  and  oil  switches  as 
well  as  high-tension  transformers  and  lightning  arresters  in  a 
separate  concrete  compartment  or  building,  which  ])roduce  special 
lighting  require  rents.  A^ry  dim  lighting  is  ordinarily  sufticient  for 
these  comp.artments  as  no  one  is  regularly  employed  here.  Ample 
lighting  should,  however,  be  readily  available  when  necessary  in  any 
compartment,  as  it  is  extremely  dangerous  to  work  in  the  vicinity 
of  high-tension  wiring  without  adequate  light.  (  )n  account  of  low 
ceilings  and  confined  situations,  and  the  fact  that  the  la  pps  arc 
little  used,  carljon  lamps  are  ordinarily  installed. 

In  the  ])ower  house  described,  and  in  that  illustrated  in  b''ig.  1, 
the  general  lighting  in  the  boiler  room  is  such  that  n  )  special  ligluin;..; 
of  the  water  gauges  is  considered  necessarw  In  la\iiig  out  the 
lighting  for  boiler  r(^:)ms,  this  tfuestion  deserves  special  attention. 
Serlinient  on  the  inside  of  the  glasses  and  co^al  dust  on  the  outside 
makes  the  glasses  extremely  hard  to  read.  The  ordiuiiry  method  of 
lighting  which  consists  of  hanging  an  incandescent  lamp  near  the 
glass  defeats  its  object,  as  the  glare  of  the  lamp  makes  it  diUicult 
to  see  the  height  of  the  water.  Probal)ly  the  irost  generally  suit- 
able method  is  to  suspend  a  white  sheet  of  jiainted  metal  or  asbestos 
behind  the  gb.ss  and  brightly  light  this  reflector  by  the  general 
lighting  or  l)y  a  s])ecial  lamp  with  a  shade  which  will  cut  off  the 
direct  rays  of  light  from  the  eve.  Wv  this  method  of  lighting 
the  height  of  the  water  can  readily  be  noted. 

This  description  has  been  given  to  show  how  a  given  case  was 
solved.  Before  attempting  to  utilize  these  results  for  other  cases 
_^aue  consideration  should  be  given  to  the  fact  that  illuminatio'.i  de- 
sign is  dependent  on  many  variables  such  as  voltage  regulation,  sur- 
roundings, whether  light  or  dark,  ceiling  height,  size  of  bays,  archi- 
tectural details  of  the  building,  class  of  work,  and  the  like.  Care 
should  therefore  be  exercised  to  ascertain  whether  conditions  exist 
which  call  for  an  entirely  dift'erent  treatment  or  a  modification  of 
the  one  here  described. 


THE  UTILITY  OF  PORTABLE  INDICATING  METERS 

ALBERT  WALTON 

THE  ACQUISITION  of  a  set  of  testing  meters  by  a  central 
station,  electric  railway  or  motor-driven  mill,  affords  the  pos- 
sibility not  merely  of  an  improvement  in  conditions  but  of  a 
revolution.  An  intelligent  analytical  engineer  with  a  set  of  re- 
liable portable  meters  is  the  best  dividend  payer  the  large  user  of 
electrical  apparatus  can  employ.  His  functions  are  not  dissimilar 
to  those  of  the  auditor  in  the  financial  department,  the  one  prevent- 
ing leaks  of  dollars  and  cents  and  providing  efficient  methods  of 
carrying  on  the  commercial  work,  the  other  preventing  wastes  of 
electrical  energy  and  providing  means  for  the  most  efficient  utili- 
zation of  the  power  apparatus  installed.  He  is  the  doctor  of  the 
power  department,  examining,  diagnosing  and  prescribing  and  keep- 
ing the  entire  system  in  a  state  of  well  being.  He  has  a  great  advan- 
tage over  the  real  physician,  however,  in  that  he  can  ascertain  exact 
internal  conditions  without  guess  or  peradventure.  There  is  no 
more  exact  means  of  measuring  energy  than  is  provided  by  the 
modern  high-grade  electric  meters.  Until  the  advent  of  commercial 
electric  apparatus  all  power  measurements  were  little  better  than 
guess  work  and  any  subdivisions  or  segregations  of  the  total 
power  capacity  of  a  plant  or  the  nature  of  its  distribution  were 
impossible. 

It  is  eminently  desirable  to  know  where  the  energy  of  the 
central  plant  goes,  how  heavily  loaded  each  machine  in  the  system 
is  and  what  are  the  requirements  of  each  department.  Without  a 
means  of  checking  up  actual  conditions  the  recommendations  of  a 
master  mechanic  or  machinery  manufacturer  must  be  relied  upon 
and  every  one  who  has  had  to  depend  on  this  system  has  a  full 
appreciation  of  its  shortcomings.  Manufacturers  of  power-driven 
machines  are  notoriously  faulty  in  their  estimates  and  are,  unfor- 
tunately, as  liable  to  errors  on  one  side  as  on  the  other.  The 
average  master  mechanic,  with  still  less  data  at  his  command,  is 
even  less  to  be  depended  upon.  The  evil  results  of  power  installa- 
tions made  without  sufficient  information  upon  which  to  base  the 
selection  of  motors,  transformers,  etc.,  though  invisible,  are  present 
in  many  an  industry  and  are  generally  none  the  less  costly  because 
their  existance  is  unknown  to  the  superintendent  or  manager.  In 
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many  cases  investigation  will  disclose  that  one  motor  is  loafing  along, 
doing  a  third  of  the  work  of  which  it  is  capable,  while  its  neighbor 
may  be  staggering  under  a  destructive  burden  of  twice  its  rated 
capacity.  Many  times  new  machiney  has  been  ordered  for  a  factory 
and  a  recommendation  made  by  the  mechanical  department  for 
motors  to  drive  it,  with  capacities  of.  it  may  be,  20,  50  or  100 
horse-power.  The  manager  who  has  had  no  experience  in  meter 
work  may  order  the  motors,  whereas  the  presence  of  a  testing 
set  might  enable  him  to  ascertain  that  there  is  already  the  amount 
of  horse-power  in  unused  capacity  of  motors  already  installed.  By 
the  shifting  of  machines  or  motors  or  a  rearrangement  of  a  few 
belts  or  countershafts  the  load  might  be  shifted  in  such  a  way  as 
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to  load  up  all  the  motors  completely  and  actually  free  a  motor 
of  the  capacity  desired.  Not  only  may  the  cost  of  the  testing  set 
be  saved  many  times  over  on  this  one  operation  but  the  saving 
is  continuous  for  the  fully  loaded  motors  are  running  at  better 
efficiency  and  power-factor  than  the  under-worked  machines. 

The  writer  has  personally  seen  a  case  where  a  testing  set 
was  able  to  effect  a  saving  all  out  of  proportion  to  its  cost,  for  it 
enabled  the  user  to  postpone  indefinitely  the  purchase  of  a  new 
turbine  and  generator  by  rearrangement  of  the  loads  on  a  large 
numl)er  of  small  motors,  all  of  which  were  so  badly  underloaded 
that  the  generator  was  carrying  a  heavy  useless  load  of  wattless 
current.     Tie  was  thus  able  to  ])ut  on  additional  load,  not  only  with- 
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out  buying  a  new  generating  unit  but  actually  with  a  motor  to  spare 
after  the  rearrangement. 

Just  what  instruments  should  comprise  a  testing  set  for  com- 
mercial uses  cannot  be  specified  without  first  knowing  the  character 
of  the  work  in  which  they  are  to  be  used,  whether  alternating- 
current  or  direct-current,  high  or  low  voltage,  railway,  lighting  or 
mill  work,  small  units  or  large  units,  and  whether  the  alternating 
current  is  subject  to  wide  frequency  changes.  In  general,  however, 
certain  requirements  of  any  testing  set  can  be  listed  as  eminently 
desirable.  Of  course,  accuracy  comes  high  up  on  the  list  of  vir- 
tues that  should  be  incorporated  in  all  meters,  for  there  is  little 
use  in  testing  unless  the  results  can  be  relied  upon.  Present  de- 
signs of  portable  meters,  however,  have  reached  such  a  high  state 

of  perfection  that 
in  some  makes  of 
meters  the  accu- 
racy of  measure- 
ment is  higher 
than  any  possible 
accuracy  of  read- 
ing the  position  of 
the  needle  on  the 
scale,  unless  it  is 
absolutely  still  and 
fixed.  The  read- 
ings are  unaffected 

FTC.  2 — DIRECT  OK  ALTEKNATINC-CIFRRENT  LAMP  TESTINC.  '-'y  Oromary  Varia- 
VOLTMETEK-WATTMETER,  OPERATING  ON  THE  KELVIN  tioUS  of  tcmpcra- 
BALANCE    PRINCIPLE  , 

ture,  wave  form  or 
frequency.  One  one-thousandth  of  full  scale  reading  is 
a  refinement  undreamed  of  in  laboratory  instruments  not  so 
many  years  ago,  yet  the  central  station  tester  who  screws  a  lam]) 
into  the  socket  on  a  modern  lamp  testing  wattmeter  is  sure  of  his 
results  to  that  degree  if  indeed  he,  himself,  is  as  accurate  in  his 
readings.  At  the  same  time  he  might  be  reading  the  voltage  or 
the  current  with  equal  accuracy. 

However,  the  high  accuracy  of  a  meter  as  it  leaves  the  factory 
is  not  the  chief  consideration  in  a  portable  testing  set,  for  above 
all  things  this  accuracy  must  be  permanent.  This  involves  staunch 
construction  of  both  meter  elements  and  case  as  well  as  the  method 
of  suspending  the  meter  parts  in  the  case.     The  ])ermanency  is  also 
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dependent,  of  course,  upon  the  constancy  of  friction  in  the  moving 
parts  and  more  especially  on  the  ratio  of  friction  to  meter-torque. 

With  the  Kelvin  balance  principle,  used  on  instruments  of 
the  zero  reading  type,  or  v^ith  the  induction  principle  as  exempli- 
fied by  the  direct  reading  alternating-current  meters,  permanency 
is  simply  a  matter  of  correct  design  and  rugged  construction,  while 
a  long  scale,  covering  over  300  degrees  may  be  used.  With  the 
permanent  magnet  type  of  direct  reading  direct-current  meters, 
continued  accuracy  is  dependent  on  permanency  of  the  magnets. 
The  highest  degree  of  permanency,  if  the  material  has  been  care- 
fully chosen  and  properly  magnetized,  must  rest  with  the  magnetic 
circuit  which  is  disturbed  least  after  being  magnetized  and  in  which 
the    air-gap    is    the   shortest.      The    first    requirement   can    be    met 


FIG    3  — INDUCTION    TYPE    POLYPHASE    WATTMETER 

by  a  design  of  such  a  nature  that  the  magnetic  system  docs  not 
need  to  be  disturbed  after  magnetization,  for  either  assembly  or 
repairs.  The  second  is  met  most  completely  by  the  single  air-gap 
construction,  of  the  type  shown  in  Fig.  4,  the  invention  of  which 
in  this  form  was  little  short  of  a  stroke  of  genius.  Thus,  though 
built  on  the  D'Arsonval  principle,  the  permanent  magnet  meters  of 
modern  design  may  be  considered  as  no  less  permanent  in  calibra- 
tion than  the  other  types.  And  this  is  true  whether  the  testing 
engineer  is  using  his  meters  a  dozen  times  daily  or  takes  them  from 
the  cabinet  aniiually  for  a  sort  of  yearly  power  inventory. 

After  carrying   a   wattmeter,   ammeter,   and   voltmeter   a   few 
long,  hot,  city  blocks,   a  testing  engineer  is  prepared  to  say  that 
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neither  accuracy  nor  permanency  can  compare  in  importance  with 
lightness.  With  full  appreciation  of  this  fact  a  meter  should  be 
chosen  which  is  really  portable  in  the  full  sense  of  the  term.  A 
great  improvement  has  certainly  been  made  over  the  olden  day^, 
when  to  carry  an  alternating-current  ammeter  from  the  power 
house  to  the  sub-station  was  one  good  man's  job  and  testmg  en- 
gineers were  selected  like  butchers  or  football  players  for  brawn 
and  endurance. 

Another  characteristic  which  deserves  especial  consideration  is 
freedom  from  unnecessary  vibration  of  the  needle.  Those  who  have 
used  or  seen  others  use  the  old  types  of   meters  remember  observing 

with  a  lively  interest 
the  nervous  spasms  of 
a  n  almost  invisible 
p  o  inter  exhibiting 
every  symptom  of  St. 
A^itus'  dance,  as  it  vig- 
orously cavorted  from 
end  to  end  of  the  com- 
pressed scale,  success- 
fully eluding  any  at- 
tempt to  read  or  locate 
its  position  on  the  scale. 
In  contrast  with  this, 
the  writer  has  used  a 
modern  wattmeter  on 
an  individual  motor 
driving  a  loom  whose 
shuttle  made  i6o  trips 
per  minute  and  was 
able  to  plot  a  curve  of 
the  power  cycle  and  to 
note  that  the  shuttle  was  "picked"  harder  at  one  end  of  the 
loom  than  at  the  other,  so  closely  does  the  needle  follow  the  load. 
In  other  words,  the  perfect  meter  should  be  "dead  beat."  P.ut  per- 
haps the  most  aggravating  defect  a  meter  can  have  is  the  com- 
pressed scale,  for  it  seems  to  be  fate  that  the  readings  of  most 
importance  come  on  that  part  of  the  scale  that  is  simply  "sug- 
gested" and  the  thickness  of  a  line  is  a  difference  of  fifty  percent 
of  the  measured  quantity.     Contrasted  with  this  is  the  300  degree 


FIG.     4 — DIAGRAM     OF     MAGNETIC     CIRCUIT     OF 
DIRECT-CURREXT    VOLTMETER    OR    AMMETER 

I — Permanent    magnets  ;    2 — Soft    iron    pole 
pieces  ;  3 — Air-gap ;  4 — Slot  in  pole  piece  for 


removal  of  movin 
ment;  6 — Pointer, 
moving  element. 


element; 
balanced 


5 — Moving   cle- 
by     weight     of 


UTILITY  OF  PORTABLE  INDICATING  METERS     8oi 

scale  of  the  induction  type  meters  and  the  long  double  or  triple 
scales  of  the  permanent  magnet  instruments  in  which  there  are  no 
"favorable  parts  of  the  scale,"  or  rather  no  unfavorable  parts  since 
good  readings  may  be  taken  anywhere  from  end  to  end.  Not  only 
is  this  an  advantage  when  the  quantity  to  be  measured  is  more  or 
less  an  unknown  value  and  liable  to  fall  on  any  part  of  the  scale 
but  it  makes  each  meter  usable  over  a  wide  range.  The  meter  that 
will  accurately  record  the  power  taken  by  a  lo  horse-power  motor 
will  give  no  less  accurately  a  determination  for  a  one-twentieth 
horse-power  motor  driving  a  family  sewing  machine.  The  750  volt 
meter  that  measures  the  trolley  voltage  has  a  three  volt  scale  for 
measuring  the  drop  in  tlie  rail  bonds. 


FIG.    5— PORJABLE  CURRENT  TRANSFORMER 

These  are  a  few  of  the  features  that  have  made  the  modern 
meter  a  practical  everyday  article  of  the  greatest  utility  and  value 
in  any  plant  where  electricity  is  generated  or  utilized.  Good  meters 
have  been  made  for  many  years.  Excellent  meters  are  the  product 
of  the  last  five  years  and  it  is  not  surprising  that  the  great  improve- 
ment is  only  just  being  appreciated  by  the  electrical  men  of  the 
country.  The  manufacture  of  these  instruments  has  been  made  a 
positive  art  and  the  finish  and  workmanship  of  their  moving  parts 
and  their  coils  and  windings,  their  springs,  jewels  and  adjustments 
are  worthy  of  comparison  with  the  products  from  the  hands  of 
fine  watchmakers  and  silversmiths. 
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ILLUSTRATIVE  OF  CERTAIN  FOREIGN  CONSTRUCTION  DETAILS 
S.  Q.  HAYES 

SWITZERLAND  places  a  great  deal  of  reliance  on  electric  trac- 
tion for  serving  parts  of  the  country  remote  from  the  through 
routes  of  the  steam  roads,  and  these  electric  roads  have  per- 
formed their  functions  so  well  that  before  many  years  have  elapsed 
it  is  probable  that  the  trunk  lines  will  also  be  electrified.  The  high 
cost  of  coal  and  comparative  abundance  of  water  power  makes  this 
question  of  electrification  a  vital  one. 

In  Switzerland  may  be  found  examples  of  direct-current, 
three-phase  and  single-phase  railways  of  both  standard  and  narrow 
gauge.  The  combination  of  single-phase  traction  and  narrow 
gauge  is  one  that  does  not  exist  in  the  United  States.  One  of  the 
most  interesting  of  these  narrow  gauge  single-phase  roads  is  that 
equipped  by  the  Ateliers  de  Construction  Oerlikon  in  the  Fall  of 
1907  for  uniting  Locarno  on  Lake  Maggiore  with  Pontebrolla  and 
Bignasco  in  the  Valle  Maggia  of  Switzerland.  This  valley  through 
the  Lepontine  Alps  parallels  the  St.  Gothard  route  and  runs  ap- 
])roximately  north  and  south.  As  the  highway  through  this  valley 
has  heavy  grades  and  sharp  bends  a  private  right  of  way  was 
secured  for  the  railroad,  a  practically  uniform  grade  being  obtained 
for  the  entire  line,  the  length  of  which  is  17  miles.  The  line  passes 
through  four  tunnels,  whose  total  length  is  955  feet.  About  two- 
thirds  of  the  line  is  on  tangents  and  one-third  in  curves.  There  are 
26  crossings  at  grade  and  a  total  of  25  bridges  over  rivers  and 
streams.  At  each  of  the  twelve  stations  turn-outs  are  provided  so 
that  trains  may  pass.  The  rails  are  laid  on  one-metre  gauge,  and 
weigh  45  lbs.  per  yard.  Although  the  private  right  of  way  in- 
volved a  relatively  high  cost  of  installation  it  served  to  shorten  the 
route  and  reduce  the  operating  cost.  Many  difficulties  were  en- 
countered in  the  construction  of  the  line  along  the  side  of  the  moun- 
tain and  it  was  necessary  to  make  many  cuts  and  fills  as  well  as  to 
erect  dams  and  retaining  walls  to  protect  the  road  bed  from  floods 
on  the  Maggia  and  its  tributaries. 

CAR    EQUIPMENT 

A  typical  train  and  a  repair  car  are  shown  in  Fig.  i  near  the 
Pontebrolla  station.     The  motor  cars  are  provided  with  two  trucks 
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and  are  equipped  with  hand  brakes  as  well  as  air  brakes.  Each 
truck  has  eight  brake  shoes.  Owing  to  the  slight  grades  it  was  not 
considered  necessary  to  install  electric  brakes.  The  operating  volt- 
age is  5  000,  except  in  Locarno,  where  800  volts  is  used.  Each 
motor  car  is  provided  with  two  oil  insulated  transformers  of  90 
k.v.a.  capacity  mounted  in  the  middle  of  the  car.  The  high-tension 
windings  of  these  transformers  are  divided  into  nine  sections  con- 
nected in  series.  The  low-tension  windings  are  provided  with 
eight  taps,  as  shown  in  Fig.  2,  which  allow  for  steps  of  about  28 
volts  from  200  to  400  volts.  In  Locarno,  when  operating  on  800 
volts,  the  current  is  taken  directlv  to  the  secondarv  of  the  trans- 


'h,      [—TYPICAL    TRAIX    AM'    i'!'>    /    '  '.  '    ■':     )  - '    I     '  ■"  "\\    \    -  rATIOX 

Showing  one  of  the  forms  of  overhead  construction  used  where 
there  are  several  adjacent  tracks  and  a  cross-over. 

former  which  acts  as  an  auto-transformer.  Eight  operative  steps, 
corresponding  to  these  low-tension  taps  are  thus  obtained  for  for- 
ward or  backward  running.  A  separate  cylindrical  switch  in  the 
controller  is  provided  for  reversing. 

Each  truck  has  two  40  horse-power,  single-phase  series  motors 
of  the  type  shown  in  Fig.  3.  These  motors  are  provided  with  13  -.Gj 
gear  ratio  and  are  capable  of  operating  a  train  weighing  12  100 
pounds  at  a  speed  of  1 1  miles  an  hour  on  a  3  1/3  percent  grade,  or 
with  a  speed  of  18^2  miles  an  hour  on  the  level.  The  stator  of 
these  motors  is  provided  with  a  compensating  winding  in  addition 
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FIG.     2 — CAR     TRANSFOKMKR;     CAPACITY    9O     K.V.A. 

Showing  the  eight  low-tension  taps  corre- 
sponding to  the  operating  steps  of  the  con- 
troller. 


to  the  field  winding.  The  rotor  carries  a  winding  interlaced  at 
every  six  poles  with  compensating  wires  and  connected  to  the  com- 
mutator by  low  resistance  leads.  The  stator  also  has  auxiliary 
r\  poles  with  a  commutat- 

ing  winding.  These  mot- 
ors are  tested  for  i  500 
volts. 

Each  car  is  equipped 
with  two  compressors, 
directly  driven  through 
gears  by  the  motors  on 
one  truck,  which  feed  in 
parallel  into  an  auxiliary 
reservoir  and  thence  into 
the  main  reservoir, 
where  a  pressure  of 
four  atmospheres  is 
maintained.  The  operat- 
ing platforms  of  the  cars  contain  the  controllers,  brake  valves  and 
valves  for  circuit  breakers ;  an  ammeter,  a  voltmeter  and  an  illumi- 
nating lamp;  switches  for  lighting  and  heating;  a  hand-wheel  to 
operate  the  trolley,  and  a  speed  indicator. 

The  high-tension 
room,  which  is  complete- 
ly enclosed,  contains  the 
apparatus  for  both  the 
800  volt  city  service  and 
the  5  000  volt  interurban 
service.  From  the  high- 
tension  oil  circuit  break- 
ers the  current  passes  to 
automatic  circuit  break- 
ers, which  can  be  opera- 
ted by  hand  or  by  a 
pneumatic  device  from 
the  platforms.  The  au- 
tomatic overload  trip-  '^'"'^• 
ping  is  done  by  a  solenoid 
er.  One  set  of  apparatus 
one  for  800  and  the  breakers  are  so  interlocked  that  thev  cannot 


no.     3 — S1NGLE-PHA.SE     SERIES     MOTOR 

Plach   car   is   equipped   with   two  40  hp  mo- 
-s.     Nose  and  axle  suspension   is  employed. 

fed     from     a     series    transform- 
is    provided     for    5  000  volts  and 
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both  be  closed  at  the  same  time.  The  pneumatic  operation  of  the 
breakers  is  accomplished  by  a  valve  having  positions  corresponding 
to  the  closing  and  tripping  of  the  apparatus.  From  the  breakers  the 
current  passes  through  the  primary  windings  of  the  two  trans- 
formers in  parallel  and  thence  to  the  ground.  These  transformers 
are  provided  with  special  55-volt  taps  for  lighting,  eight-volt  taps 
for  the  tachometer,  and  200  volt  taps  for  the  heating  system.  Foi^ 
the  various  lighting  requirements  there  are  two  reflector  lamps,  a 
signal  lamp  with  colored  glass  on  each  dashboard,  a  lamp  for  each 
platform  and  six  lamps  in  the  car.  The  heating  is  done  by  means 
of  14  heaters,  each  taking  400  watts. 

The  cars  are  equipped  with  three  trolleys.  Two  of  these  are 
of  the  horn  type  shown  in  Fig.  4.  placed  at  each  end  of  the  car.  and 
connected  in  parallel   for  the   5  000  volt  service.     The  third   is  a 

bow  trolley,  located  mid- 

^^^      '  €Jl#         -dfe        '-        ^^ '^^  between  the    other 

w  »iS"'''HHK  ^^  *■*'   which   is   arranged 

i  4BP          |."^^8^^-»         ^*-*  ^^  fastened  down  ex- 

i^^       ^..>'-i-'  cept  when  in  use  on  the 

800     volt     city    service. 


T   ^- 


4     9  The  horn  trolley  is  made 

of  steel  tubing  with  a  re- 


FiG.  4— HORN  TYPE  TROLLEY  ucwable  brass  cover.    A 
Uniform  contact  pressure  is  furnished  by  a  •     ,  •  , 

spiral     spring.       The    trolley    is     lowered    by  SP'^^I     ^prmg   serves  ^  to 

means  of  a  cable  and  hand-wheel  on  the  car  press      it    firmly    against 

platform.  ,1        .11  •  "  -.i 

the   trolley  wire  with  a 

uniform  pressure  of  approximately  6.5  lbs.  for  all  positions 
of  the  horn.  Each  horn  can  be  operated  independently 
by  means  of  a  hand-wheel  located  on  the  platform  below  it  or  the 
two  can  be  mechanically  connected  and  operated  from  either  plat- 
form. A  pneumatic  interlock  prevents  the  raising  of  the  horn 
trolleys  if  the  high-tension  compartment  is  open  and  conversely  pre- 
vents opening  the  high-tension  chamber  if  the  trolley  is  up.  The 
bow  trolley  is  made  with  two  contact  bars  and  is  operated  from  the 
baggage  compartment  by  means  of  a  rope.  This  trolley  is  also  in- 
terlocked with  the  high-tension  room. 

LINE  CONSTRUCTION  AND  OPERATION 

For  the  ordinary  construction  of  the  trolley  line  the  wire  is 
located  at  the  left  of  the  track  so  that  contact  is  made  on  the  side  of 
the  wire  along  tangents  and  either  on  the  side  or  the  top  of  the  wire 


8o6 


THE  liLECTRlC  JOURNAL 


on  curves.  At  stations  and  in  tunnels  contact  is  made  on  the  under 
side  of  the  wire.  The  various  details  of  construction  for  these 
respective  cases  are  shown  in  Fig.  5.  For  the  side  contact  construc- 
tion the  wire  is  attached  to  brackets  placed  20  to  40  inches  to  one 
side  of  the  track,  while  at  stations  and  in  tunnels  the  suspension  is 
by  means  of  span  wires  and  messenger  cables,  the  wire  being  located 
approximately  over  the  middle  of  the  track.  Trolley  wire  of 
100000  circ.  mils  secti()n  is  used.  When  side  mounted  the  wire  is 
located  at  a  height  of  13.5  to  15.5  feet  above  the  rail.  At  grade 
crossings  the  height  is  17.5  feet;  at  stations,  15  to  17.5  feet,  and  in 


FK;.    5 — MF.THODS    OF    SUPPORTING    TKOLLEV     WlUK 

a — Bracket  support  for  side  contact  of  the  horn  trolley,  as  usetl  on 
tangents  and  sometimes  on  curves,  h — Bracket  support  for  top  contact.  a.s 
used  on  curves,  c — Tunnel  construction,  d — Construction  Tised  over  two 
or  more  adjacent  tracks. 

tunnels,  14  feet.  Where  there  are  several  adjacent  tracks,  as  at 
stations,  a  special  form  of  construction  is  employed,  as  shown  in 
Figs.  I  and  ^d.  The  arrangement  of  the  overhead  construction  at 
cross-overs  is  also  shown  in  Fig.  i.  By  means  of  the  sagging  mes- 
senger wire  and  the  vertical  connections,  the  horizontal  span  wire 
is  relieved  of  strains  due  to  the  weight  of  the  trolley  wire  and  at- 
tachments. At  the  poles  the  messenger  and  span  wires  are  attached 
to  insulators  mounted  on  brackets.  These  insulators  are  all  sub- 
jected to  a  30000  volt  insulation  test.  The  distance  between 
suspensions  is  ordinarily  98  feet  on  tangents,  this  distance  of  course 
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being  decreased  on  curves  and  at  grade  crossings,  while  in  the  tun- 
nels the  span  is  about  39  feet. 

The  line  is  sectionalized  at  six  points  through  horn  type 
switches  which  may  be  operated  either  by  means  of  remote  control 
circuits  or  by  hand,  and  each  section  of  the  line  is  provided  with 
lightning  arresters.  The  remote  control  circuits  are  carried  on  low- 
tension  insulators  mounted  on  the  poles  about  15  feet  from  the 
ground.  All  of  the  supports  of  the  high-tension  insulators  are  con- 
nected to  this  circuit  through  a  special  form  of  indicating  fuse  de- 
vice. The  break-down  of  an  insulator  thus  results  in  operation  of 
the  sectionalizing  switches  which  disconnect  the  section  in  case 'of 
trouble.  A  leakage  current  from  an  insulator  to  the  control  circuit 
of  even  a  few  amperes  will  operate  the  sectionalizing  switches,  and 
blow  the  fuse.  The  indicating  fuse  is  made  of  an  insulating  tube 
inside  which  a  small  copper  wire  is  hermetically  sealed,  the  wire  ter- 
minating in  a  metallic  cap  at  each  end.  One  cap  of  the  fuse  is  at- 
tached to  the  insulator  support  or  bracket  while  the  oth,^r  goes  to 
the  auxiliary  wire.  The  location  of  a  defective  insulator  is  indi- 
cated by  blowing  of  the  fuse,  as  one  cap  is  left  attached  to  the  sup- 
port while  the  other  hangs  suspended  from  the  auxiliary  wirie. 

A  break  in  the  contact  wire  will  also  automatically  disconnect  a 
section.  The  high-tension  insulators  are  mounted  on  pins  placed  in 
sockets  in  which  they  can  turn.  Thus,  in  case  a  trolley  wire  breaks, 
the  insulator  is  turned,  and  a  short  auxiliary  wire  which  is  fastened 
to  the  insulator  makes  contact  with  a  forked  arm  attached  to  the 
bracket.  In  this  way  the  control  circuit  of  the  sectionalizing 
switch  is  energized  and  the  section  disconnected. 

A  telephone  circuit  is  also  carried  on  the  trolley  poles.  It  is 
mounted  on  porcelain  insulators  and  the  wires  are  transposed  at 
every  pole. 

GENERATING    STATION    EQUIPMENT 

The  generating  station  at  Pontebrolla  was  originally  installed 
to  supply  power  and  lighting  to  Locarno  and  contained  two  600  hp, 
three-phase,  turbine  driven  generators.  For  the  operation  of  the 
single-phase  railway  tw^o  additional  600  hp,  20  cycle,  single-phase, 
turbine  driven  units  were  installed,  the  wheels  of  the  two  sets  of 
units  being  fed  through  separate  penstocks.  The  turbines  operate 
at  a  speed  of  500  r.p.m.  under  a  head  of  114  to  122  feet,  depending 
on  the  height  of  the  water. 

The   regulation   is   accomplished   through   movable  vanes   con- 
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trolled  automatically  by  a  regulator  using  oil  under  pressure,  and 
the  fluctuating  load  of  the  traction  service  imposes  a  heavy  duty  on 
the  regulator.  Unless  costly  appliances  were  provided  to  take  care 
of  variations  in  conduit  pressure  due  to  load  fluctuations  it  would  be 
impossible  to  use  a  regulator  which  would  close  the  admission  valve 
in  less  than  four  seconds.  Accordingly,  the  requirements  for  good 
regulation  in  this  station  were  met  by  equipping  each  turbine  gener- 
ator set  with  a  fly-wheel  consisting  of  steel  bands  weighing  about 
2  300  lbs.  arranged  as  an  elastic  coupling  between  the  turbine  and 
generator. 

A  view  of  the  power  house  is  shown  in  Fig.  6.  A  complete 
generating  set,  including  oil  type  regulator,  elastic  fly-wheel  coup- 
ling and  direct-connected  exciter,  is  shown  in  the  foreground.    The 


FIG.    6 — TNTEKIOR    0¥   POWER    HOUSE 

Showing  in  the  foreground,  a  turbine,  fly-wheel  and  gener- 
tor  set  with  direct-connected  exciter.  The  liigh-tension  control 
equipment  is  installed  in  a  concrete  structure  at  the  rear,  while 
the  switchboard  is  located  in  the  gallery  above. 

switchboard,  which  is  located  in  the  gallery  at  the  end  of  the  station, 

overlooking  the  generator   room,  is  provided  with  a  control   desk 

equipment  and  instrument  panels  on  which  are  mounted  the  various 

meters,    relays,   rheostat   hand-wheels,   and   control   levers    for   the 

high-tension  circuit  breakers,  there  being  no  high-tension  apparatus 

on  the  switchboard.     The  circuit  breakers  are  mounted  in  fire  proof 

cells  under  the  gallery.     The  current  and  voltage  transformers  for 

the  meters  and  relays  are  also  contained  in  fire-proof  cells.     The 

bus-bars  are  mounted  above  the  circuit  breakers  under  the  operating 

gallery.     A   Thury   regulator   automatically   takes   care  of   voltage 

fluctuations  with  change  of  load.     Horn   lightning  arresters    with 

liquid  resistances,  for  protection  of  the  outgoing  lines,  are  located 

on  the  operating  gallery  back  of  the  switchboard. 


THE  EFFECT  OF  BENDS  AND  LOOPS 

ON  THE  INDUCTANCE  OF  A  CONDUCTOR 

R.  P.  JACKSON 

IT  IS  frequently  stated  that  the  leads  to  and  from  certain  appara- 
tus, a  lightning  arrester,  for  example,  should  be  as  straight  as 
possible  and  avoid  unnecessary  bends.  This  has  sometimes  been 
interpreted  to  require  the  elimination  of  short  corners,  angles,  etc., 
on  their  own  account,  as  being  intrinsically  of  greater  inductance 
than  straight  conductor.  Strictly  speaking  this  is  not  true  and  the 
only  reason  for  avoiding  corners  and  bends  is  the  simple  and  funda- 
mental one  that  a  crooi^ed  line  cannot  be  the  shortest  one  between 
two  ])oints.  In  fact,  no  matter  how  crooked  and  intricate  tlie  path 
afforded  l)y  a  conductor,  so  long  as  one  loop  does  not  lie  over  aii- 
otlier.  its  impedance  cannot  be  greater  and  is,  in  fact,  somewhat 
less  tlian  the  same  conductor  stretched  out  straight.  It  is  true,  how- 
ever, that  such  a  tortuous  path  has  greater  impedence  th.an  one  fol- 
lowing an  approximately  straight  line  between  tlie  terminal  points. 
This  statement  may  not  appeal  to  one  who  has  been  in  the  habit  of 
looking  upon  loops  and  bends  in  a  conductor  as  having  an  induc-l 
tance  which  is  at  least  greater  than  the  same  length  of  straight  con- 
ductor, but  a  simple  demonstration  may  make  this  more  clear. 

The  inductance  of  a  single,  turn  of  wire  in  the  form  of  a  circle 
is  double  that  of  a  second  similar  loop  of  half  the  diameter.  Con- 
sequently for  similar  loops  the  inductance  is  proportional  to  the 
length  of  the  wire  or,  in  other  words,  the  inductance  is  the  same 
per  foot  of  wire.  If  the  loop  be  made  very  large,  then  a  small  sec- 
tion of  it,  say  a  few  feet  in  length,  is  approximately  a  straight  line 
and  its  inductance  may  be  considered  as  equal  to  that  of  a  straight 
wire.  Hence,  the  inductance  of  a  foot  of  wire  carrying  a  given  cur- 
rent is  the  same  whether  this  wire  forms  a  part  of  a  small  loop,  or 
a  large  one,  or  a  straight  conductor.* 

Assume,  for  example,  loops  A  and  B  of  Figs,  i  and  2,  loop  B, 
having  twice  the  linear  dimensions  of  A,  and  of  course  an  area  four 
times  as  great.  Suppose  the  area  of  A  be  divided  into,  say,  i  ooo 
little  portions  dA  and  the  circumference  into  a  similar  number  of 
short  arcs  da.     We  can  divide  B  up  into  the  same  number  of  por- 


*These  statements  are  not  quite  correct  as  the  diameter  of  the  wire  has 
an  effect  which  has  not  been  considered.  Furthermore,  the  statements  do 
not  apply  to  coils  in  which  there  are  two  or  more  turns.  To  be  strictly  true, 
the  diameter  of  the  conductor  must  vary  also  with  the  size  of  the  loup.  Tf 
no^  the  inductance  increase  slightly  more  rapidly  than  the  linear  dimensions 
of  the  loop. 
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tions  and  dB  will,  of  course,  have  four  times  the  area  of  dA,  and  db 
will  be  twice  as  long  as  da.  Now  dh  being  twice  as  long  as  da  the 
magnetic  effect  at  any  point  of  a  current  flowing  through  it  will  be 
twice  as  great.  Small  elements  also  like  dA  and  dB  will  be  magnet- 
ically affected  by  da  and  db  inversely  as  the  square  of  their  dis- 
tances from  the  same.  In  general,  since  the  linear  dimensions  of 
B  are  twice  those  of  A,  distance  R  will  be  twice  distance  r  and  the 
magnetic  effect  of  a  given  current  in  db  on  dB  will  be  one-half  that 
of  a  similar  current  in  da  on  dA,  i.e.,  J4x2=:j^.  However,  the 
area  of  dB  being  four  times  that  of  dA  and  its  flux  density  one- 
half  as  great,  it  will  contain  twice  the  flux.  There  being  the  same 
number  of  elements  dA  and  da  as  there  are  dB  and  db,  the  same 
condition  holds  for  the  whole  circles  or  loops  of  whatever  shape 


so  long  as  they  are  similar.  In  other  words  the  flux  for  a  given 
current,  or  the  inductance,  varies  directly  with  the  linear  dimensions 
of  similar  loops  and  coils,  and  the  inductance  is  the  same  per 
unit  length  of  conductor. 

Now  suppose  that  loop  B  were  many  times  as  large  as  A  and 
that  a  length  of  such  conductor  equal  to  loop  A  from  p  to  p  would 
be  practically  a  straight  line.  Its  inductance  would  be  the  same 
as  loop  A.  (Practically  a  little  greater  if  the  wire  were  the  same 
size).  Thus  loop  A  from  p  to  p  has  no  greater  inductance  than  the 
same  conductor  stretched  out  in  a  straight  line.  In  other  words, 
bends,  loops  and  corners  are  harmful  only  because  they  involve  more 
conductor  and  not  because  such  loops  and  bends  in  themselves  in-- 
crease  the  inductance.  This  is  not  the  case,  however,  if  one  loop 
overlaps  another  as  in  Fig.  3.  In  this  case  the  inductance  increases 
in  general  as  the  square  of  the  number  of  turns. 


EFb'ECT  OF  BENDS  AND  LOOPS 


Sharp  points  are  bad  wliether  at  bends  of  the  conductor  or  else- 
where but  for  reasons  due  to  the  static  rather  than  the  magnetic 
field. 

The  production  of  magnetic  lines  around  a  conductor  or 
through  a  coil  by  magneto-motive  force  is  quite  analogous  to  the 
flow  of  current  through  a  resistance  as  the  result  of  an  e.  m.  f .  In 
one  case  the  flow  of  energy  is  proportional  to  the  value  EI  and  in 
the  other  case  the  stored  energy  is  proportional  to  the  value  HB, 
where  H  is  the  magneto-motive  force  and  B  the  flux  density.  With 
a  given  loop  or  coil  if  H  be  doubled  by  doubling  the  amperes,  B 
will  also  double  and  their  product  or  the  stored  energy  will  be  four 
times  as  great.  The  same  is  true  if  the  e.  m.  f .  applied  to  a  fixed 
resistance  be  doubled — the  energy  input  is  quadrupled. 

If  a  coil  of  given  shape  has  the  number 
of  turns  doubled  the  value  of  H  for  the 
same  current  is  doubled  and  the  magnetic 
reluctance  remains  the  same,  so  B  is 
doubled  and  HB  or  the  stored  energy  is 
quadrupled.  In  this  case,  also,  as  the 
stored  energy  per  unit  current  is  quad- 
rupled, the  value  of  L  or  the  coefiicient 
of  self-induction,  which  is  a  measure 
of  this  value,  is  correspondingly  quad- 
FiG.  4  rupled. 

This  fact  that  the  stored  energy  is  proportional  to  HB  develops 
another  fact  which  is  sometimes  unsuspected.  Take  a  coil  such 
as  shown  in  Fig.  4  with  an  iron  flux  path.  If  there  is  no  air-gap 
the  flux  per  unit  current  is  greatest  but  the  stored  energy  for  a  given 
flux  is  not.  If  an  air-gap  G  is  introduced  the  value  of  H  must  be 
largely  increased  on  account  of  the  reluctance  of  the  air-gap.  The 
stored  energy  HB  then  becomes  correspondingly  greater.  If  the 
coil  is  in  a  series  relation  to  the  circuit,  it  is  most  effective  if  the 
air-gap  G  is  just  large  enough  to  permit  saturation  of  the  iron  of 
the  circuit. 
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THE   JOURNAL  QUESTION  BOX 

Our  readers  are  invited  to  use  this  department  for  obtaining  information 
on  electrical  and  mechanical  subjects.  The  topics  should  be  of  general  in- 
terest and  of  the  kind  that  can  be  treated  briefly.  Each  inquiry  should  be 
accompanied  by  a  stamped  return  envelope. 

Address  all  questions  to  The  Journal  Question  Box,  care  of  The  Electric 
Journal,  Box     911,  Pittsburg,  Pa. 


608— Specifications  for  Silver 
Chloride  Test  Cells— Please  give 
directions  for  making  up  silver 
chloride  cells,  such  as  are  in  gen- 
eral use  in  testing  outfits,  _  espe- 
cially regarding  the  preparation  of 
the  electrolyte  and  the  material 
used  for  hermetically  sealing  the 
glass  cells.  h.  m.  s. 

So  far  as  we  can  determine,  sil- 
ver chloride  cells  are  no  longer  used. 
They  were  in  use  15  or  20  years 
ago,  but  did  not  prove  satisfactory. 
We  have  no  details  as  to  their 
manufacture.  Any  of  the  present 
forms  of  standard  cells,  the  Clark, 
Carhart-Clark  or  the  Weston  would 
probably  fulfill  your  requirements. 
The  Clark  cell  has  been  the  legalized 
standard  in  the  United  States.  Its 
e.m.f.  is  1.434  to  1.433  volts  at  15  de- 
grees C.  The  electrodes  consist  of 
zinc  amalgum  covered  with  a  layer 
of  zinc  sulphate  crystals  and  metallic 
mercury;  the  electrolyte  being _  a 
saturated  aqueous  solution  of  zinc 
sulphate  and  mercurous  sulphate. 
The  Weston  cell  is  at  present  the 
adopted  form  of  standard  cell  in  the 
United  States.  It  promises  shortly 
to  be  accepted  as  the  international 
standard.  The  electrodes  of  the 
Weston  cell  consist  of  cadmium  sul- 
phate crystals,  and  pure  mercury  in 
contact  with  a  paste  of  mercurous 
sulphate,  cadmium  sulphate  crystals 
and  metallic  mercury;  the  electro- 
lyte being  a  concentrated  aqueous 
solution  of  cadmium  sulphate  and 
mercurous  sulphate.  The  e.m.f.  of 
the  Weston  cell  is  1.0186  volts  be- 
tween 5  and  26  degrees  C.  With  the 
exception  of  its  lower  e.m.f.  it  has 
many  advantages  over  the  Clark  cell, 
among  which  the  most  important^  is 
its  low  temperature  coefiticient,  which 
is  about  20  times  smaller  than  that 
of  the  Clark  cell.  It  also  has  a 
longer  life,  and  many  other   advan- 


tages which  are  sure  to  place  it  be- 
fore the  Clark  cell.  For  sealing  such 
a  cell,  wax,  paraffine  or  some  elec- 
trical insulating  and  impregnating 
compound  may  be  used.  c.  e.  s. 

609— Locating  Trouble  in  Tele- 
phone Cable — Several  short-cir- 
cuits liave  developed  in  a  cable  in- 
stalled in  connection  with  a  central 
energy  telephone  system  located 
in  a  large  industrial  works.  When 
a  call  button  is  pressed  more  than 
one  phone  rings ;  cross  talk  also 
interferes  with  the  service.  As  a 
result  of  the  trouble  the  batteries 
deteriorate  rapidly.  Five  hundred 
to  six  hundred  feet  of  the  cable  is 
supported  on  30  foot  poles,  and  it 
is  probable  that  the  trouble  is  in 
this  section  and  traceable  to  damp- 
ness. How  may  the  cable  circuits 
be  tested  to  locate  the  short-cir- 
cuits without  removing  the  cable 
from  the  poles?  e.  w.  B. 

The  following  method  is  sug- 
gested :  Remove  the  attachments 
from  several  of  the  cable  pairs  and 
test  the  pairs  for  ground  by  passing 
a  current  from  a  battery  giving  25 
to  50  volts  through  a  voltmeter  in 
scries  with  the  conductor,  one  side  of 
the  battery  being  grounded.  If  the 
cable  pairs  are  clear  you  will  get  no 
deflection  on  the  voltmeter.  If  you 
do  get  a  deflection  on  the  voltmeter 
it  indicates  low  insulation  resistance 
and  tlie  trouble  should  be  cleared. 
The  trouble  can  be  located  by  either 
the  Varley  or  Murray  loop  methods. 
These  tests  are  very  common  and 
are  published  in  the  various  engineer- 
ing handbooks  and  many  text  books. 
An  ordinary  bridge  may  be  used  for 
locating  the  trouble,  but  it  is  better 
to  use  a  special  trouble  locating  set, 
such,  for  example,  as  are  made  up 
by  Queen  &  Company  or  Leeds- 
Northrup  Company.    After  the  trou- 
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ble  is  located  the  cable  should  be 
opened  at  the  point  where  the  loca- 
tion shows  and  the  trouble  cleared 
by  boiling  out  the  insulation  with 
hot  paraiifine  and  closing  up  the  cable 
again  by  means  of  a  lead  sleeve  and 
wiped  joint.  r.  a.  l.  s. 

610 — Exciter  Conditions  with  Tir- 
rill  Regulator — We  have  three  70 
kw,  2300  volt,  three-phase,  60 
cycle,  277  r.p.m.  alternators,  to  each 
of  which  is  belted  one  125  volt, 
seven  and  one-half  kw,  i  200  r.p.m. 
compound-wound  exciter.  We  have 
recently  installed  a  Tirrill  voltage 
regulator,  necessitating  a  bus-bar 
for  our  exciters,  whose  speed  was 
increased  from  1 200  to  1 340  be- 
fore the  installation  of  the  Tirrill 
regulator  in  order  to  get  increased 
exciter  capacity.  Upon  the  installa- 
tion of  the  regulator,  the  series 
windings  of  our  exciters  were 
shunted,  reducing  the  over-com- 
pounding from  40  to  five  volts,  at 
full  exciter  load — 60  amperes.  The 
alternators  are  of  the  revolving 
field  type,  designed  for  unity  pow- 
er-factor, a — How  much  more  ex- 
citer current  at  125  volts  is  re- 
quired by  these  alternators  at  full- 
load  (kva)  and  60  percent  power- 
factor  than  unity  power-factor? 
b — How  much  has  the  installation 
of  the  Tirrill  decreased  our  ex- 
citer capacity  (we  are  now  unable 
to  generate  more  than  full-load 
with  the  regulator  short-circuiting 
the  exciter)  ?  c — How  can  we  con- 
tinue operation  of  the  regulator 
and  generate  140  percent  full  k.v.a. 
load  as  previously,  without  fall  in 
alternating-current  voltage?  d — 
What  type  of  exciter  winding 
would  you  recommend  for  a  new 
plant  with  Tirrill  regulation?  e — 
With  Tirrill  regulation,  are  we  in- 
creasing the  liability  of  our  ex- 
citers to  sparking  by  commutating 
current  at  40  to  160  volts  (average 
125,  voltmeter  reading)  under  nor- 
mal conditions?  (4Q-bar  commu- 
tator— Tirrill  operating  180  times 
per  minute.)  / — Would  inter-poles 
give  better  commutation  with  Tir- 
rill regulation  because  of  question 
e?  J.  M.  w. 

Whereas  the  question  states  that 


the  over-compounding  of  the  exciters 
had  been  reduced  from  40  to  five 
volts,  it  is  hardly  possible  that  the 
exciters  were  over-compounded  to 
that  extent;  what  was  probably 
meant  was  that  the  characteristics 
of  the  exciters  are  such  that  they 
require  about  40  percent  of  the  total 
ampere-turns  in  the  series  fields  to 
give  a  constant  voltage  at  the 
brushes,  and  probably  more  of  the 
compounding  was  cut  out  than 
necessary.  The  compound  winding 
should  be  shunted  sufficiently  to 
give  a  drop  in  voltage  of  about  12 
volts.  To  do  this,  proceed  as  fol- 
lows :  At  no  load  and  constant 
speed  of  i  340  r.p.m.  adjust  the  ex- 
citer voltage  to  112,  always  with 
falling  voltage  and  no  load,  then 
put  on  full  load  and  the  voltage 
should  fall  to  100.  These  tests  or 
adjustments  should  be  made  with 
a  water  rheostat  load.  With  the 
adjustments  made  as  above  the 
trouble  will  probably  cease.  In  re- 
ply to  the  numbered  questions :  a — 
Very  much ;  the  actual  amount 
should  be  obtained  from  the  manu- 
facturer or  by  tests.  &— Not  any; 
adjust  the  compound  winding  as 
above  and  put  ammeters  between 
exciters  and  bus-bars  and  the  re- 
sults will  be  satisfactory,  c — By  ad- 
justing the  compound  winding  as 
above  and  following  answer  to  h. 
d — For  good  practical  design  and 
operation,  would  recommend  an  ex- 
citer having  low  armature  reaction 
so  that  not  more  than  25  percent  of 
the  total  field  ampere-turns  would 
be  required  in  the  scries  winding  to 
give  a  flat  voltage  of  125  on  ex- 
citers designed  for  such  voltages ; 
the  shunt  field  current  should  be 
low.  and  the  exciter  should  give  at 
least  160  volts  at  full  load,  e — No, 
the  snarking  will  be  less  because  the 
Tirrill  maintains  at  all  times  the 
lowest  possible  exciter  voltage  to 
give  the  required  alternating-cur- 
rent voltage.  / — Yes,  but  the  same 
precaution  must  be  taken  in  the  de- 
sign of  such  exciters,  as  the  inter- 
poles  act  the  same  as  the  com- 
pound winding  and  should  not  have 
an  effect  of  over  25  percent  of  the 
total  field  excitation ;  see  answer  to 
d.  A.  A.  T. 
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6i I— Operation    of    Interpole    Ma- 
chines— In     the     testing     depart- 
ment of  a  certain  factory  it  is  the 
practice  to  obtain  rated  speeds  on 
motors     by     shifting    the     brushes 
from  the  neutral.     The  motors  are 
interpole,    and    considerable    varia- 
tion may  be  obtained  before  spark- 
ing occurs.     Is  this  good  electrical 
engineering?     Is    it   admissable   to 
put   a    shunt    on   an    interpole    ma- 
chine of  say  ISO  kw,  or  could  it  be 
considered    as    a    reflection    on    the 
design    if    a    machine    of   this    size 
required    a    shunt    on    the    inter- 
poles    to    secure    good    commuta- 
tion, w.  F. 
As   a   rule   it   is   not  good  prac- 
tice   to    shift    the    brushes    from    the 
neutral  on  interpole  machines.    Good 
commutation    may    be    secured    with 
shifted    brushes    provided    the    inter- 
pole   strength    is    properly    adjusted, 
but  the  speed  of   the  motor  will  not 
be   the   same    for   both   directions   of 
rotation,    the    commutation    will    not 
be  as  good  in  one  direction  as  in  the 
other,  and  the  stability  of  the  motor 
may  be  affected.     Since  the  polarity 
of    the   interpole   in   a    motor   is   the 
same  as  the  polarity  of  the  preced- 
ing main   pole,   a   backward   lead   of 
the  brushes  causes  the  interpole  flux 
to    demagnetize    the    main    field,    so 
that  with  increase  in  load,  the  main 
field   is   weakened,   which   may   make 
the    motor    unstable.      It   would    not 
be   objectionable    on    a   generator    of 
the     size     mentioned     to     shunt     a 
small  proportion  of  the  total  current 
out  of  the  interpole  winding.     While 
it  is  possible  to  calculate  the  strength 
of   the   interpole    winding   sufficiently 
accurately   for  an   average   condition 
so  that  a  shunt  would  not  be  neces- 
sary,   it    is    usually    desirable    in    de- 
signing   machines    of    this    size,    to 
make    them    adaptable    for    a    wide 
range    of    operating    conditions.      It 
is,  therefore,  often  desirable  to  have 
some  excess  ampere-turns  on  the  in- 
terpole winding  so  that  the  strength 
of    the    interpole    field    may    be    ad- 
justed,   if    found    desirable,    to    meet 
severe    or    unusual    operating    condi- 
tions. G.   B. 

612 — Paralleling  of  Two  Systems — 

We  have   under   consideration   the 


tying  in  of  two  high-tension,  60 
cycle,  three-phase  transmission 
systems,  each  of  such  extent  that 
change  of  operating  voltage  of 
either  system  as  a  whole,  cannot 
be  made.  There  are  both  water 
power  and  steam  generating  sta- 
tions, supplying  power  as  far  as 
100  miles.  The  voltage  of  one  is 
66000  and  of  the  other  60000 
volts.  The  connecting  point  will 
be  approximately  fifty  miles  from 
the  nearest  sub-station.  Please 
suggest  suitable  apparatus  for 
tying  these  two  systems  together, 
in  order  that  power  may  be  taken 
in  either  direction  up  to  capacities 
of  about  I  500  kw.  R.  u.  F. 

There  is  no  reason  why  two 
such  systems  cannot  be  tied  together 
by  transformers.  Further,  with  a 
difference  of  only  10  percent  in  the 
voltages,  as  indicated,  there  is  no 
reason  why  auto-transformers  can- 
not be  used  for  tying  the  two  systems 
together.  The  adoption  of  (auto- 
transformers,  however,  will  mean 
that  any  ground  on  one  system  will 
also  become  a  ground  on  the  other — 
a  condition  which  would  be  avoided 
by  the  use  of  two-coil  transformers. 
However,  the  cost  of  the  necessary 
auto-transformers  would  be  only 
about  10  to  20  percent  of  that  of  the 
two-coil  transformers,  hence  making 
tlie  auto-transformers  much  prefer- 
able insofar  as  cost  is  concerned. 
See  "Paralleling  Large  Alternating- 
Current  Systems"  in  The  Journal 
for  May,  1910,  p.  386.  r.  m.  l. 

613 — Loads  of  Leading  and  Lag- 
ging Power-Factor  Paralleled  on 
Generating  Station — In  the  oper- 
ation of  a  three-phase,  25  cycle, 
6600  volt  system,  the  generating 
station  is  located  midway  between 
two  loads.  The  load  on  the  feed- 
ers in  one  direction  consists  of  in- 
duction motors,  with  an  average 
power-factor  of  85  percent  lag, 
and  the  load  on  the  feeders  in  the 
other  direction  consists  of  syn- 
chronous motors.  The  generating 
station  power-factor  is  maintained 
at  unity  by  making  the  power-fac- 
tor of  the  synchronous  motors  lead 
enough  to  overcome  the  lag  of  the 
induction   motors.     Would   such   a 
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scheme    be    considered    as    an    eco- 
nomical condition  of  operation? 

F.     M. 

Unity  power-factor  at  the  gen- 
erating- station  is  obtained  by  over- 
exciting  the  synchronous  motors 
mentioned  in  this  question  so  that 
they  take  a  leading  wattless  current 
to  exactly  the  same  extent  that  the 
induction  motors  take  a  lagging 
wattless  current.  There  is  therefore 
an  exchange  of  wattless  current  be- 
tween the  synchronous  motors  at  one 
end  of  the  transmission  line  and  the 
induction  motors  at  the  other  end. 
No  part  of  the  wattless  current  cir- 
culates through  tlie  generators.  It 
does  not  matter  mucli  whether  the 
wattless  current  that  necessarily  is 
taken  by  the  induction  motors  is  cir- 
culated through  the  generators  or 
tlie  synchronous  motors.  As  a  mat- 
ter of  fact,  with  the  arrangement 
of  circuits  as  indicated  in  the  ques- 
tion, there  would  be  somewhat 
greater  line  loss  due  to  circulating 
the  wattless  element  through  the 
synchronous  motors  than  through 
the  generators  since  the  wattless  ele- 
ment in  the  latter  case  would  only 
have  to  go  as  far  as  the  power  plant 
and  would  not  have  to  be  transmit- 
ted through  that  part  of  the  trans- 
mission line  between  the  generators 
and  the  synchronous  motors.  A  very 
slight  reduction  in  line  loss  might 
therefore  be  obtained  by  taking  the 
wattless  element  through  the  gen- 
erators rather  than  through  the  syn- 
chronous motors.  However,  this  is 
probably  a  very  insignificant  amount 
of  power.  If  the  synchronous  mo- 
tors and  the  induction  motors  are 
located  at  the  same  end  of  the  line, 
then  the  transmission  conditions 
could  be  bettered  by  compensating 
the  wattless  element  of  the  induc- 
tion motors  by  the  synchronous  mo- 
tors instead  of  allowing  it  to  pass 
through  the  generators  and  inter- 
vening line.  It  is  the  arrangement 
of  the  transmission  line  that  makes 
this  course  not  so  advisable  in  the 
case  mentioned  above.  p.  m.  l. 

614 — Storage  Battery  on  Ten-Ton 
Auto-Truck — What  average  life 
may  be  expected  for  the  positive 
plates    of    storage    batteries?      Of 


the  negative  plates?  The  battery 
cells  in  question  are  Westinghouse 
9-R-3  and  Electric  Storage  Bat- 
tery Co.,  Type  ELS-9  Tudor  Ac- 
cumulator. These  batteries  are 
operating  ten-ton  auto  trucks 
working  ten  hours  per  day  and 
pulling  three  loaded  trailers 
around  curves  and  over  crossings, 
switches  and  frogs  which  are  in 
bad  shape.  The  trucks  have  48 
cells  each.  When  they  are  put  on 
charge  at  night,  i.  e.,  from  6  P.M. 
to  7  A.M.,  the  meter  shows  from 
40  to  50  amperes.  The  trucks  are 
also  charged  one-half  hour  at  noon 
each  day.  Would  the  later  type  of 
Edison  battery  be  suitable  for  these 
trucks?  H.E.J. 

With  careful  attention,  and 
worked  as  these  are,  the  positive 
plates  will  give  a  life  of  two  years, 
and  the  negative  plates  a  life  of  from 
five  to  ten  years.  The  new  Edison 
type  of  cell  would  probably  be  suit- 
able for  this  service.  Edison  plates 
are  doing  well  in  auto  service,  but 
their  life  has  not  been  definitely  de- 
termined. Their  cost  and  capacity 
are  higher  and  their  efficiency  lower 
than  the  above  standard  types  of 
battery.  n.  r. 

615 — Rotary     Gas     Engine — Is     the 

principle  of  internal  combustion 
applicable  to  the  rotary  engine  and 
if  not,  what  difficulties,  mechanical 
or  theoretical,  stand  in  the  way  of 
developing  an  engine  of  this  sort? 
Will  you  please  also  tell  me  of  any 
appreciable  progress  in  the  devel- 
opment of  gas  turbines,  and  if 
there  is  as  yet  any  literature  on 
this  subject.  G.  A.  B. 

A  rotary  gas  engine  can  be 
made  and  will  run  satis factorik,  but 
it  should  not  be  expected  to  give  a 
high  efficiency  on  account  of  the 
greater  cooling  surface  exposed  in 
every  form  of  rotary  engine  known. 
Gas  turbines  have  been  made  which 
run  well,  but  so  far  thev  have  not 
shown  high  enough  efficiency  to 
justify  their  use.  The  principal  dif- 
ficulty is  to  obtain  the  necessary 
compression.  It  is  sufficient  for  one 
to  read  up  on  the  design  of  low 
pressure  turbines  such  as  those  used 
with  reciprocating  engines,  to  appre- 
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date  that  the  turbine  is  not  as  ef- 
ficient at  the  higher  pressures  as  the 
engine,  and  the  higher  pressures 
must  be  used  to  get  good  economy. 
A  good  book  on  this  subject  is  that 
entitled  "The  Gas  Turbine,"  b}'  H. 
H.  Supplee.  a.  t.  k. 

6i6— Phase  Relations  Between  Pri- 
mary and  Secondary  of  Three- 
Phase  Star-Connected  Trans- 
formers-— In  a  bank  of  trans- 
formers with  primary  and  second- 
ary star-connected  would  it  make 
any  difference  which  coil  terminal 
was  connected  to  the  neutral? 
Would  the  transformers  work 
equally  well  in  each  case?  w.  l.  m. 
If  thr^e  single-phase  transformers 
are  connected  star  to  star  on  a 
three-phase  circuit,   it   does  not  mat- 


Fig.  G16  (a),  (b),  (c)  and  (d) 
ter  which  coil  terminal  of  either  the 
high-tension  or  low-tension  side  of 
each  transformer  is  connected  to  the 
neutral  so  long  as  the  connections 
are  made  in  such  a  manner  as  to  give 
the  proper  phase  relations.  The  con- 
nections of  one  side  can  be  made 
using  whatever  terminals  are  desired 
for  the  neutral  but,  when  this  con- 
nections is  once  made,  the  phase  di- 
rections of  the  voltages  of  all  the 
windings  are  fixed  and  the  connec- 
tions of  the  other  side  must  be  made 
in  such  a  way  as  to  combine  the  volt- 
ages in  their  proper  phase  relations. 
Figs  6i6  (a),  (b)  and   (c)   show  cor- 


rect connections  while  Fig.  6i6  (d) 
is  incorrect.  The  respective  voltage 
relations  of  these  connections  are 
also  shown  in  Figs.  6i6  (a),  (b),  (c) 
and  (d).  From  these  diagrams  it  is 
readily  seen  that  two  banks  of  trans- 
formers connected  as  per  Figs.  6i6 
(a)  and  (c),  can  be  operated  in 
parallel,  but  if  they  are  connected  as 
per  Figs.  6i6  (a)  and  (b)  or  (b) 
and  (c)  they  cannot  be  operated  in 
parallel.  For  parallel  operation  of 
two  or  more  banks  not  only  must  the 
phase  relations  be  correct  but  the 
directions  of  the  voltages  with  re- 
spect to  corresponding  terminals 
must  be  the  same.  w.  m.  mcc. 

617 — Reversal     of     Wattmeter     on 
Low  Power-Factor — 1  have  read 
that   a   polypliase   wattmeter   would 
run    (power-factor    below    50    per- 
cent)   fast  on  light  loads;   I  made 
a   test   on   two  out   of   a   lot  of   25 
nezv  standard  wattmeters  lately  and 
found  that,  at  four  percent  of  nor- 
mal capacities  and  20  percent  pow- 
er-factor,   both    meters    registered 
four    percent    slow.     Was    my    test 
an   exception  in   the  results  attain- 
ed ?  F.  G.  F. 
A      polyphase      or      single-phase 
meter  on  low  power-factor  and  light 
load  may  run  either  fast  or  slow,  de- 
I)ending  entirely  on  the  power-factor 
adjustment.     If  the  meter  be  under- 
compensated, it  will  run  slow,  and  if 
over-compensated  it  will  run  fast  on 
lagging     current.      Meters     correctly 
compensated   will   run  correctly  with 
a  power-factor  quite  low,  but  with  a 
power-factor  as  low  as  20  percent  a 
slight  error  in  the  compensation  be- 
gins  to   cause   a   noticeable    error   in 
tlie  readings.                                  a.  w.  c. 


CORRECTIONS 


In  the  article  on  "Securing  Fac- 
tory Loads  for  Central  Stations"  in 
the  July  issue,  page  614.  first  para- 
graph, the  water  evaporated  should 
read  "5610000  pounds."  thus  giving 
a  rate  of  "evaporation  of  7  pounds 
of  water  per  pound  of  coal." 

In  the  article  on  "Comparative  Ca- 
pacities of  Alternators"  in  the  Au- 
gust issue,  page  680,  fifth  line  from 
i)nttom.  the  expression  appearing  as 
*'(J')"     should   read     "(^)"' 
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A  brief   retrospective  survey  of  the  railway  field 
Recent  jg  ,^]j  jj-^^j-  jg  necessary  to  convince  one  that  the  last 

Improvements  ^^yord  has  not  yet  been  said  on  any  line  of  railway 
In  Railway  apparatus.  New  methods  and  new  developments 
Apparatus  .^^^  continually  being  presented  for  the  considera- 
tion of  railway  operators.  Many  of  the  new  designs  are  detail 
improvements  based  on  practical  operating  experience  and  of  the 
kind  that  tend  to  eliminate  failures ;  others  are  fundamental  and 
tend  to  modify  railway  practice  in  general.  An  outline  of  some 
of  the  more  important  improvements  in  railway  apparatus  which 
liave  been  made  during  the  past  year,  as  given  in  the  following 
])aragraphs,  should  ])rove  of  interest  to  railroarl  men  in  general. 


Notwithstanding  the  excellence  of  the  interpole  railway  mot(M-s 
in  use  a  year  ago,  further  improveirents  have  been  suggested  and 
developed  into  commercial  form.  The  use  of  forced  ventilation 
to  increase  the  capacity  of  the  motors  has  been  tried  out  on  a  large 
scale  on  the  Pennsylvania  and  Long  Island  Railroad  cars.  The 
motors  have  a  nominal  rating  of  220  horse-power  but  the  use  of 
forced  ventilation  enables  the  motors  to  be  operated  at  a  much 
higher  continuous  rating  than  would  be  possible  without  it.  The 
method  of  applying  this  ventilation  is  unique.  A  small  motor- 
driven  blower,  or  rather  pair  of  blowers  on  each  end  of  the  motor 
armature  shaft,  is  mounted  underneath  the  truck  bolster,  and  each 
fan  furnishes  air  to  one  motor.  The  air  supplied  to  these  blowers 
is  taken  from  an  inlet,  well  up  on  the  side  of  the  car,  so  as  to  avoid 
the  introduction  of  dust  and  dirt  from  the  roadbed  into  the  mofors. 

The  use  of  forced  ventilation  has  been  quite  common  on  loco- 
motives, notably  on  the  New  York,  New  Haven  &  Hartford  Rail- 
road, the  St.  Clair  Tunnel,  the  Spokane  &  Inland  and  others,  for 
some  years,  but  this  is  the  first  time  that  forced  ventilation  has 
been  applied  to  car  motors  on  any  large  scale.  There  is  also  a 
tendency  toward  ventilating  small  motors  by  means  of  fans  on 
the  armatures,  either  with  open  or  closed  motors.     This  is  the  re- 
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suit  of  the  demand  for  light  weight  motors.  The  use  of  motors 
with  incombustible  insulation  is  another  result  of  this  light  weight 
motor  demand. 

FIELD    CONTROL 

The  speed  of  the  passenger  locomotives  on  the  New  York, 
New  Haven  &  Hartford  Railroad,  when  operating  on  direct-cur- 
rent, is  controlled  by  varying  the  strength  of  the  field  of  the  mo- 
tors. This  method  was  found  to  be  so  eminently  successful,  after 
having  been  in  use  for  about  four  years,  that  the  same  plan  was 
adopted  for  the  Pennsylvania  locomotives.  These  locomotives  have 
only  two  motors  and  consequently  would  not  have  as  wide  a  range 
of  speed  control  of  the  motors  as  locomotives  having  four  motors, 
connected  in  series,  series-parallel,  and  parallel.  On  the  Pennsyl- 
vania locomotives,  the  motors  are  connected ;  first,  with  full  field 
series ;  second,  normal  field  series ;  third,  full  field  parallel ;  fourth, 
normal  field  parallel.  This  control  thus  gives  four  highly  efficient 
operating  speeds.  The  full  field  gives  an  enormous  tractive  eflfort 
at  low  speeds  with  comparatively  small  current,  and  the  normal 
field  enables  the  locomotives  to  haul  comparatively  heavy  loads  at 
high  speeds ;  thus  enabling  a  motor  of  given  capacity  to  be  used 
over  a  much  wider  range  of  speeds,  and  with  less  power  consump- 
tion than  would  be  possible  without  the  field  control.  This  whole 
system  has  been  remarkably  successful  and  has  never  given  the 
slightest  amount  of  trouble.  The  commutation  of  the  motors  is 
perfect,  regardless  of  the  field  strength  used,  and  proves  conclu- 
sively the  great  flexibility  of  the  modern  interpole  railway  motor 
and  its  adaptability  to  conditions  of  operation  which  would  not  be 
possible  with  the  old  non-interpole  form. 

The  success  of  field  control  on  these  large  locomotives  has  re- 
sulted in  the  application  of  the  same  feature  to  the  control  of  or- 
dinary street  car  motors,  for  both  slow  speed  city  service  and  high 
speed  interurban  work.  The  advantage  in  slow  speed  city  work 
is  that  the  motors  may  be  wound  for  a  very  low  speed  with  full 
field,  which  will  insure  the  minimum  amount  of  operation  on  resis- 
tance, and  the  normal  field  makes  it  possible  to  operate  the  car  at 
higher  speeds  when  they  reach  the  surburban  sections  of  the  line 
and  have  less  interference.  It  virtually  gives  a  high  speed  equip- 
ment with  an  extremely  small  rheostatic  loss  in  starting,  and  the 
saving  in  power  may  be  very  considerable,  depending  of  course  on 
the  amount  that  is  ordinarily  lost  in  the  resistance.  There  is  a 
distinct  saving  in  weight  as  well  as  in  efficiency  of  operation,  as  the 
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decreased  resistance  loss  means  less  resistance  grids  to  carry 
around,  and  in  many  cases  also  the  motor  is  lighter.  The  advan- 
tage of  field  control  on  interurban  work  is  due  to  the  fact  that  the 
cars  may  be  started  with  much  smaller  accelerating  currents,  and  are 
thus  better  adapted  for  local  service,. and  yet  are  able  by  means  of 
the  field  control  to  operate  efficiently  at  a  very  much  higher 
schedule  speed  for  limited  service.  Ordinarily,  where  cars  are 
used  interchangeably  for  local  and  limited  service  with  direct-cur- 
rent, either  one  or  the  other  class  of  service  must  be  somewhat 
slighted,  or  the  equipments  will  be  badly  overworked.  The  use  of 
field  control  avoids  both  of  these  contingencies.  The  operation 
with  the  normal  field  enables  the  motors  to  haul  the  cars  very  much 
easier  in  local  service,  and  yet  provides  all  of  the  speed  necessary 
for  a  first-class  limited  service.  This  system  may  be  used  with 
either  the  multiple-unit  or  hand  control. 

HIGH   VOLTAGE   DIRECT-CURRENT    APPARATUS 

The  Piedmont  Traction  Company  and  the  Greenville,  Spartan- 
burg &  Anderson  Railway  Company,  which  form  two  branches  of 
a  new  railway  system  in  North  and  South  Carolina,  are  now  being 
equipped  by  the  Westinghouse  Company,  with  i  500  volt  direct- 
current  apparatus.  This  is  a  distinct  advance  over  any  other  di- 
rect-current voltage  in  this  country,  and  is  moreover  the  largest  high 
voltage  direct-current  installation  ever  undertaken.  It  involves 
the  equipment  of  about  135  miles  of  railway,  including  both  car 
equipments  and  freight  locomotives. 

MULTIPLE-UNIT  CONTROL 

Marked  advances  have  been  made  in  the  use  of  multiple-unit 
control,  both  for  city  cars  and  interurban  work,  in  the  past  year.  The 
new  simplified  unit-switch  control  has  been  enthusiastically  received 
on  both  city  and  interurban  lines,  and  meets  the  demand  for  a  sim- 
ple, efifective  control  which  will  replace  the  hand  control  on  the 
platforms  of  cars  without  great  addition  in  either  cost  or  weight. 
In  many  cases,  in  fact,  the  weight  is  less  with  the  new  multiple-unit 
control  than  with  the  old  hand  controllers.  As  the  desirability  of 
keeping  controllers  carrying  large  currents  away  from  car  plat- 
forms is  becoming  more  apparent  every  day,  a  rapid  turning  of  the 
sentiment  of  operating  men  toward  this  form  of  control  is  to  be 
expected.  It  not  only  employs  a  smaller  number  of  switches  than 
any  multiple-unit  control  heretofore  used,  but  the  number  of  inter- 
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locks  is  so  much  reduced  as  to  enable  them  to  be  practically  for- 
gotten as  far  as  cost  of  maintenance  is  concerned.  Line  current 
is  used  for  operating  the  valve  magnets  for  the  switches,  and  a 
type  of  resistance  is  used  in  series  with  these  magnets  which  is  of 
the  most  efficient  form. 

SINGLE-PHASE   RAILWAY   SYSTEM 

Steady  advance  in  the  use  of  single-phase  apparatus  has  been 
made  for  railway  work.  In  the  past  year,  the  Rock  Island  &  South- 
ern Railway,  has  begun  operation  with  ii  ooo  volt,  single-phase  cur- 
rent on  the  trolley,  and  the  apparatus  has  operated  with  the  greatest 
success.  The  New  York,  New  Haven  &  Hartford  Railway  Com- 
pany has  been  extending  its  electrical  zone,  and  has  purchased  a 
number  of  different  locomotives  with  the  view  of  establishing  the 
best  type  both  for  its  passenger  and  freight  service.  The  latest  type 
of  locomotive  is  one  which  is  equipped  with  four  driving  axles,  but 
has  eight  motors,  there  being  two  motors  geared  to  a  quill  sur- 
rounding each  axle.  This  equipment,  which,  on  the  face  of  it,  ap- 
pears more  complicated,  is  in  reality  lighter,  cheaper  and  simpler 
than  a  locomotive  of  the  same  capacity  having  four  motors  of  the 
same  total  capacity.  It  permits  the  use  of  comparatively  small  mo- 
tors for  locomotives  of  large  capacity,  and  thus  renders  motor  re- 
pairs a  much  simpler  matter.  Each  of  the  small  motors  has  prac- 
tically one-half  the  number  of  brushes,  brush  holders,  armature 
field  coils,  etc.,  as  one  large  motor,  so  that  there  is  the  same  total 
number  of  these  parts  on  the  locomotives  as  with  the  large  motors. 
There  are,  therefore,  no  more  chances  for  failure  of  the  small  mo- 
tors than  for  the  large  ones,  and  the  cost  of  repairing  a  small 
motor,  as  the  result  of  a  defect,  will  be  very  much  less  than  re- 
pairing the  same  defect  in  a  large  motor.  The  pinions  of  both  mo- 
tors mesh  with  one  gear  on  the  quill,  whereas  large  motors  require 
twin  gears.  It  is  believed  that  this  type  of  locomotive  marks  a 
distinct  advance  in  the  art. 

The  New  Haven  Company  has  also  a  straight  alternating-cur- 
rent switching  locomotive  which,  from  the  time  of  its  arrival  at 
Stamford  several  months  ago,  has  been  on  duty  at  least  twenty 
hours  per  day.  It  has  been  a  great  success,  and  is  doing  the  work 
of  two  steam  locomotives.  Fifteen  additional  80  ton,  switching 
locomotives  of  this  type  are  now  being  built. 

The  Boston  &  Maine  Railroad  Company  has  in  the  last  few 
pionths  electrified  the  Hoos^c  Tunnel  with  11  ooo  volt,  single-phas^ 
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current,  and  has  been  operating  since  the  latter  part  of  May,  hand- 
Hng  all  of  their  service  with  straight  single-phase  locomotives.  Six 
locomotives  are  now  in  use,  each  having  a  rating  of  approximately 
I  500  horsepower.  Half  of  these  are  geared  for  a  minimum  speed 
of  approximately  30  miles  per  hour,  for  handling  heavy  freight 
trains  through  the  tunnel.  The  others  are  geared  for  50  miles  per 
hour  and  are  used  for  handling  the  passenger  service.  These  loco- 
motives weight  approximately/30  tons  each.  This  installation  is 
especially  notable  on  account  of  the  difficulties  encountered  in  in- 
stalling the  apparatus,  and  the  faultless  operation  that  is  secured 
with  II  000  volts  on  the  trolley  in  the  tunnel.  A  contrast  between 
a  trip  through  the  tunnel  under  the  old  conditions  with  the  tunnel 
full  of  smoke  and  the  present  delightfully  cool  air  is  most  marked. 

The  New  York,  Westchester  &  Boston  Railway  is  also  being 
electrified  with  the  single-phase  system  at  11  000  volts.  The  equip- 
ments are  to  be  interchangeable  with  those  on  the  New  Haven  line 
but  are  to  operate  on  alternating  current  only.  They  will  be  used 
for  high  speed  passenger  service  with  multiple-unit  cars. 

Most  of  the  difficulties  on  single-phase  railways  in  the  earlier 
installations  were  due  to  operation  at  abnormally  high  speeds,  at 
speeds  for  which  the  equipments  were  not  designed.  These  speeds 
were  made  possible  because  of  the  fact  that  the  line  voltage  was  al- 
ways good,  and  an  over-voltage  tap  on  the  transformers  was  usual- 
ly supplied.  Further,  the  motors  have  naturally  a  very  steep  speed 
characteristic,  which  enables  them  to  reach  a  much  higher  speed 
than  would  be  possible  with  a  direct-current  motor  with  the  same 
gearing.  This  trouble  from  overspeeding  is  now  avoided  by  the 
use  of  what  is  known  as  an  overspeed  relay.  This  relay  is  elec- 
trically operated,  and  placed  in  the  control  circuit  in  such  a  way 
as  to  be  governed  in  its  operation  by  the  current  and  voltage  ap- 
plied to  the  motors.  It  is  so  arranged  that  the  control  circuit  will 
be  opened  on  the  higher  notches  of  the  controller,  if  the  speed 
reaches  a  certain  definite  limit.  It  is  thus  impossible  to  operate 
these  cars  above  this  limit  unless  there  is  a  long  down  grade  of 
over  one  percent,  which  is  imusual  on  interurban  lines.  In  any 
case,  if  they  are  operated  at  excess  speeds,  they  are  operated  with- 
out power  on  the  motors.  This  scheme  might  safely  be  applied  to 
direct-current  lines,  as  well,  since  extreme  high  speeds  are  not  only 
dangerous,  but  in  practically  all  cases  are  unnecessary  and  are  also 
expensive,  because  of  the  extr^  power  consumption  which  is  in- 
vojved. 
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LINE  CONSTRUCTION 

There  is  a  notable  tendency  toward  the  use  of  a  higher 
grade  of  trolley  construction ;  steel  poles  and  bridges  are  more  often 
seen  and  steel  catenaries  with  new  types  of  hangers,  etc.,  are  more 
in  evidence.  The  new  catenary  construction  on  the  Boston  &  Maine 
at  the  Hoosac  Tunnel,  and  in  the  Harlem  River  yards  of  the  New 
Haven  Railroad  are  especially  worthy  of  mention. 

SUBSTATIONS 

The  equipment  for  direct-current  substations  is  also  being  im- 
proved rapidly.  Higher  speeds  for  rotary  converters  and  motor- 
generators   are  common  and  larger  overload  capacities   are  given. 

In  fact,  there  is  no  line  of  apparatus  used  on  railroads  which 
has  not  shown  a  distinct  advance  in  the  past  year. 

N.  W.  Storer 


It  must  not  be  supposed  that  the  only  recognized 
The  Problem   block  signal,  or  the  only  good  block  signal,  is  auto- 
of  Block        matic.     On  the  contrary,  in  Great  Britain,  where 
Signaling       not  a  mile  of  railroad  carrying  passengers  is  per- 
mitted to  operate  without  block  signals,  and  where 
the   railroads  are  operated   with   much  greater  safety   than   in  the 
United  States,  automatic  signals  are  practically  unknown.     This  is 
essentially  true  also  on  the  Continent  of  Europe.     In  the  United 
States,  at  the  end  of  the  year  1910,  about  twenty-nine  percent  of 
the  steam  railroad  mileage  was  protected  by  block  signals,  but  the 
mileage  protected  by  automatic  block  signals  was  only  about  seven 
and  one-third  percent  of  the  total  steam  railroad  mileage. 

It  is  true,  however,  that  automatic  signaling  in  the  United 
States  is  increasing  much  faster  than  any  other  kind  of  block  sig- 
naling. In  the  years  1909  and  1910,  the  increase  in  miles  of  non- 
automatic  blocks  was  thirteen  percent,  while  the  increase  in  miles 
of  automatic  blocks  was  forty-two  percent.  Automatic  blocking 
began  in  the  United  States  and  has  spread  here,  and  it  is  not  used 
in  Great  Britain,  all  in  obedience  to  certain  underlying  conditions 
which  have  afifected  the  whole  railroad  system  and  methods  in  both 
countries,  and  which,  indeed,  have  afifected  all  other  industrial  de- 
velopments. The  most  important  of  these  conditions  are  density  of 
population,  rate  of  interest  on  money,  current  wages,  and  th^  atti,- 
tude  of  the  people  toward  law  and  discipline. 
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It  must  not  be  assumed  that  we  here  introduced  and  have  used 
automatic  signals  because  we  are  more  intelHgent  or  more  ingenious, 
or  more  enterprising  than  other  people.  All  of  this  opens  up  an 
attractive  field  for  speculation  into  which  we  cani-kot  enter  now. 

While  the  simple  telegraphic  block,  or  in  a  little  higher  develop- 
ment, the  telegraphic  block  controlled  from  cabin  to  cabin  by  elec- 
tric locking,  may  be  entirely  satisfactory  in  Great  Britain  under  the 
social  and  operating  conditions  which  prevail  there,  automatic 
blocking  is  much  the  best  for  American  conditions,  which  fact  is 
now  finding  expression  in  the  rapid  growth  here  of  automatics. 
These  governing  conditions  apply  on  cross-country  electric  roads 
just  as  they  do  on  steam  roads,  only  in  somewhat  less  degree,  be- 
cause of  slower  speed,  lighter  trains,  more  frequent  stops  and  less 
frequent  train  movement. 

The  more  trains  there  are  to  be  moved  in  a  unit  of  time  or  on 
a  unit  of  track,  the  shorter  must  be  the  blocks,  the  extreme  being 
now  reached  in  cases  like  the  Interborough  system,  in  New  York, 
where  the  minimum  length  of  block  is  determined  only  by  the  safe 
braking  distance.  If  blocks  six  miles  long  will  take  care  of  the 
traffic,  it  may  be  permissible,  and  even  desirable,  to  have  an  opera- 
tor at  each  signal,  but  if  the  blocks  must  be  brought  down  to  a 
quarter  of  a  mile  in  length  to  get  the  requisite  number  of  trains 
over  the  road,  no  further  argument  is  needed  to  prove  that  the 
signals  should  be  automatic,  if  only  to  save  the  wages  of  operators. 
Somewhere  between  these  limits  will  be  found  the  line  where  it 
will  be  cheapest  to  use  automatic  signals  regardless  of  other  con- 
ditions. Beyond  this,  however,  are  some  important  considerations. 
Automatic  signals  with  continuous  track  circuits  do  a  number  of 
important  things  which  cannot  be  done  by  manual  signals.  They 
will  usually  (not  always)  detect  a  broken  rail;  many  accidents  have 
been  averted  in  this  way.  They  will  sometimes  (not  usually)  de- 
tect a  wreck  on.  say,  the  east  bound  track  that  has  spilled  over 
on  the  westbound.  They  will  detect  an  open  switch  in  a 
block.  They  do  not  go  to  sleep,  or  forget  orders,  or  do  a  number 
of  other  wrong  things  which  human  operators  sometimes  do.  On 
the  other  hand,  they  do  not.  unfortunately,  report  a  careless  engineer 
or  motorman  who  runs  by  a  red  signal. 

The  conditions  which  call  for  automatic  signaling  on  steam 
railroads  are  precisely  reproduced  on  roads  operated  by  electricity. 
In  heavy  electric  operations  like  the  modern  New  York  City  roads 
and  the  great  electrified  terminals,  automatic  signals  with  continuous 
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track  circuits  are  imperative.  In  city  streets  they  are  impracticable. 
On  cross-country  roads  is  the  debatable  ground,  there  the  policy  of 
the  management  must  be  governed  by  the  complicated  conditions 
of  each  case,  and  these  conditions  are  not  merely  engineering  con- 
ditions, but  they  are  social,  legal,  commercial  and  financial  as  well. 

H.  G.  Prout 


An  electric  light  and  power  circuit  creates  a  fire 
Hazard  hazard  and  often  a  life  hazard  also.     It  may  be 

in  great   or  small.     Ignorance  and  carelessness  may 

Overhead         make  the  hazard  great;  intelligence  and  care  may 
Crossings        render   it  very   slight.      To   minimize   this   hazard 
should  be  the  first  concern  of  all  those  responsible 
for  electric  circuits,  from  the  standpoint  both  of  good  electric  serv- 
ice and  of  obligation  to  the  public. 

An  advanced  stand  is  being  taken  by  public  opinion  and  by 
lawmakers  regarding  the  responsibility  and  the  liability  of  the  em- 
ployer and  the  public  service  corporation.  Public  service  com- 
missions are  looking  after  public  interests  in  a  new  way,  employers' 
liability  laws  are  being  enacted,  and  there  is  a  growing  disposition 
to  regard  the  misdeeds  of  corporations  as  resulting  from  the  crim- 
inal shortcomings  of  their  individual  officers. 

Intelligence  and  care  in  reducing  electrical  hazards  must  be 
exercised;  if  not  by  the  companies  themselves,  then  it  is  certain 
as  fate  that  it  will  come  through  compulsion,  possibly  by  laws  that 
are  more  drastic  than  wise. 

It  is  often  difficult  to  determine  what  is  best — and  to  secure  its 
adoption — in  the  simpler  and  easier  cases.  In  house  wiring,  the 
wood  fittings  and  the  Underwriters'  wire  of  early  days  are  things 
of  the  past,  thanks  largely  to  the  progressive  attitude  of  the  Un- 
derwriters and  the  exacting  requirements  of  their  wiring  rules.  The 
problem  presented  by  high  voltage  circuits  is  different  and  is  some- 
times peculiarly  difficult.  Low  voltage  circuits  have  had  the  ad- 
vantage of  better  materials  and  improved  methods  of  construction 
for  meeting  substantially  the  same  conditions,  while  high  voltage 
circuits  have  been  increasing  in  pressure  and  in  the  power  carried. 
It  is  simple  to  install  and  protect  a  circuit  per  se,  compared 
with  the  protection  of  a  low  voltage  circuit  when  it  comes  in  con- 
tact with  a  high  voltage  circuit.  It  is,  practically  speaking,  impos- 
sible to  eliminate  a  great  fire  and  life  hazard  when  a  lighting  cir- 
cuit or  a  telegraph  or  telephone  line  is  in  contact  with  a  high  voltage 
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transmission  circuit.  The  wiring  in  houses  and  offices  is  not  in- 
sulated to  withstand  voltages  which  can  jump  across  an  air  space 
of  an  inch  or  more,  end  even  if  tliey  were,  the  life  hazard  might 
be  still  greater. 

The  way  to  reduce  the  hazard  is  to  reduce  the  chance  of  contact 
between  the  circuits  by  keeping  them  apart,  widely  separating  them 
when  practicable,  and  employing  the  best  mechanical  construction 
where  the  crossing  of  the  circuits  or  their  support  by  the  same  poles 
is  imperative. 

The  problem  is  not  merely  engineering  and  constructive,  it  is 
commercial  as  well.  The  lines  are  often  owned  by  different  com- 
panies, and  there  is  apt  to  be  controversy  in  which  self-interest  re- 
garding methods  of  procedure  and  matters  of  cost  and  responsibility 
take  precedence  over  good  engineering  on  the  one  hand  and  public 
safety  on  the  other. 

This  involved  technical  and  commercial  situation  has  been 
handled  in  a  broad-gauge  way  by  the  National  Electric  Light  As- 
sociation. Its  committee  on  overhead  construction  presented  at  the 
last  convention  a  report  of  nearly  200  pages,  covering  specifications 
for  overhead  lines  for  2  300  volt  service,  and  for  secondary  volt- 
ages ;  also  an  inter-company  agreement  form  and  specifications  for 
the>  joint  use  of  poles  by  lighting  and  telephone  companies.  This 
is  followed  by  specifications  for  overhead  crossings  of  electric  light 
and  power  lines,  which  is  a  joint  report  of  committees  of  the  Na- 
tional Electric  Light  Association,  the  /\merican  Institute  of  Elec- 
trical Engineers,  the  American  Electric  Railway  Association,  the 
Association  of  Railway  Telegraph  Superintendents,  and  the  Amer- 
ican Railway  Engineering  and  Maintenance  of  Way  Association. 
The  report  has  the  endorsement  of  the  leading  telegraph  and  tele- 
phone companies.  The  names  of  the  fifty  members  composing  these 
committees  are  sufficient  guarantee  of  the  technical  and  commercial 
ability  which  has  been  applied  to  the  solution  of  this  problem,  and  the 
report  itself  indicates  a  broad-gauge  view  in  which  high  grade  prac- 
tical construction  is  proposed,  avoiding  the  too-cheap  on  the  one 
hand  and  the  theoretically  elaborate  on  the  other. 

It  is  a  significant  fact  that  there  has  been  so  wide  and  intelli- 
gent an  endeavor  to  come  to  a  practical  agreement.  It  means  much 
for  the  companies  themselves,  for  the  higher  standard  of  electric 
service,  and  for  public  safety.  The  i  000  volt  lineman  is  not  to 
be  trusted  to  run  10  000  or  50000  volt  circuits  over  telephone  wires. 
It  is  fortunate  that  the  electrical  interests  are  appreciating  this  and 
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are  taking  action  before  the  public  awakens  to  the  hazard  which 
exists  in  hundreds  of  houses  when  commonplace  construction  is 
employed  where  high  tension  lines  cross  the  telephone  circuits  which 
enter  these  houses.  Chas.  F.  Scott 


"A  synchronous  phase  modifier,"  according  to  the 
Synchronous     recently    revised    Standardization    Rules    of    the 

Phase  American  Institute  of  Electrical  Engineers,  "some- 

Modifiers  times  called  a  synchronous  condenser,  is  a  syn- 
chronous motor,  running  either  idle  or  under  load, 
whose  field  excitation  may  be  varied  so  as  to  modify  the  power- 
factor  of  the  circuit,  or  through  such  modification  to  influence  the 
voltage  of  the  circuit."  The  first  of  these  uses,  and  a  practical  and 
convenient  means  of  calculating  the  reactive  effects  involved,  are 
covered  in  a  lucid  way  in  the  article  by  Mr.  Nicholas  Stahl  in  the 
present  issue  of  the  Journal.  The  question  of  improving  power- 
factor  conditions  on  circuits  carrying  inductive  loads  whose  effect 
is  to  limit  the  useful  capacity  of  generators,  transmission  lines  and 
transformers,  is  receiving  marked  attention  on  the  part  of  operating 
engineers.  The  second  application  suggested  in  the  Institute  defin- 
ition is  one  which  may  have  much  significance  in  connection  with 
transmission  work. 

The  synchronous  condenser  has  its  widest  field  of  application 
in  connection  with  central  station  and  industrial  power  systems ; 
the  conditions  ordinarily  found  in  the  large  high  power  transmis- 
sion systems  of  the  present  time  are  such  that  they  operate  in- 
herently at  high  power-factor.  A  brief  analysis  will  indicate  the 
reasons  for  these  tendencies. 

The  fundamental  factors  which  make  low  power-factor  ob- 
jectionable are,  first,  the  fact  that  when  current  and  voltage  are 
not  in  phase  the  former  has  a  reactive  component  which,  while  it 
does  no  useful  work,  gives  a  larger  resultant  current,  whose 
heating  effect  increases  directly  as  the  square  of  the  amperage; 
second,  when  a  lagging  wattless  component  of  current  is  present, 
additional  magnetization  has  to  be  furnished  by  increasing  the  gen- 
erator field  excitation,  or  by  other  over-excited  synchronous  ap- 
paratus. Such  synchronous  apparatus  should  be  connected  to  the 
circuit  as  near  as  practicable  to  the  inductive  load  giving  rise  to 
the  low  power-factor  condition,  in  order  to  relieve  both  generators 
and  transmission  line  of  the  effect  of  the  increased  current. 


SYNCHRONOUS  PHASE  MODIFIERS  827 

The  advantage  of  having  the  synchronous  condenser  carry  me- 
chanical load  in  addition  to  its  wattless  load  is  very  generally  rec- 
ognized. This  gives  rise  to  applications  in  industrial  plants,  such 
as  synchronous  motor-generator  sets  for  supplying  direct-current 
power,  and  various  other  direct-coupled  and  belt  driven  applica- 
tions. The  synchronous  motor  may  readily  be  designed  for  self- 
starting  under  limited  load,  but  the  applications  should  preferably 
be  such  as  will  fall  under  the  classification  of  continuous  load  wnth 
minimum  starting  and  stopping.  In  the  case  of  many  central  sta- 
tions, the  motor  load  is  not  a  sufficient  proportion  of  their  total 
load  to  give  serious  trouble  due  to  low  power-factor.  Both  here,  as 
well  as  where  a  considerable  induction  motor  load  is  carried,  the 
installation  of  synchronous  motors  is  to  be  recommended,  wherever 
operating  conditions  will  permit  of  their  successful  application. 
Where  territory  is  open  to  campaigns  for  increased  motor  load,  the 
use  of  synchronous  motors  should  result  in  the  development  of  con- 
ditions giving  maximum  economy  of  operation  both  of  circuits  and 
apparatus. 

In  the  case  of  long,  high  voltage  transmission  lines,  the  condi- 
tions are  different.  Some  significant  facts  bearing  on  this  phase 
of  the  subject  were  brought  out  at  the  last  annual  convention  of 
the  American  Institute  of  Electrical  Engineers.  Operating  condi- 
tions and  results  were  given  in  connection  with  three  typical 
high  voltage  transmission  systems,  with  lines  of  one  hundred  and 
fifty  miles  or  more  in  length  operating  at  approximately  one  hun- 
dred thousand  volts.  In  each  case  the  charging  current  demanded 
by  the  circuits,  due  to  their  high  electrostatic  capacity,  is  of  such 
magnitude  that  the  entire  kilovolt-ampere  capacity  of  at  least  one 
of  their  large  generators  is  required  to  supply  the  leading  wattless 
current  when  no  power  load  is  connected.  This  load  varied  in  the 
different  cases  from  thirty-five  hundred  to  ten  thousand  kilovolt- 
amperes,  depending,  of  course,  on  the  length  of  line,  operating 
voltage,  spacing,  and  frequency.  A  further  fact  was  brought  out 
in  one  case  where,  with  no  connected  load,  the  voltage  at  the  re- 
ceiving end  of  the  line  was  several  percent  higher  than  at  the  gen- 
erating end.  The  operating  conditions  of  these  systems  are  such 
that,  when  carry  their  usual  load,  there  is  little  demand  for  syn- 
chronous motors  as  a  source  of  wattless  leading  current ;  in  fact, 
a  certain  inductive  load  is  needed  to  compensate  for  the  capacity 
effect  of  the  transmission  lines.  Under  such  conditions,  synchron- 
ous condensers  may  be  serviceable  as  a  means  of  supplying  an  in^ 
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ductive  component  through  adjustment  of  their  tield  currents   for 
under-excitation. 

This  leads  to  the  second  feature  of  the  synchronous  condenser 
mentioned  in  the  quotation  from  the  Standardization  Rules,  viz., 
that  of  compensating  for  excessive  line  drop  by  neutralizing  the 
lagging  wattless  component  of  the  current,  or  even  raising  the 
voltage  at  the  receiving  end  by  supplying  additional  leading  watt- 
less current.  In  the  case  of  overloaded  central  station  circuits,  for 
example,  this  may  be  the  governing  factor,  rather  than  the  effect 
of  low  power-factor  in  limiting  generator  capacity. 

In  regard  to  generators,  either  of  two  limiting  conditions  may 
be  involved  with  low  power-factor  load ;  the  generator  fields  may 
not  be  designed  to  take  care  of  heating  due  to  the  large  exciting 
current  required  to  maintain  normal  voltage  at  low  power-factor, 
or  the  exciters  may  be  of  insufficient  capacity  to  supply  the  neces- 
sary current.  The  former  limitation  is  inherent  in  the  design  and 
can  be  met  only  by  providing  the  machine  with  more  liberal  field 
design ;  the  latter  obviously  can  easily  be  corrected  by  supplying 
increased  exciter  capacity. 

In  investigating  power-factor  conditions  in  industrial  plants, 
the  fact  should  not  be  overlooked  that  frequently  low  power-factor 
is  due  to  what  is  commonly  termed  "over-motoring  the  load."  While 
many  motor  applications  require  maximum  torque  for  only  a  short 
period  throughout  the  cycle  of  operation,  cases  may  repeatedly  be 
found  where  individual  induction  motors  are  operating  at  a  small 
percentage  of  their  capacity,  thus  unnecessarily  lowering  the  av- 
erage power-factor  of  the  plant.  A  suggestion  that  is  worthy  of 
consideration  was  offered  by  Mr.  Albert  Walton,  in  a  recent  article 
in  the  Journal  on  "The  Utility  of  Portable  Indicating  Meters,"  viz., 
that  in  many  cases,  intelligent  diagnosis  and  prescription  will  result 
in  surprising  improvement  of  operating-conditions.  In  an  industrial 
plant  seeking  economy  of  operation,  the  electric  motor  is  no  longer 
treated  as  an  indeterminate  source  of  power.  For  each  application 
a  motor  of  certain  characteristics  is  required.  Both  the  induction 
motor  and  the  synchronous  motor  should  be  used  where  they  will 
operate  to  the  best  advantage  both  in  performing  the  required  me- 
chanical work  and  in  their  effect  on  the  circuit  to  which  they  are 
connected,  E.  R.  Spencer 
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The  article  in  this  issue,  under  the  caption  of  "The 
Steam  Steam  Turbine  for  Future  Work,"  by  Edwin  D. 

Turbine         Dreyfus,  is  commended   for  careful   study.     The 
Design  title  might  lead  one  to  suppose  it  to  be  prophetic, 

whereas,  in  fact,  it  is  a  review  of  conditions  as 
they  are,  rather  than  a  speculation  on  the  future,  showing  that  the 
turbine  machines  of  to-day  will  fill  the  demands  of  the  immediate 
future  as  is  does  the  present.  However,  to  speculate  more  distantly, 
it  would  seem,  with  the  improvements  in  domestic  electrical  ap- 
paratus and  the  manifold  uses  to  which  electrical  energy  may  be 
applied,  that  the  central  station  in  our  large  cities  will  reach  un- 
heard of  proportions.  This  statement,  however,  is  but  echoing  the 
prophecy  of  the  eminent  British  electrical  engineer,  Mr.  Ferranti, 
who  has  just  visited  us.  \\'ith  the  increased  capacities  of  stations 
will  come  correspondingly  increased  capacities  of  turbines,  and 
single  units  of  50  000  kilowatts  capacity  seem  within  the  range  of 
easy  possibility. 

The  future  progress  of  the  turbine  will  go  hand  in  hand  with 
generator  development.  It  is,  in  fact,  due  to  the  latter  that  the 
higher  rotative  speeds  have  been  rendered  possible,  enabling  the 
construction  of  turbines  of  smaller  dimensions  and  better  economy, 
and.  further,  resulting  in  machines  more  reliable  in  operation  be- 
cause of  their  relatively  smaller  structures. 

Doubtless,  with  experience,  turbine  design  will  become  further 
simplified,  again  reducing  the  cost  of  construction.  At  the  present 
time,  due  to  competition  there  seems  to  be  a  deplorable  tendency 
toward  the  reduction  of  cost  at  the  expense  of  quality,  which  from 
the  designer's  viewpoint  we  hope  is  but  transitory. 

The  small  turbines  will  perhaps  experience  greater  develop- 
ment than  the  large  units,  since  their  capacities,  rotative  speeds 
and  market  conditions  necessitate  compromises  in  construction  from 
the  standpoint  of  the  design  governing  the  steam  path. 

Francis  Hodgkinson 


THE  HOOSAC  TUNNEL  ELECTRIFICATION 

H.  K.  HARDCASTLE 

IN  September,  1910,  it  was  decided  to  electrify  the  Hoosac 
Tunnel  and  approaches  including  the  yards  at  each  end.  On 
A/[ay  i8th,  191 1,  the  first  train  was  drawn  through  by  electric 
power,  while  continuous  electric  operation  of  the  total  traffic  was 
begun  on  May  27th. 

The  Hoosac  Tunnel  is  the  longest  tunnel  in  the  United  States, 
being  25  081  feet  long  from  portal  to  portal.  It  pierces  the  moun- 
tain range  between  the  Hoosic  and  the  Deerfield  Rivers  in  the 
Berkshire  Hills,  its  location  and  the  general  arrangement  of  tracks 
being  shown  in  Figs,  i  and  2.  Where  the  rock  is  soft  the  tunnel  is 
arched  with  brick,  but  in  the  greater  part  the  rock  is  hard  and  the 
walls  are  bare  rock.     To  drain  ofif  the  large  amount  of  water  en- 
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FIG      I— BOSTON    AND     MAINE    RAILROAD    LINES     IN     MASSACHUSETTS 

Showing  location  of  Hoosac  Tunnel. 

countered,  the  tunnel  was  run  on  a  grade  of  26.4  feet  to  the  mile 
from  each  portal  to  a  short  level  stretch  in  the  center,  at  which  point 
a  I  028  foot  shaft  extends  to  the  top  of  the  mountain  for  ventila- 
tion. The  work  of  digging  this  tunnel  was  started  in  1851,  and 
the  first  train  went  through  February  9th,  1875.  It  is  straight  and 
double  tracked  from  end  to  end  and  cost  about  twelve  million  dol- 
lars. 

The  electric  zone  extends  from  the  little  tunnel  west  of  the 
North  Adams  station  to  a  point  about  a  quarter  of  a  mile  east  of 
Hoosac  Tunnel  station,  the  total  distance  being  7.92  miles.  The 
electrification  includes  the  yards  at  North  Adams,  about  two  miles 
of  the  main  line  between  North  Adams  and  the  west  portal  where 
the  grade  is  about  0.75  percent;  then  4.75  mile§  pf  the  tunnel  which 
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was  constructed  on  a  0.5  percent  grade  leading  from  both  ends  up 
to  the  central  shaft,  and  the  yards  at  the  east  portal,  including 
three-quarters  of  a  mile  of  main  line,  having  a  grade  of  about  0.5 
to  0.7  percent.     In  all  21.31  miles  of  single  track  is  electrified. 

The  traffic  at  this  point  has  been  exceedingly  heavy  and  with 
the  smoke  and  steam  incidental  to  steam  operation,  the  tunnel 
has  long  been  the  limit  of  the  capacity  of  the  division,  besides  being 
exceedingly  dirty  and  disagreeable  to  passengers.  With  the  tunnel 
electrified  automatic  block  signals  have  been  installed  and  the  capa- 
city of  the  tunnel  increased  three-fold  by  allowing  three  trains  on 


FIG.    2 — PLAX    AND    PROFILE    OF    HOOSAC    TUNNEL 

the  same  track  at  the  same  time.  This  was  not  safe  before,  as 
signals  would  not  have  been  visible.  Instead  of  being  a  nuisance 
the  tunnel  has  become  a  pleasure  in  summer  on  account  of  its  cool- 
ness and  all  passenger  trains  go  through  with  the  windows  open. 

The  method  of  operation  is  for  the  electric  locomotive  to 
couple  on  in  front  of  the  steam  locomotive  as  shown  in  Fig.  3,  and 
pull  the  train,  locomotive  and  all  through  the  tunnel.  Meantime  the 
fires  of  the  steam  locomotive  are  left  undisturbed  so  as  to  avoid 
filling  the  tunnel  with  smoke  and  gases.  The  success  of  this  method 
is  daily  demonstrated,  for  it  is  usually  possible  to  see  out  from  the 
central  shaft,  a  distance  of  2.37  miles. 
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Overhead  single  catenary  construction  for  1 1  ooo  volts  single 
phase  was  chosen  as  the  system  best  adapted  for  this  electrification, 
and  the  equipment  is  in  many  respects  similar  to  that  of  the  New? 
York,  New  Haven  and  Hartford  Railroad  between  Woodlawn, 
N.  Y.,  and  Stamford,  Conn. 

POWER    HOUSE 

The  power  house  has  been  built  at  Zylonite,  about  2.5  miles 
south  of  the  west  portal  of  the  tunnel.  It  is  located  near  the  old 
power  house  of  the  Berkshire  Street  Railway  and  uses  a  pond  back 


3 ELECTRIC    LOCOMOTIVE     DRAWING     STEAM     LOCOMOTIVE     AND     TRAIN 

OUT   OF   TUNNEL 

of  this  station  to  supply  cooling  water  for  the  condensers.  From 
this  location  it  will  be  possible  to  supply  power  to  the  street  railway 
system  without  additional  transmission  lines  if  it  is  decided  to 
abandon  the  old  power  house,  and  the  station  can  be  used  entirely 
for  this  purpose  if  a  hydro-electric  plant  is  later  built  on  the  east 
side  of  the  tunnel  to  supply  the  railroad.  Water  for  the  boilers  is 
furnished  by  ten  artesian  wells  100  feet  deep,  and  the  coal  is  brought 
in  from  a  switch  on  the  Boston  &  Albany  Railroad. 

The  building  is  of  brick  on  a  concrete  foundation  100  by  200 
feet  and  is  about  80  feet  high.    The  basement  floor  is  on  a  level  with 
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the  ground,  and  is  divided  into  three  sections.  The  section  at  the 
east  end  or  boiler  room  basement  contains  the  Worthington  duplex 
boiler  feed  pumps,  the  forced  draft  apparatus  consisting  of  two 
steam  turbines  driving  Sturtevant  blowers,  and  the  ash  hoppers  and 
ash  cars.  The  middle  section,  or  engine  room  basement,  contains 
two  Westinghouse-LeBlanc  jet  condensers,  a  service  pump,  the  oil 
filter  and  gravity  oil  system,  a  battery  room  containing  a  120  am- 
pere-hour storage  battery,  transformers  for  supplying  the  lighting 
system  and  power  for  the  station  apparatus,  and  a  machine  shop. 
The  section  at  the  west  end  contains  the  switch  house.     Here 


FIG.    4 — POWER    HOUSE — RE.\R   VIEW 

Showing  construction  of  transmission  lines. 


are  located  the  two  60  000  volt  oil  circuit  breakers,  with 
heavy  grid  resistance  and  impedance  coils  to  prevent  excessive 
current  during  a  short-circuit.  The  grid  resistance  is  in  shunt 
with  automatically  operated  oil  switches,  so  connected  as  to  cut 
the  resistance  in  series  with  the  line  load  when  a  short-circuit  oc- 
curs. The  resistance  is  of  such  a  value  as  to  limit  the  current  on  a 
dead  ground  to  600  amperes  \vhich  the  main  circuit  breaker  then 
interupts,  thus  completely  opening  the  short-ciruit. 

On  the  second  floor  is  the  boiler  room,  which  extends  to  the 
roof,  and  contains  four  500  horse-power  water  tube  boilers,  equipped 
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with  underfeed  stokers,  the  stokers  being  operated  by  a  chain  belt 
from  the  forced  draft  apparatus.  Each  boiler  is  suppHed  with  a 
superheater  which  superheats  the  steam  lOO  degrees  F.  The  other 
boiler  room  equipment  includes  a  Sturtevant  staggered  tube  econ- 
omizer, two  1 2-foot  induced  draft  fans,  a  feed  water  heater,  a  feed 
water  weigher,  two  traveling  combined  hoppers  and  weighers  for 
coal,  and  a  service  water  tank  which  supplies  gland  water  to  the 
turbines,  the  jacket  water  for  the  compressor  and  water  for  the 
wash  rooms.  Space  has  been  left  in  the  boiler  room  for  four 
additional  boilers  with  their  necessary  equipment. 

The  coal  is  unloaded  from  hopper  cars  into  a  receiving  bin 
under  a  trestle.  From  this  it  is  raised  75  feet  to  the  roof  by  a  bucket 
conveyor,  shown  in  Fig.  4,  of  40  tons  per  hour  capacity.     Here  it 


FIG.  5- 
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passes  through  a  crusher  to  a  75  ton  storage  bin.  Both  the 
conveyor  and  crusher  are  operated  by  20  horse-power  induc- 
tion motors. 

As  mentioned  above,  there  is  a  pond  near  the  station  fron^ 
which  cooling  water  is  taken  for  the  condensers.  In  order  to 
keep  down  the  temperature  of  this  pond  a  spray  cooling  system 
has  been  installed.  This  consists  of  two  sprays  or  pipe  lines  about 
three  hundred  feet  long  mounted  above  the  pond.  Fig  5,  from 
which  the  water  is  pumped  through  no  spray  nozzles.  The  water 
is  pumped  through  the  spray  system  by  a  centrifugal  pump  driven 
by  a  100  horse-power  induction  motor.  There  is  also  an  engine 
driven  pump  for  use  in  emergency.  The  cooling  water  for  the 
condensers  is  drawn  in  from  the  upper  end  of  the  pond,  and  dis- 
charged through  a  long  flume  leading  to  the  lower  end.    The  pumps 
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supplying  the  sprays  draw  water  from  the  discharge  of  the  con- 
densers and  what  is  not  used  in  the  sprays  goes  out  through  the 
flume. 

Like  the  boiler  room,  the  engine  room  extends  to  the  roof. 
In  contains  two  main  units,  each  consisting  of  an  11  000  volt,  three- 
phase,  3750  k.v.a.  (single-phase  rating)  generator  coupled  to  a 
double-flow  steam  turbine.  The  auxiliaries  consist  of  a  100  kw 
steam  turbine  exciter  unit,  a  100  kw  motor-driven  exciter,  a  small 
motor-generator  set  for  charging  the  storage  battery,  an  air  com- 
pressor and  a  30-ton  hand  operated  crane. 

One  end  of  the  power  house  is  given  over  to  the  switchboard 
alcove  and  the  rooms  containing  the  remote  control  switching  ap- 
paratus, the  lightning  arresters  and  the  chief  engineer's  office.  The 
switch  board  is  set  at  a  slight  elevation  above  the  engine  room 
floor.  It  is  a  dull  finish  slate  board  with  eleven  panels.  All 
II  000  volt  circuits  are  controlled  by  oil  switches  operated  from  the 
board  by  remote  control.  The  generator  voltage  is  regulated  by 
two  Tirrill  voltage  regulators. 

A  diagram  of  the  electrical  layout  is  shown  in  Fig.  6.  One 
phase  of  the  generator  supplies  the  trolley  load,  one  phase  the  power 
load  and  one  phase  goes  to  ground.  The  Berkshire  Street  Railway, 
however,  is  supplied  by  an  ordinary  three-phase  transmission  line. 
For  the  railway  locomotive  system  there  are  a  set  of  three-phase 
station  bus-bars  and  four  separate  feeder  bus-bars  which  receive 
power  through  oil  circuit  breakers  from  the  main  bus-bars.  The 
"trolley"  bar  of  the  feeder  bus-bars  furnishes  power  for  the  electric 
locomotive  load  and  the  "control"  bar  furnishes  power  to  operate 
ihe  circuit  breakers  which  control  the  various  sections  of  the  track 
at  the  west  portal  and  at  the  repair  shop.  The  "trolley"  anri 
"power"  lines  are  protected  by  an  electrolytic  lightning  ar- 
rester, and  the  "control"  line  by  a  low  equivalent  light- 
ning arrester.  The  "power"  phase  of  the  feeder  bus-bar  also 
furnishes  powxr  to  a  feeder  for  the  hand-control  operation  of 
the  circuit  breakers  at  the  switch  houses.  A  reactance  coil  is  located 
between  the  main  station  bus-bars  and  the  feeder  bus  in  the  "power" 
and  "control"  phase  to  prevent  excessive  current  during  a  short- 
circuit. 

This  may  be  made  clearer  by  assuming  a  short-circuit,  say  a 
flash-over  of  a  pantagraph  insulator,  on  one  of  the  locomotives 
somewhere  on  the  line.     The   rush  of  current  through  the  series 
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transformer  in  the  switch  house  operates  relays  which  make  the 
connections  between  the  "control"  wire  and  the  mechanism  oper- 
ating the  section  breaker  in  the  switch  house  which  controls  that 
particular  section.  The  section  breaker  does  not  open,  however, 
as  the  control  wire  is  not  yet  energized.  The  rush  of  current  then 
operates  an  overload  relay  at  the  power-house  which  opens  the 
switches  in  succession  cutting  a  heavy  resistance  in  series 
with  the  trolley  phase.  At  the  same  time  the  overload  relay  has  oper- 
ated a  switch  which  energizes  the  control  wire  and  thus,  as  the 
proper  connections  have  already  been  made  at  the  switch  house,  as 
mentioned  above,  the  proper  circuit  breakers  open  to  cut  off  current 
from  this  section.  If  for  any  reason  these  circuit  breakers  at  the 
switch  house  do  not  open  the  circuit  at  the  end  of  a  given  interval 
the  switches  at  the  power  house  will  open,  removing  all  power 
from  the  trolley  phase. 

TRANSMISSION  LINE 

The  current  is  transmitted  at  11  000  volts  from  the  power  house 
to  the  switch  house  at  the  west  portal  over  a  double  circuit  trans- 
mission line  2.42  miles  in  length.  The  corner  towers,  Figs.  4  and  7, 
are  formed  of  four  uprights  made  of  angle-iron  strengthened  by 
angle-iron  cross  pieces  and  diagonal  braces.  These  uprights  sup- 
port at  their  top  an  angle-iron  frame  work  on  which  are  mounted 
the  porcelain  insulators  that  support  the  wires.  The  uprights  are 
set  in  concrete  foundation  piers.  The  towers  along  the  straight 
part  of  the  line  are  formed  of  two  eight  inch  channels  connected 
together  by  angle-iron  braces  and  diagonals  and  tied  together  by  a 
cross  piece  at  the  top.  These  towers  carry  two  angle-iron  cross- 
arms  and  are  supported  on  two  concrete  foundation  piers  set  at 
right  angles  to  the  direction  of  the  line.  They  are  spaced  about  300 
feet  apart  on  the  level. 

The  transmission  line  consists  of  five  stranded  copper  cables, 
two  of  which  carry  current  for  the  trolley  or  locomotive  load  and 
are  suspended  from  the  cross  arms  at  one  side  of  the  tower,  while 
the  power  and  control  wires  are  suspended  in  a  similar  manner 
from  the  other  side.  The  cross  tie  at  the  top  of  the  tower  carries 
an  insulator  to  support  the  ground  wire  which  also  serves  as  a 
guard  wire  protecting  the  transmission  line  against  lightning.  The 
line  terminates  at  the  switch  house  at  the  west  portal  which  controls 
the  entire  system.  The  switch  houses  at  the  east  portal  and  at 
the  repair  sho])  are  not  connected  to  the  transmission  line,  but  are 
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fed  through  the  trolley  wires  of  one  or  both  main  tracks.  There- 
fore, as  long  as  current  is  on  either  one  of  the  main  track  trolley 
wires  the  remainder  of  the  system  can  be  operated. 

The  same  towers  which  carry  the  transmission  line  also  carry 
two  telephone  wires  supported  on  one  of  the  cross  braces  between 
the  channels  about  ten  feet  below  the  high-tension  wires.  Noise 
due  to  inductance  on  the  telephone  line  is  prevented  by  frequent 
transposition  of  the  wires,  the  two  wires  being  turned  through  90 
degrees  between  each  tower.  The  effect  of  inductance  is  further 
reduced  by  one-to-one  transformers  put  in  series  with  the  line, 
one   wire   being   led   through    the   primary   and   the   other   through 
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the  secondary.  The  static  charge  is  taken  oft"  through  impedance 
coils  connecting  the  two  telephone  wires,  the  center  point  of  the 
coils  being  grounded. 


OVERHEAD  CONSTRUCTION 


Outside  the  tunnel  two  different  systems  have  been  used  to 
support  the  overhead  line.  For  two  and  three  track  sections  on 
the  main  line  the  supporting  bridges  are  built-up  trusses  of  the 
type  shown  in  Fig.  7,  formed  of  seven  and  eight  inch  channel  top 
and  bottom  chords  with  light  angle  posts  and  double  diagonal  rod 
braces  in  each  panel.  These  bridges  are  supported  at  each  end  by 
A-frame  towers  formed  of  two  eight  inch  channels  braced  with 
light  angles,  the  plane  of  these  towers  being  parallel  to  the  center 
line  of  the  tracks. 
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In  the  yards,  where  more  than  three  tracks  are  equipped 
with  overhead  wires,  instead  of  the  steel  bridges,  cross  catenary 
span  wires  are  suspended  from  the  apex  of  A-frame  steel  towers 
built  of  eight  inch  channels,  with  their  sides  in  a  plane  at  right 
angles  to  the  track,  Fig.  8.  The  messenger  cable  insulators  are 
suspended  from  these  stranded  steel  cross  catenary  cables  by  strand- 
ed steel  wires  of  suitable  length.  Each  tower  is  grounded  by  a 
cable  clamped  to  the  apexes  of  the  towers.  The  anchor  bridges 
are  box  trusses  supported  on  heavy  A-frame  towers  with  latticed 
sides  stiffened  with  double  diagonal  braces. 

The  overhead  trollev  system  is  sectionalized  into  twelve  units 
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consisting  of  two  tracks  in  the  east  portal  yards ;  east  bound  main 
track  and  west  bound  main  track  of  the  east  portal;  east  bound 
and  west  bound  tracks  of  the  tunnel ;  west  bound  main  track  from 
the  west  portal  to  the  west  end  of  the  Xorth  Adams  yard ;  a  sec- 
tion of  the  east  bound  main  track  and  a  cross-over  opposite  the  west 
portal  switch  house ;  two  sections  of  the  long  siding  between  the 
North  Adams  yard  and  the  west  portal  switch  house;  the  shop 
yard ;  four  tracks  in  the  North  Adams  yard,  and  the  east  bound 
main  track  from  the  west  end  of  the  North  Adams  yard  to  the 
west  portal  switch  house. 

An  interesting  point  in  the  overhead  construction  is  the  cross- 
ing of  the  double  track  1 1  000  volt  alternating-current  railway 
trolley  and  the  single  track  600  volt  direct-current  trolley  lines  of 
the  Berkshire  Street  Railway,  just  west  of  North  Adams  station. 
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A  view  of  this  crossing  is  given  in  Fig.  9.  The  600  volt  trolley 
is  sectionalized  with  wooden  section  insulators  eight  feet  long  on 
each  side  of  the  crossing,  and  is  carried  over  the  crossing  under  an 
inverted  five  inch  channel  which  is  supported  by  stranded  steel 
cable  span  wires.  This  channel  iron  is  on  the  same  plane  as  the 
II  000  volt  alternating-current  trolley  wires  but  is  insulated  from 
them  by  similar  eight  foot  section  insulators.  The  direct-current 
trolley  wire  in  this  crossing  section  normally  carries  no  current. 
On   the  north   side   of   the  crossing  a    feeder   is   connected   to   the 


II  000   volts    alternating   current    and    600    volt    direct-current    trolley 
wires  crossing  at  same  level. 


600  volt  trolley  wire  and  carried  to  a  switch  on  top  of  a  wooden 
pole.  When  this  switch  is  closed  by  pushing  up  on  a  rod,  600  volt 
direct-current  is  fed  to  the  crossing  channel  and  trolley  wire  so  as 
to  permit  a  street  car  to  pass  over  the  crossing  with  current  on. 
When  the  rod  is  released  the  switch  opens  by  gravity,  and  by 
making  another  contact,  grounds  the  channel  iron  and  the  direct- 
current  section  of  the  trolley.  The  section  insulators  in  the  600 
volt  trolley  are  grounded  at  the  center  of  their  length  so  that  the 
II  000  volt  current  can  not  leak  past  them  in  case  of  breakdown  of 
any  of  the  1 1  000  volt  section  insulators. 
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The  messenber  cable  outside  the  tunnel  consists  of  a  five-eighth 
inch  stranded  steel  cable  which  supports  a  No.  0000  grooved  copper 
conductor  by  rigid  hangers  of  varying  lengths  at  intervals  of  ten 
feet.  The  contact  wire,  which  is  No.  0000  grooved  Phono-electric, 
is  carried  1.75  inch  below  the  copper  conductor  by  double  clips  at- 
tached in  the  center  of  the  ten  foot  spans  between  the  hangers. 
On  curves  the  conductor  and  contact  wires  are  both  suspended  from 
the  messenger  by  inclined  hangers  having  double  clamps. 

Inside  the  tunnel  on  account  of  the  small  clearance  and  the 
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great  amount  of  moisture  present,  the  erection  of  an  11  000  volt 
trolley  presented  quite  a  problem.  The  supports  are  100  feet  apart 
and  consist  of  U-shaped  brackets  parallel  to  the  track,  held  in  place 
by  1.25  inch  wrought  iron  bolts  extending  18  inches  into  the  rock  or 
brick  arch.  These  bolts  were  split  at  the  upper  end  and  hammered 
home  on  a  wedge,  but  prior  to  setting  the  bolts,  the  holes  were  filled 
with  cement,  and  the  cement  rather  than  the  wedges  being  relied  upon 
to  hold  the  bolts  in  place.  Two  U-pieces  support  a  bracket  of  the 
type  shown  in  Fig.  10,  by  means  of  two  150000  volt  triple  petticoat 
porcelain   insulators  and  these   brackets,   which   extend  across   the 
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track,  in  turn  support  the  messenger  cable  through  150000  volt 
insulators.  As  these  primary  and  secondary  insulators  are  in 
series,  the  combined  dielectric  strength  is  300  000  volts. 

Owing  to  the  limited  clearance  in  the  tunnel  the  two  contact 
wires  are  lowered  to  15  feet  6  inches  above  the  rails.  For  the  same 
reason  the  messenger  cables  are  supported  14  inches  inside  the  cen- 
ter line  of  the  track.  This  gives  a  minimum  clearance  of  12  inches 
between  the  messenger  and  the  roof  of  the  tunnel.  In  order  to  pro- 
vide maximum  conductivity  a  five-eighth  inch  stranded  copper  wire 
cable  is  used  for  a  messenger.  The  twin  contact  wire  hangers  are 
designed  to  allow  some  vertical  movement  of  the  trolley  wires.  All 
parts  of  the  tunnel  hangers  are  made  of  bronze. 

DIFFICULTIES    OF    THE    WORK 

The  difficulties  encountered  in  erecting  the  overhead  construc- 
tion in  the  tunnel  without  seriously  interfering  with  the  traffic  must 
have  been  seen  to  be  appreciated.  The  fact  that  it  has  heretofore 
been  costing  about  two  dollars  to  replace  a  tie  owing  to  the  fact 
that  often  the  men  could  work  only  a  couple  of  hours  in  the 
whole  day,  and  that  it  was  a  common  occurrence  to  have  men 
brought  out  unconscious,  owing  to  the  bad  air,  may  indicate  some- 
thing regarding  the  conditions  in  the  tunnel. , 

To  reduce  the  amount  of  smoke  and  handle  the  heavy  freight 
trains  during  the  work  of  construction,  the  railroad  company  pur- 
chased four  large  Mallet  compound  oil  burning  engines.  The  erec- 
tion work  was  done  by  men  on  two  specially  constructed  work  trains 
each  consisting  of  an  oil  burning  locomotive,  two  locomotive  tenders, 
a  box  car  containing  blacksmith's  forges  and  anvils,  an  air  com- 
pressor car,  thirteen  platform  cars  on  which  were  built  working 
platforms  eleven  feet  above  the  rails,  a  coach  fitted  up  as  a  dining 
car  and  a  freight  caboose.  The  trains  were  piped  for  compressed 
air  supply  and  thoroughly  lighted  by  electricity.  On  the  floor  of 
every  third  platform  car  a  wooden  air  lock  was  built  into  which  the 
men  could  retreat  during  and  after  the  passage  of  a  train.  An  air 
valve  was  provided  inside  these  locks  which,  when  partially  opened, 
created  sufficient  pressure  to  keep  out  the  smoke  and  gases,  and 
provided  fresh  air  for  the  men  in  the  lock. 

The  construction  work  in  the  tunnel  included  the  drilling  of 
I  000  holes,  2.5  inches  in  diameter  and  18  inches  deep,  in  the  roof 
of  the  tunnel  for  the  catenary  hangers;  i  500  holes  1.75  inches  in 
4Jameter  ^nd  six  inches  deep  in  the  side  walls  for  telephone  and 
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signal  cable  hangers ;  the  drilling  and  blasting  down  of  the  rock 
roof  of  the  tunnel  in  many  places  to  obtain  the  necessary  clearance, 
and  erecting  the  messenger  and  trolley  wires. 

In  order  to  make  the  working  conditions  as  good  as  possible 
the  large  fan  at  the  top  of  the  central  shaft  was  run  continuously, 
and  the  two  work  trains  were  kept  on  opposite  sides  of  the  shaft 
with  their  locomotives  coupled  to  the  end  nearest  the  shaft  so  that 
the  men  would  not  be  bothered  bv  the  smoke  of  either  locomotive. 


FIG.     II — ELECTRIC    PASSENGER    LOCOMOTIVE 


ELECTRIC    LOCOMOTIVES 

The  electric  locomotives  were  built  in  the  Baldwin  and  West- 
inghouse  shops.  Three  of  the  locomotives  are  intended  primarily  for 
freight  service,  and  have  a  maximum  tractive  effort  of  67  000  pounds 
and  a  maximum  speed  of  30  miles  an  hour.  The  others  are  intended 
for  combination  passenger  and  light  freight  service,  and  have  a 
maximum  tractive  effort  of  40000  pounds,  with  a  maximum 
speed  of  50  miles  an  hour.  These  locomotives  are  identical  with  the 
exception  of  the  gear  ratio,  and  by  changing  the  gears  and  pinions 
it  would  be  possible  to  change  a  passenger  locomotive  over  to  a 
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freight  or  a  freight  over  to  a  passenger.  Each  locomotive  weighs 
130  tons,  96  tons  of  which  are  on  the  drivers,  and  is  48  feet  long 
between  couplers,  the  total  wheel  base  being  38  feet  6  inches. 

The  locomotives  have  two  articulated  trucks,  each  truck  con- 
sisting of  two  pairs  of  63  inch  drivers  with  seven  foot  rigid  wheel 
base,  and  a  pair  of  radial  pony  wheels  42  inches  in  diameter.  The 
trucks  are  of  very  heavy  and  substantial  construction.  They  carry 
the  draft  rigging  and  are  connected  together  by  a  heavy  draw-bar. 
The  cab  is  supported  by  four  spring  loaded  friction  plates  on  each 
truck.  One  truck  center  pin  is  arranged  with  longitudinal  play  rela- 
tive to  the  cab,  thus  relieving  the  cab  of  pulling  and  bumping 
stresses.  The  power  is  supplied  by  four  375  horse-power  single- 
phase  motors  mounted  directly  over  the  driver  axles  and  bolted 
fast  to  the  frame,  thus  being  entirely  spring  borne.  The  power  is 
transmitted  from  the  motor  by  two  flexible  gears  which  divide  the 
load  equally  and  prevent  shocks  on  the  gear  teeth  and  also  give 
the  motors  a  chance  to  start  under  heavy  load.  These  gears  drive 
a  quill  surrounding  the  driver  axle  with  1.5  inch  clearance,  and  run 
in  bearings  in  the  motor  frame.  The  quill  is  in  turn  connected  to 
the  wheels  by  a  system  of  long  helical  springs  which  allow  the  wheel 
to  follow  any  inequalities  in  the  track  without  affecting  the  motor. 
Owing  to  the  short  rigid  wheel  base  with  the  radial  lead  trucks, 
the  light  dead  weight  per  axle,  the  concentration  of  weight  near  the 
mid  length  of  the  locomotive,  and  the  high  center  of  gravity,  these 
locomotives  ride  very  smoothly  and  are  exceptionally  easy  on  the 
track. 

The  electrical  equipment  consists  of : — 

Four  375  horse-power  single-phase  motors. 

One   air-blast   auto-transformer. 

Two  II  000  volt  pneumatically  operated  pantagraph  trolleys. 

One  II  000  volt  oil  circuit  breaker. 

Three  preventive  coils. 

Four  groups  of  pneumatically  operated  unit  switches. 

Two  10  horse-power  single-phase  motors  for  driving  the  compressors. 

One  pilot  governor  operating  a  compressor  switch. 

Two  7.5  horse-power  blower  motors. 

Two  20  volt  storage  batteries  for  operating  the  magnet  valves. 

One  motor-generator  set  for  charging  the  batteries. 

One  speed  limit  relay. 

Two  master  controllers. 

Two  temperature  indicators  for  showing  the  temperature  of  the  main 
motors. 

The  necessary  control  circuits,  receptacles    and    jumpers    for    multiple 

unit  operation. 
With  the  exception  of  the  main  motors  and  storage  batteries 
which  are  mounted  on  the  trucks  and  the  pantagraphs  on  the  roof, 
this  apparatus  is  all  mounted  inside  of  the  cab,  and  is  so  arranged 
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as  to  be  visible  and  easily  accessible.  The  motors  are  of  the  series 
commutator  type  with  short-circuited  auxiliary  field  windings. 
Twelve  taps  giving  different  voltages  are  brought  out  from  the 
auto-transformer  for  acceleration  and  speed  control  of  the  main 
motors.  The  overload  tripping  mechanism  of  the  oil  circuit-breaker 
operates  in  conjunction  with  a  dash-pot  which  prevents  the  cir- 
cuit breaker  from  opening  as  a  result  of  momentary  surges  in  the 
high-tension  line.  The  circuit-breaker  is  closed  by  an  air  cylinder 
and  opened  by  a  spring  and  the  weight  of  the  moving  parts  when  the 
control  circuit  to  the  magnet  valve  is  broken.  This  circuit  is  con- 
nected through  a  removable  contact  plug  in  the  master  controller  and 
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FIG.    12 — SHEMATIC    WIRING    DIAGR2\M    OF   LOCOMOTIVE 

a  contact  disc  on  the  overload  trip  plunger.  The  plunger  latches 
open  when  operated  by  an  overload  and  can  be  released  only  by 
pressing  the  reset  button  on  the  master  controller  with  the  controller 
handle  in  the  off  position. 

Each  of  the  unit  switches  in  the  switch  groups  is  provided 
with  a  magnetic  blow-out,  and  is  operated  by  air  through  a  magnet 
valve  and  an  air  cylinder.  The  main  circuit  connections  and  the 
order  in  which  the  switches  are  closed  for  acceleration  are  shown 
in  Fig.  12.  The  main  motors  are  all  connected  in  parallel,  and  any 
motor  may  be  cut  out  by  opening  a  battery  switch  in  the  control  cir- 
circuit  to  its  switches,  without  affecting  the  other  motors. 
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An  overspeed  relay  is  provided  which  will  automatically  dis- 
connect the  power  lines  from  the  motors  at  a  predetermined  maxi- 
mum speed.  This  will  prevent  the  locomotives  from  being  accel- 
erated to  a  speed  that  will  damage  the  motor  armatures,  but  does 
not  prevent  their  attaining  excessive  speed  on  a  down  grade.  The 
relay  consists  of  two  coils  the  cores  of  which  are  balanced  by  a  rocker 
arm  and  carry  a  contact  disc.  One  coil  is  energized  through  a 
series  transformer  by  the  current  in  a  motor  lead,  and  the  other  by 
the  voltage  across  the  motor  armature.  The  relay  disc  is  normally 
held  away  from  its  contacts  by  the  unbalanced  weight  on  the  rocker 
arm,  but  when  the  motor  is  running  at  such  speed  that  the  coil  ener- 
gized by  the  voltage  across  the  armature  overbalances  the  coil  ener- 
gized by  the  decreased  current  passing  through  the  motor,  the  relay 
disc  lifts  and  makes  a  contact  which,  through  an  auxiliary  relay, 
opens  the  control  circuit  to  the  main  motor  switches. 

A  very  complete  shop  for  the  maintenance  of  the  electrical 
equipment  has  been  built  at  North  Adams.  This  contains  drop  pits 
with  hydraulic  jacks,  well  lighted  inspection  pits,  a  15-ton  electric 
crane  and  machine  tools  for  doing  any  ordinary  repair  work. 


RECENT  DEVELOPMENTS  IN  SIGNALING  FOR 
ELECTRIC   RAILWAYS 

HAROLD  McCREADY,  Asst.  Electrical  Engineer  and  C.  O.  HARRINGTON,    Engineer  of  Materials 
Union  Switch  &  Signal  Co. 

IT  is  only  within  the  present  year  that  the  rapid  growth  of  inter- 
urban  electric  lines  in  all  sections  of  the  country  has  been  met 
by  active  developments  in  signaling  suitable  for  the  require- 
ments of  this  particular  character  of  traffic.  While  the  .require- 
ments are  essentially  those  encountered  on  steam  railroads,  yet  the 
net  earnings  per  mile  of  the  interurban  lines  have  been  so  low  that 
usually  those  responsible  for  their  management  have  considered  the 
standard  signal  systems  of  steam  roads  as  too  expensive  and  have 
placed  dependence  on  a  despatcher  or  on  some  simple  system  of 
hand-controlled  signals.  Successive  increases  in  the  density  of  traf- 
fic, weight  of  equipment  and  the  speed  of  trains  have  rendered  these 
simple  systems  inadequate,  and  it  is  the  purpose  of  this  paper  to  de- 
scribe briefly  the  advances  made  in  electric  railway  signaling  through 
the  application  of  telephone  train  despatching,  trolley  contact  sig- 
nals, and  automatic  block  signals  and  train  stops  controlled  by  the 
continuous  track  circuit.  The  subject  is  treated  principally  from 
the  single  track  point  of  view,  as  most  interurban  roads  are  equipped 
for  single  track  operation. 

TELEPHONE    TRAIN    DESPATCHING 

^lodihcations  of  the  simple  despatching  system  have  re- 
cently been  devised  wherein  semaphore  signals  under  the  di- 
rect control  of  the  despatcher,  are  placed  at  meeting  or  other 
important  points  along  the  road.  The  signal  stands  normally  in 
the  clear  position  and  is  thrown  to  danger  at  the  will  of  the  des- 
patcher by  a  selective  relay  which  responds  only  to  a  certain  pre- 
determined series  of  impulses ;  the  selective  relays,  one  at  each 
signal  location,  are  connected  in  multiple  on  the  line,  each  relay 
responding  only  to  its  own  peculiar  number  and  combination  of 
impulses,  as  sent  out  by  the  automatic  calling-key  in  the  despatcher's 
office.  Movement  of  the  semaphore  blade  to  the  stop  position 
causes  an  "answer  back"  signal  to  be  returned  to  the  despatcher, 
who  then  waits  for  the  crew  of  the  train  so  signaled  to  "call  in." 
Thus,  the  despatcher  can  get  in  personal  touch  with  the  motorman 
with  little  delay.  The  system  requires  only  two  wires,  but  if  either 
of  them  should  break,  the  despatcher  would  lose  control  over  all 
or  part  of  the  signal  system.     Such  a  system  is  not  automatic  nor 
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does  it  afford  constant  protection ;  it  merely  facilitates  communica- 
tion betweent  hhe  motorman  and  despatcher,  made  more  necessary 
by  the  absence  of  a  signaling  system.  It  is  comparatively  cheap, 
and,  within  its  limitations,  is  highly  useful. 

TROLLEY  CONTACT  SIGNALS 

Much  intelligent  endeavor  and  experiment  have  been  di- 
rected towards  perfecting  a  system  of  signals  operated  by  a  trol- 
ley contact,  that  is  to  say  a  system  in  which  signals,  usually  a 
combination  of  colored  discs  and  lights,  are  controlled  by  a  contact 
operated  by  the  passage  of  the  trolley  wheel.  Signals  are  placed 
at  the  entering  and  leaving  ends  of  the  block  to  be  protected,  and 
the  circuit  scheme  is  such  that  when  a  train  passes  a  trolley  contact 
at  the  entering  end  it  automaically  clears  the  signal  at  that  point,  if 
the  block  is  clear,  and  at  the  same  time  throws  the  signal  at  the  op- 
posite or  leaving  end  of  the  block  to  danger  so  as  to  prevent  oppos- 
ing moves.  It  follows,  that  if  a  train  is  already  in  the  block 
and  approaching,  the  signal  at  the  entering  end  will  be  at 
danger  and  therefore  the  train  waiting  at  that  point  will  take  the 
siding  to  allow  the  approaching  train  to  pass.  When  the  latter 
has  left  the  block  the  signal  clears  as  soon  as  the  waiting  train  passes 
the  trolley  contact,  it  being  understood  that  in  case  a  signal  is  at 
danger  the  train  must  not  pass  the  corresponding  trolley  contact. 
If,  by  mistake,  the  trains  passes  the  contact,  a  backup  movement 
must  be  made  until  the  train  is  back  of  the  contact.  Some  of  these 
contact  systems  have  ingenious  permissive  features  by  means 
of  which  following  but  not  opposing  moves  are  allowed ;  in  one  of 
the  best  known  systems  as  many  as  fifteen  cars  may  follow  one 
after  another  into  a  block,  all  at  once,  or  they  may  be  continually 
entering  and  leaving,  and  still  they  will  all  receive  protection.  The 
cars  are  counted  in  or  out  of  the  block  as  they  enter  or  leave  by 
relays  which  operate  a  ratchet  wheel,  the  wheel  being  moved  in  one 
direction  when  a  train  enters  the  block  and  in  the  contrary  direc- 
tion when  a  train  leaves  the  block.  The  ratchet  wheel  operates  a 
revolving  switch  which  controls  the  discs  and  lamps  giving  the  indi- 
cation. While  as  many  as  fifteen  cars  can  follow  each  other  into  the 
block,  all  opposing  moves  are  prevented  until  all  these  cars  have 
cancelled  themselves  out  and  the  revolving  switch  is  in  the  neutral 
position.  The  advantages  claimed  for  the  trolley  contact  system 
are: — simplicity,  the  small  quantity  of  apparatus  required,  small 
first  cost  and  low  maintenance  cost.  Its  disadvantages  are  serious 
and  are  of  such  a  nature  that  they  cannot  be  remedied.     In  the  first 
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place,  the  most  important  piece  of  mechanism  of  the  whole  system, 
the  trolley  contact,  cannot  be  depended  on  with  high  speed  trafific. 
Again,  if  a  two  car  train  or  a  freight  train,  such  as  many  interurban 
roads  operate,  should  break  in  two  (an  accident  which  sometimes 
occurs)  the  motor  end  of  the  train  would  be  counted  out  and  the 
rest  of  the  train  would  be  left  in  the  block  ready  for 
a  collision.  The  system  would  give  no  protection  in  case  a 
rail  were  broken  in  the  block  or  if  a  car  were  within  fouling  dis- 
tance on  a  spur  track.  Again,  if  the  trolley  wheel  left  the  line 
before  reaching  the  trolley  contact  the  motorman  would  pass  the 
signal  at  night  without  knowing  it,  and  enter  the  block  without 
setting  the  signal  at  the  opposite  end  of  the  block  at  danger,  thus 
leaving  himself  open  to  a  full  speed  head-on  collision. 

CONTINUOUS    TRACK    CIRCUITS 

In  the  evolution  of  signaling  for  steam  roads,  contact  devices 
have  been  entirely  discarded  in  favor  of  the  continuous  track  cir- 
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cuit.  Operating  conditions  on  interurban  roads  are  very  similar 
to  those  met  with  on  steam  roads,  for  in  both  instances,  first  class 
trains  have  to  be  run  at  high  speeds  and  on  frequent  schedules. 
It  is  a  fact  worthy  of  note  that  all  important  installations  of  signals 
made  on  interurban  roads  during  the  past  year  have  used  the  con- 
tinuous track  circuit. 

Principle  of  Operation — The  principles  of  the  continuous 
track  circuit  as  adapted  to  roads  using  either  direct-current  or  alter- 
nating-current electric  propulsion  may  be  described  briefly  as  fol- 
lows : — The  road  to  be  signaled  is  first  divided  into  track  sections 
separated  from  each  other  in  a  signaling  sense  by  insulating  joints, 
as  indicated  at  /  Fig.  i,  but  connected  for  the  return  of  the  train 
propulsion  current  by  impedance  bonds  E  which  consist  of  a  few 
turns  of  heavy  strap  copper  wound  around  a  laminated  steel  core. 
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Signaling  mains,  such  as  indicated  in  Fig.  i  which  are  ordinarily 
carried  on  a  pole  line  parallel  to  the  track,  serve  as  a  source  of 
current  for  the  transformers  T.  For  ordinary  conditions  of  inter- 
urban  electric  railway  work,  2  200  volts  seems  to  be  the  most  satis- 
factory potential  for  use  on  the  signaling  mains.  The  propul- 
sion return  current  in  the  rails  A  and  B  passes  in  opposite  directions 
through  halves  C  and  D  of  the  bond  so  that  the  reactance  factor 
in  the  return  circuit  due  to  the  bond  is  zero  even  with  alternating- 
current  propulsion ;  thus  the  bonds  introduce  into  the  return 
circuit  only  the  dead  resistance  of  the  strap  copper  winding, 
amounting  only  to  a  few  thousandths  of  an  ohm.  The  result  of 
this  balanced  condition  is  that  no  magnetic  flux  due  to  the  return 
current  flows  through   the   laminated  core,   which   therefore  has   a 

high  permeability  for 
the  magnetizing  force 
due  to  the  signaling 
current.  Since  the 
halves  C  and  D  of  the 
bond  are  in  series  with 
reference  to  the  poten- 
tial of  the  small  track 
transformer  T,  which 
feeds  current  along  the 
rails  to'  the  track  relay 
R,  the  bond  chokes 
back  the  signaling  cur- 
rent which,  were  there 
no  impedance,  would 
flow  across  from  rail 
and  thence  through 
the  relay  at  R. 

Track  Relay — The  relay  may  be  of  the  single  element  type, 
such  as  that  illustrated  in  Fig.  2,  where  an  aluminum  vane,  operat- 
ing the  relay  contacts,  is  drawn  up  into  a  split  magnetic  field ;  or 
it  may  be  of  the  double  element  type  as  shown  in  Fig.  3  where 
an  armature,  supplied  with  current  directly  from  the  track,  works 
on  the  galvanometer  principle  in  a  field  created  by  two  coils  con- 
nected locally  to  a  secondary  coil  L  of  the  transformer  T  shown  in 
Fig.  I.  The  single  element  relay  is  simple  mechanically  and  is  econ- 
omical of  power  on  short  track  circuits,  but  as  all  the  power  neces- 
sary for  its  operation  has  to  be  transmitted  over  the  rails,  the  loss 
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in  transmission  becomes  considerable  on  track  circuits  over  2  500 
feet  in  length,  at  which  point  the  double  element  relay  becomes  more 
economical  on  account  of  the  fact  that  most  of  its  power  is  supplied 
locally  in  the  field  coils,  the  energy  in  the  armature  or  track  element 
being  very  small.  The  field  coils  are  always  energized.  Referring 
further  to  Fig.  i,  it  will  be  seen  that  when  there  is  no  train  in 
the  block  the  relay  R  will  be  energized,  but  that  when  a  train  en- 
ters the  block  the  wheels  and  axles  will  short-circuit  the  relay  and 
transformer  (impedance  Z  being  inserted  in  the  transformer  sec- 
ondary to  prevent  the  flow  of  an  excessive  short-circuit  current), 
and  thus  power  is  cut  off  entirely  from  the  relay  if  it  has  only  one 
element,  or  off  the  track  element  alone  if  the  relay  has  two  elements ; 

in  either  case  the  relay 
will  be  de-energized 
and  the  moving  mem- 
ber will  open  the  con- 
tacts by  gravity.  The 
same  result  occurs  in 
case  one  of  the  rails 
breaks,  if  a  train  breaks 
in  two  and  part  of  it 
is  left  in  the  block,  or 
if  a  car  projects  off  of 
a  spur  track  within 
fouling  distance  of  the 
main  line.  The  con- 
tacts of  the  relay  will 
open  no  matter  how  fast  the  train  runs.  Thus  the  continuous  track 
circuit  affords  exact  and  complete  information  as  to  the  condition 
of  the  block  at  all  times. 

Where  direct-current  propulsion  is  used  the  single  and  double 
element  relays,  briefly  described  above,  are  of  course  selective  in 
the  sense  that  they  will  operate  only  on  the  alternating  signaling  cur- 
rent and  not  on  the  direct  propulsion  current.  In  those  cases 
where  alternating-current  is  used  for  propulsion,  the  signaling  cur- 
rent used  has  a  higher  frequency  than  the  propulsion  current,  and 
the  track  relay  is  designed  to  operate  only  on  the  higher  frequency. 
The  selective  principle  is  thus  maintained. 


FIG.    3 GALVANOMETER   RELAY 


AUTOMATIC    TRACK    CIRCUIT    SIGNALING 

Automatic  track  circuit  signaling  makes  use  of  the  principles 
of  the  continuous  track  circuit  for  the  control  of  block  signals. 
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The  contacts  of  the  track  relay  are  used  to  control  a  signal  which 
indicates  a  clear  track  when  current  flows  over  the  track  relay  con- 
tacts, and  indicates  danger  when  the  circuit  is  interrupted  by  a 
train  entering  the  block  and  shunting  the  relay.  The  signal  may 
be  either  of  the  semaphore  type  or  it  may  be  a  light  signal.  The 
semaphore  signal,  in  moderately  clear  weather,  can  be  sighted  by  a 
motorman  on  a  high  speed  train  in  plenty  of  time  to  stop  if  the 
signal  is  at  danger  or  to  proceed  without  slowing  down  if  the  signal 
is  at  clear.  On  the  other  hand,  the  light  signal  cannot  under  some 
circumstances  be  seen  at  such  a  great  distance  as  the  semaphore 
and  consequently  the  motorman  may  be  obliged  to  slow  down  in 
some  cases  in  approaching  a  signal,  in  order  that  he  may  be  sure 
of  its  indication  before  proceeding  further.  However,  important 
improvements  have  been  made  in  the  light  signal  during  the  last 
few  months  and  the  use  of  large  powerfully  illuminated  lenses  pro- 
vided with  suitable  hoods  to  prevent  sunlight  reflection,  make  it 
possible  to  distinguish  the  signal  even  in  bright  sunlight,  at  dis- 
tances of  I  500  feet.  A  signal  of  this  type  generally  consists  of  a 
cast  iron  box,  in  the  front  of  which  are  located  two  lenses,  one 
green  to  indicate  proceed  and  the  other  yellow  or  red  to  give  the 
caution  or  stop  indication.  The  lenses  are  of  the  Fresnel  type, 
eight  and  three-eighth  inches  in  diameter,  and  are  each  illuminated 
by  two  25  watt  tungsten  lamps. 

Light  signals  certainly  have  much  to  recommend  them;  they 
are  much  more  simple  and  less  expensive  than  semaphore  signals 
and  have  an  additional  advantage  in  that  there  are  no  exposed 
moving  parts  to  be  interfered  with  by  sleet  or  ice.  In  view  of 
the  advantages  offered  by  the  combination  of  the  light  signal  and 
the  continuous  track  circuit  in  the  way  of  simplicity,  efificiency,  and 
low  first  cost,  the  reasons  for  installing  less  reliable  systems  in- 
volving trolley  contacts,  etc.,  disappear. 

Siding  Protection — The  application  of  the  continuous  track 
circuit,  and  signals  controlled  thereby,  to  siding  protection  and 
curve  protection  is  illustrated  diagrammatically  in  Figs.  4  and  5, 
where  for  the  sake  of  clearness  the  impedance  bonds,  track  trans- 
formers and  relays  have  been  omitted.  The  signals  are  displayed 
on  the  right  hand  side  of  the  track  in  the  direction  over  which 
they  govern,  the  indication  being  in  the  upper  or  lower  left  or  right 
hand  quadrant  as  desired  but  here  shown  in  the  upper  left  hand 
quadrant.  Referring  to  Fig.  4,  the  home  signals  /,  4,  5,  8,  p  and  12 
with  pointed  blades  are  absolute  and  must  neyer  be  passed  in  the 
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danger  position,  except  when  the  train  is  preceded  by  a  flagman 
through  the  block,  as  may  sometimes  be  necessary  in  case  the  signal 
should  get  out  of  order.  Distant  signals  2,  5,  6,  7,  10  and  11  with 
forked  blades  are  permissive  as  they  simply  indicate  whether  the 
home  signal  is  at  clear  or  danger,  which  knowledge  is  of  great 
value  with  high  speed  traffic  in  case  the  home  signal  cannot  be  seen 
because  of  its  location  around  a  curve,  or  because  of  trees,  fog 
or  other  interference.  If  the  distant  signal  were  not  there  the 
train  would  have  to  slow  down  until  the  motorman  could  see  the 
home  signal.  The  distant  signal  and  in  turn  the  home  signal  goes 
to  danger  the  moment  a  train  passes  it,  and  in  this  manner  complete 
rear  end  protection  is  afforded. 

The  dotted  lines  in  Fig.  4  show  the  limits  of  control  of  the 
signals,   or  in   other   words   the   track   circuits   which  govern  their 
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FIGS.    4    AND    5 — SIGNALING    FOR    SINGLE-TRACK    ROAD    WITH    PASSING    SIDINGS, 
AND    ARRANGEMENT    OF    SIGNALS    FOR    CURVE    PROTECTION 

operation.  It  will  be  seen  that  a  train  approaching  siding  C  from 
the  right  passes  signal  11  which  movement  has  no  effect  on  signals 
6  and  8,  as  they  are  controlled  only  to  signal  p ;  a  train  passing 
signal  p  however  will  block  the  opposing  train  at  signal  8  because 
this  signal  (as  well  as  its  distant  signal  6)  goes  to  the  stop  position 
as  soon  as  signal  p  is  passed.  In  the  other  direction  a  train  passing 
signal  6  will  cause  signals  p  and  11  to  assume  the  danger  position. 
Should  trains  pass  signals  6  and  11  simultaneously  the  train  which 
passed  signal  11  would  be  held  at  signal  p  until  the  train  passing 
signal  6  had  made  siding  C;  this  result,  as  may  be  seen,  is  secured 
simply  by  overlapping  the  controls  of  signals  6  and  11,  the  short 
section  between  signals  6  and  8  acting  as  a  preliminary  or  setting 
section  to  prevent  opposing  trains  from  passing  home  signals 
simultaneously.  For  ordinary  meets,  say  from  the  right,  the  first 
train  arriving  takes  the  siding  C,  the  other  train  stopping  at  the  home 
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signal  12  at  the  far  end  of  the  siding  until  the  signal  clears  due  to  the 
first  train  being  within  the  electrically  insulated  section  dd'  of  the 
siding.  As  soon  as  signal  12  clears,  the  second  train  passes  and  the 
first  train  backs  out  of  the  siding,  restoring  the  main  line  track  switch 
to  the  normal  open  position  before  the  train  can  proceed.  The  re- 
quirement that  trains  shall  always  back  out  of  sidings  not  only  pre- 
cludes the  possibility  of  the  hand  operated  track  switches  being  left 
open,  but  allows  of  the  sidings  being  used  for  storage  of  freight 
cars,  for  loading  and  unloading,  etc. 

Curve  Protection — In  many  cases  on  long  tangents,  block 
signals  are  not  necessary,  but  in  all  cases  dangerous  curves  must 
be  protected  against  head-on  collisions.  The  scheme  shown 
in  Fig.  5  afifords  absolute  protection ;  the  curve  is  located 
between  signals  /  and  2  which  are  usually  placed  about 
2  000  feet  from  the  beginning  of  the  curve.  A  preliminary  or 
setting  section  about  i  500  feet  long  extends  from  signal  i 
to  point  s  so  that  two  trains  running  in  opposite  directions  can- 
not each  claim  the  right  of  way  as  a  result  of  their  having  passed 
signals  /  and  2  simultaneously.  The  scheme  of  operation  is  as  fol- 
lows : — a  train  approaching  from  the  right  passes  point  j,  the  be- 
ginning of  the  preliminary  section,  and  immediately  signal  2  goes 
to  danger  so  that  a  train  approaching  from  the  left  will  be  held  at 
signal  2.  The  first  train  continues  past  signal  /  in  the  clear  posi- 
tion, with  the  assurance  that  there  is  no  train  between  signals  i 
and  2.  However,  the  fact  that  signal  /  is  clear  does  not  mean  that 
the  track  is  clear  to  the  next  siding,  and  in  rounding  a  curve  thus 
protected  a  motorman  must  always  have  his  train  under  control 
prepared  to  stop  at  the  opposing  signal  as  a  train  may  be  waiting  at 
that  point. 

The  above  is  a  brief  description  of  the  scheme  of  control  such 
as  installed  on  the  Illinois  Traction  System,  a  large  and  important 
line  operating  460  miles  of  single  track,  where  the  train  operation 
is  typical  of  interurban  roads  with  heavy  traffic  on  fast  schedules, 
On  each  division  the  daily  service  includes  hourly  passenger  trains 
of  one  or  two  cars  in  each  direction  running  alternately  as  locals 
and  limiteds,  two  scheduled  freight  trains  and  an  average  of  four 
express  or  merchandise  trains  in  each  direction.  Over  65  miles  of 
automatic  electric  semaphores  controlled  by  continuous  track  cir- 
cuits are  in  operation  and  have  given  such  satisfactory  results  that 
additional  signaling  is  being  constantly  installed. 

Similar  systems  have  been  installed  recently  by  the  Northwest- 
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ern  Pacific  and  the  Southern  Pacific  railroads  in  Cahfornia,  and  by 
the  Rochester,  Syracuse  &  Eastern,  the  Syracuse,  Lake  Shore 
&  Northern,  and  the  Auburn  &  Northern  Electric  Railroad  in 
New  York  State.  A  contract  has  recently  been  let  by  the  New 
York,  Westchester  &  Boston,  a  new  single-phase  electric  road, 
running  North  and  East  out  of  New  York,  which  employs  the 
II  000  volt,  25  cycle  propulsion  and  a  signaling  system  consisting  of 
automatic  blocks  with  continuous  track  circuits  operating  high  fre- 
quency track  relays  in  much  the  same  manner  as  on  a  similar  sys- 
tem which  has  been  in  successful  operation  on  the  New  York, 
New  Haven  &  Hartford  during  the  past  four  years.  The  sub- 
ways in  New  York,  Philadelphia  and  Boston  and  the  great  Penn- 
sylvania Terminal  in  New  York,  as  well  as  the  West  Jersey  & 
Seashore  R.  R.  and  the  Long  Island  R.  R.  are  all  equipped  with 
outomatic  block  signals  and  continuous  track  circuit  control. 

AUTOMATIC   TRAIN    STOP 

To  prevent  the  disregard  of  danger  signals  by  intent  or  acci- 
dent, the  automatic  train  stop  has  been  used  for  several  years  on 
certain  subway  and  elevated  lines  where  heavy  trains  must  be  run 
at  high  speeds  with  a  minimum  headway.  The  automatic  stop 
works  in  conjunction  with  the  signal  system  so  that  when  a  danger 
signal  is  displayed  and  an  attempt  is  made  to  pass  it,  the  train  stop 
operates  a  valve  in  the  train  air  brake  system  and  opens  the  train 
line,  thus  bringing  the  train  to  an  absolute  stop. 

The  latest  design  of  automatic  stop,  illustrated  in  Fig.  6,  is  of 
rugged  construction  peculiarly  adapted  to  the  heavy  service  imposed 
by  fast  trains.  The  stop  comprises  two  principal  parts,  a 
tripper  arm  mounted  on  the  roadway  near  one  rail  and  a  valve 
underneath  the  car  which  can  be  operated  by  the  tripper  to  set 
the  brakes.  The  tripper  arm  is  mounted  on  a  rocker  shaft 
operated  by  a  solenoid  magnet  or  by  compressed  air,  so 
that  the  arm  may  be  forced  down  again  the  ties.  When 
the  signal  is  clear  and  a  train  approaching,  the  stop  magnet  is 
normally  de-energized  and  the  tripper  arm  then  occupies  the  vertical 
position  illustrated.  At  the  end  of  the  arm  is  pivoted  the  trip  A, 
Fig.  6,  constructed  of  two  butterfly  shaped  pieces  of  pressed  steel 
so  bolted  together  as  to  secure  great  strength  with  the  least  pos- 
sible weight  and  inertia ;  this  trip  is  held  in  position  by  two  opposed 
helical  springs  which  however  give  it  flexibility  and  allow  it  to  be 
easily  deflected  in  either  direction. 
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The  trip  is  shown  standing  in  the  normal  or  stop  position,  the 
dotted  Hnes  showing  the  position  of  the  arm  when  the  stop  magnet 
is  energized;  with  the  trip  standing  in  the  stop  position  its  tip  B 
is  directly  in  line  with  the  anvil  C  in  front  of  the  stop  valve  D 
underneath  the  moving  car ;  the  anvil  C,  or  rather  the  cushion  spring 
E  in  front  of  it,  strikes  the  top  of  the  trip  which  causes  one  wing 
F  to  rise  and  unseat  the  air  valve  D,  thus  setting  the  brakes.  Fig. 
7  shows  the  position  just  as  the  brakes  are  being  applied. 

This  design  of  stop  is  now  in  service  on  the  Pennsylvania 
Tunnel  &  Terminal  installation  in  New  York.  It  has  two  decided 
merits  which  are  lacking  in  earlier  types — the  tripper  itself  is  light 
and  flexible,  offering  the  best  possible  resistance  to  the  stiff  blows 


Tripppr   arm   set  to   stop   train. 
FIG.    6 

AUTOMATIC    TRAIN    STOP 


ipper   arm    applying    brakes. 
FIG.    7 


to  which  it  is  subjected,  and  brake  valve  D  is  so  placed  between  the 
anvils  CC  that  it  can  only  be  operated  by  the  wing  F  of  the  trip, 
any  obstruction  on  the  roadway  being  forced  out  of  place  by  anvil 
C  without  touching  the  valve  D.  Experience  with  earlier  types 
of  stop  not  equipped  with  the  flexible  tripper  has  shown  that  the 
impact  from  fast  trains  was  sufficient  to  break  arms  of  the  heaviest 
construction. 

There  is  some  apprehension  that  in  the  open  country  snow 
and  ice  would  interfere  with  the  operation  of  the  stops  illustrated 
in  Fig.  6,  and  for  such  service  the  construction  may  be  changed 
to  bring  the  stop  and  tripper  above  the  car.  It  is  unnecessary 
to  enlarge  on  this  design,  as  the  principles  involved  are  the  same. 
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To  secure  full  protection  against  a  rear  end  collision  it  is 
necessary  to  prevent  a  following  train  from  entering  a  block  al- 
ready occupied.  The  automatic  stop  as  described  will  apply  the 
brakes  at  the  entrance  to  this  block  but  cannot  prevent  the  train 
from  running  some  hundreds  of  feet  past  the  danger  signal  before 
the  brakes  bring  it  to  a  stop.  It  is  accordingly  necessary  to  provide 
what  is  known  as  an  "overlap"  circuit,  by  means  of  which  a  train 
is  always  protected  in  the  rear  by  two  danger  signals,  one  at  the 
entrance  of  the  block  in  which  the  train  is  running  and  the  other 
at  the  entrance  of  the  first  block  in  the  rear.  Then  a  train  may  safe- 
ly overrun  the  first  danger  signal,  the  brakes  stopping  the  train 
before  the  occupied  block  is  reached. 

Where  automatic  stops  are  used  it  is  necessary  to  provide 
some  means  of  allowing  a  train  to  pass  a  signal  which  is  out  of  order 
and  standing  at  danger;  for  this  purpose  a  key  is  sometimes  pro- 
vided whereby  the  conductor  may  close  the  stop  circuit  after  the 
train  has  come  to  a  stop  and  allow  the  train  to  pass  without  setting 
the  brakes.  To  preserve  the  efficiency  of  the  system  it  is  advisable 
to  keep  a  record  of  all  attempts  made  by  motormen  to  pass  signals 
at  danger;  this  may  be  done  by  sealing  the  stop  valve  or  fitting  it 
with  a  counter  which  records  the  total  number  of  times  that  the 
valve  has  been  opened. 

GENERAL 

A  poor  signal  system  is  worse  than  no  system  at  all,  as  it  may 
give  false  indications  leading  to  a  wreck ;  it  will  also  be  the  cause 
of  numerous  delays  and  a  source  of  constant  expense. 

A  good  block  signal  system  is  not  only  of  value  in  assuring 
the  safety  of  trains  and  passengers,  but  it  is  also  a  profitable  in- 
vestment in  that  it  increases  the  earning  power  of  the  road  by 
making  it  possible  to  operate  heavier  trains  at  smaller  headways, 
beside  saving  delays  at  meeting  points  and  curves.  Passengers  re- 
alize that  a  road  equipped  with  block  signals  is  safer  to  travel  on 
than  a  line  not  so  equipped,  and  will  generally  give  preference  to 
the  signaled  road.  Signaling  is  a  good  advertisement,  a  profitable 
investment  and  a  great  time-saver. 


THE  SPOKANH  AND  INLAND  EMPIRE  RAILROAD 

G.  B.  KIRKER  and  L.  S.  HASKINS 

THE  Spokane  and  Inland  Empire  Railroad,  which  is  one  di- 
vision of  the  Inland  Empire  System  in  Eastern  Washing- 
ton and  Idaho,  is  a  6  600  volt,  single-phase,  25  cycle  road 
and  has  been  in  operation  since  October,  1906.  The  other  divisions 
are  the  Coeur  d'  Alene  &  Spokane  Railroad,  a  58  mile  600  volt 
direct-current  interurban  road,  and  the  Spokane  Traction  Com- 
pany, operating  52  miles  of  city  street  tracks.  The  superintendent 
of  transportation  is  in  charge  of  both  the  Inland  and  Coeur  d'  Alene 
Divisions  and.  both  are  operated  under  standard  steam  railroad 
rules.  The  office  of  the  chief  despatcher  is  located  in  Spokane, 
from  which  all  train  orders  are  issued.  The  regular  despatching 
is  done  by  telegraph,  although  each  train  equipment  includes  a 
telephone  by  which  communication  may  be  had  with  the  chief  de- 
spatcher at  half-mile  intervals  by  means  of  jack-boxes.  One 
roadmaster  has  charge  of  the  right  of  way  of  both  divisions,  and 
one  master  carpenter  has  charge  of  all  bridges  and  buildings. 

TRACK    AND    RIGHT    OF    WAY 

As  may  be  noted  from  the  outline  map  in  Fig.  i,  this  line  is  in 
the  shape  of  an  inverted  "Y"  running  south  from  Spokane  with 
a  junction  point  at  Spring  Valley,  40  miles  distant ;  the  eastern 
branch  running  to  Moscow,  Idaho,  the  west  branch  to  Colfax, 
Washington.  Excepting  the  streets  of  Spokane,  the  right  of  way  is 
the  property  of  the  railroad.  The  track  is  laid  with  70  lb.  rails  of 
standard  gauge,  and  is  ballasted  throughout  with  gravel,  the  total 
length  of  track  being  127.5  miles.  Both  rails  are  bonded  with  con- 
cealed bonds. 

Leaving  the  terminal  building  in  Spokane  the  first  two  and 
one-half  miles  are  double  track,  and  operated  by  600  volt  direct- 
current  power  while  the  balance  of  the  road  is  single  track  and 
operated  by  6  600  volt,  single-phase,  25  cycle  power.  The  territory 
traversed  by  this  railroad  is  of  peculiar  formation  necessitating 
numerous  curves,  grades  and  bridges.  The  longest  tangent  is  a 
little  over  two  miles  in  length,  and  there  are  several  12  degree 
curves.  The  longest  piece  of  level  track  is  one  and  one-half 
miles,  but  this  stretch  contains  four  reverse  curves  of  from  four 
to  eight  degrees.    The  maximum  grade  on  the  main  line  is  two  per- 
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cent  equated  four  one  hundreths  per  degree  of  curvature,  the 
longest  haul  at  two  percent  being  seven  miles.  These  curves  and 
grades  makes  the  operation  and  service  more  severe  on  the  equip- 
ment than  on  other  electric  roads. 

The  bridges  are  constructed  of  wood  and  vary  in  length  from  50 
to  I  000  feet,  the  longest  bridge,  which  is  shown  in  Fig.  2,  being 
135  feet  high  at  the  span.  Quite  a  number  of  the  longer  bridges 
are  built  on  curves.     There  is  one  short  wood-encased  tunnel. 

OVERHEAD  CONSTRUCTION 

On  the  single-phase  section  single  catenary  construction,  sus- 
pended from  mast  arms,  is  used  throughout,  the  messenger  cable 
being  carried  on  petticoat 
insulators.  The  line  con- 
struction and  arrangement 
at  a  siding  is  shown  in 
Fig.  3.  The  trolley  is  000 
grooved  hard  drawn  cop- 
per. After  four  years' 
service  a  piece  of  this  wire 
from  a  point  approximate- 
ly 12  miles  from  Spokane 
showed  a  wear  of  0.004 
inch. 

The  overhead  con- 
struction is  maintained  by 
a  motor  car  crew  consist- 
ing of  one  foreman,  three 
lineman,  one  ground  man, 
one  motorman,  and  one 
brakeman.     These  men  al- 

FIG.    I — OUTLI.N^E    MAP    OF    INLAND    EMPIRE 

so  do  rail  bonding  and  new  lines 

construction  incident  to  new  sidings,  etc. 

ROLLING  STOCK 

The  business  of  the  company  has  been  growing  rapidly,  neces- 
sitating frequent  additions  to  the  rolling  stock.  At  present  there 
are  five  72  ton  freight  locomotives ;  six  52  ton  freight  locomotives  ; 
four  combination  mail,  baggage  and  express  motor  cars,  50  feet 
in  length,  each  weighing  88500  lbs.;  seven  baggage  and  smoking 
pilot  motor  cars,  59  feet  long,  each  weighing  94600  lbs.;  four 
intermediate  passenger  motor  cars,  56  feet  long,  each  weighing 
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92  600  lbs. ;  one  standard  private  car ;  six  trailers  with  observation 
compartments,  60  feet  long,  each  weighing  64  000  lbs. ;  one  motor 
car  similar  to  combination  car  especially  equipped  for  line  main- 
tenance; 204  box  cars;  158  flat  cars;  18  ballast  cars;  ten  stock 
cars;  six  refrigerator  cars;  two  steam  shovels;  one  steam  ditcher 
and  two  steam  switching  locomotives. 

rOWER 

Power  is  developed  in  a  hydro-electric  power  station  located 
on  the  Spokane  River,  nine  miles  from  Spokane.     This  station  is 


FIG.   2 — BIG  ROCK   CREEK  BRIDGE 

This  bridge  is  i  000  feet  long,  135  feet  high,  and  is  built  on  a  curve 
23  miles  south  of  Spokane. 

owned  by  the  Inland  Empire  System  and  furnishes  power  for 
the  Spokane  &  Inland  single-phase  road,  for  two  i  500  kilowatt 
synchronous  motor-generator  sets  that  supply  part  of  the  direct- 
current  demand  of  the  Spokane  Traction  Company  and  the  Coeur 
d'  Alene  road,  and  for  approximately  i  000  k.v.a.  industrial  load. 
Both  of  these  direct-current  lines  operate  for  the  most  part  upon 
power  purchased  from  the  Washington  Power  Company  under  a 
contract  which  has  several  years  yet  to  run,  but  upon  its  expiration 
the  Nine  Mile  plant  will  doubtless  furr^isji  po\yer  for  all  the  roads. 
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As  shown  in  Fig.  4,  the  power  house  is  built  in  the  bed  of 
the  river  as  a  part  of  the  dam,  being  so  located  that  the  former  bed 
of  the  river  forms  the  tail  race.  The  height  of  the  dam  above 
the  tail  race  is  58  feet ;  it  is  67  feet  thick  at  its  base  and  is  225  feet 
long,  exclusive  of  the  power  house,  which  is  no  by  85  feet  long,  and 
rises  87  feet  above  low  water  mark.  The  lake  formed  by  the  dam  is 
over  five  miles  long. 

This  plant  contains  four  duplicate  units  consisting  of  3  000  kw, 
three-phase,  60  cycle,  2  200  volt,  200  r.p.m.  water  wheel  generators 
direct-connected  to  5  000  horse-power  turbine-type  water  wheels ; 
four  three  -  phase 
3000  k.v.a.  step-up 
transformers,  2  200 
volts  delta  to  60  000 
volts  star  with 
grounded  neutral ;  ap- 
propriate switch- 
board,  remote  con- 
trolled oil  switches, 
lightning  arresters 
and  choke  coils.  The 
250  volt  exciters  are 
direct  -  connected  to 
the  water  wheel 
shafts.  A  storage 
battery  and  motor- 
generator  set  has  al- 
so been  installed  to 
furnish  direct  -  cur- 
rent for  control  pur- 
poses, because  of  the 
flunctuations  of  the  exciter  voltage  produced  by  the  Tirrill  regulators. 
A  large  water  rheostat  is  provided  by  means  of  which  full  load 
may  be  placed  on  the  turbines  in  case  the  governors  should  fail  to 
act,  thus  holding  them  down  to  speed. 

Twin  transmission  lines  transmit  the  power  to  Spokane  at 
60  000  volts,  three-phase,  60  cycles. 

During  the  initial  operation  of  the  Spokane  &  Inland  Railroad, 
current  was  purchased  at  60  cycles.  This  necessitated  a  frequency 
changing  station  at  Spokane.  As  the  single-phase  railway  load  is 
pnly  a  small  part  of  the  capacity  of  the  Nine  Mile  station,  and  as  the 


FIG.     3 — MAIN     LINE    AT     MORAN     SIDING 

Showing    present    type    of    catenary    construction 
and  45  000  volt   single-phase   transmission  line. 
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prevailing  distributing  voltage  in  this  territory  is  60  000  volts,  60 
cycles,  and  the  frequency  changing  station  was  already  available,  it 
was  deemed  advisable  in  developing  the  Nine  Mile  station  to  trans- 
mit at  that  frequency  and  voltage  rather  than  at  the  25  cycles 
utlimately  used. 

SUB-STATIONS 

The  frequency  changing  station,  a  view  of  which  is  shown  in 
Fig.  5,  contains  four  units,  each  consisting  of  one  i  000  hp  three- 
phase,  60  cycle,  4  000  volt  wound  secondary  induction  motor,  one 
I  000  kw,  single-phase,  25  cycle,  2  200  volt  generator,  and  one  750 


FIG.    4 — NINE    MILE   POWER    STATION 

Located  on  the  Spokane  river  nine  miles  from  Spokane.     125  miles  of 
the  Inland  Division  are  operated  from  this  plant,  as  well  as  two  i  500  kw 
railway  motor-generator  sets  and  approximately    i  000    k.v.a.    indus- 
trial load. 

kw,  550  volt  direct-current  generator,  all  rigidly  connected  on  a 
common  shaft  and  bedplate ;  two  booster  sets  with  carbon  regulator ; 
one  2  000  ampere-hour  railway  type  storage  battery.  This  battery 
the  boosters,  and  750  kw  direct-current  generators  act  as  a  fly- 
wheel, storing  energy  during  periods  of  light  25  cycle  load,  and  then 
operating  inverted  as  direct-current  motors  to  assist  the  induction 
motors  during  heavy  25  cycle  loads.  This  station  delivers  power 
directly  to  the  alternating-current  trolley  and  to  a  45  000  volt, 
single-phase  transmission  line  carried  on  a  separate  pole  line  parallel 


SPOKANE  AND  INLAND  EMPIRE  RAILROAD      863 

to  the  track  and  feeding  the  various  transformer  sub-stations. 

There  are  ten  transformer  sub-stations,  including  the  one  lo- 
cated within  the  frequency  changing  station.  These  are  situated  on 
the  right  of  way,  approximately  12  miles  apart.  The  line  is  sec- 
tionalized  with  circuit  breakers  situated  near  each  sub-station,  so 
that  each  section  is  fed  from  two  stations,  except  the  southern  end 
of  the  eastern  division.  This  section  is  fed  by  the  trolley  only  from 
Palouse,  Washington,  to  Moscow,  Idaho.  14  miles.  The  trolley 
wire  normally  is  electrically  continuous  from  end  to  end. 


FIG.    5 FRKOUKXCV    CllAXCilXG    STATION 

Motor-generator   sets   in  background   and   booster   and   regulator   sets 
in  foreground. 

The  substations  are  of  brick  and  contain  two  or  three  375  k.v.a. 
single-phase,  25  cycle,  45  000  to  6  600  volt,  oil-insulated  self-cooled 
transformers.  The  45  000  volt  line  feeds  each  station  through  an 
oil  circuit  breaker,  the  transformers  having  disconnecting  switches 
in  both  high  and  low  tension  leads,  while  the  station  is  protected 
by  two  oil  insulated  self-cooled  choke  coils,  disconnecting  switches 
and  low  equivalent  lightning  arresters.  On  the  secondary  side 
the  transformers  are  grounded  permanently  to  the  rail  on  one  po- 
larity. The  other  leads  from  their  disconnecting  switches  feed  the 
station  6  600  volt  bus-bar  through  oil  circuit  breakers.        Feeders 
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through  oil  circuit  breakers  protected  by  air-cooled  choke  coils, 
disconnecting  switches  and  low  equivalent  lightning  arresters,  feed 
to  each  side  of  the  line  circuit  breaker. 

The  station  ticket  agent  acts  also  as  substation  attendant,  using 
the  transformer  room  as  sleeping  quarters.  Each  circuit  is  equipped 
with  a  bell  alarm  to  indicate  the  tripping  of  the  breaker,  and  no  de- 
lays have  been  chargeable  to  open  circuit  breakers  during  the  past 
two  years. 

Early  in  1910  the  Colfax  sub-station  was  submerged,  due  to 


FIG.    6—72    TON    FREIGHT    LOCOMOTIVE 

Photograph  taken  on  test  tracks  at  Wihnerding,   Pa. 

flood  waters  in  that  section.  Some  months  later,  after  cleaning  out 
the  refuse  without  tearing  down  the  transformers,  one  of  the  three 
units  burned  out.  This  is  the  only  substation  transformer  failure 
experienced. 

FREIGHT   EQUIPMENT 

There  are  two  daily  scheduled  freight  trains,  one  to  Moscow, 
the  other  to  Colfax.  Each  makes  the  round  trip  leaving  Spokane 
at  night  and  returning  the  following  day.  There  are  also  one  or 
two  daily  extra  freights  depending  on  the  amount  of  business, 
which  do  local  and  extra  work  between  Spokane  and  Spring  Valley 
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Junction.  The  locomotives  average  20  000  miles  per  month,  the  ton- 
miles  closely  approximating  3  000  000. 

The  y2  ton  locomotives,  Figs.  6  and  7,  are  equipped  with  four 
175  horse-power  geared  motors  with  electro-pneumatic  control. 
Forced  ventilation  is  used  for  the  motors  and  6  600  volt  auto- 
transformers.  These  locomotives  handle  a  315  ton  train  at  approx- 
imately 12  miles  per  hour  on  a  two  percent  grade.  Their  maximum 
speed  is  27  miles  per  hour.      They  are  frequently  double-headed. 

Tlie  -,2  ton  locomo- 
tives are  equipped  with 
four  125  horse-power 
geared  motors  with  elec- 
tro-pneumatic control, 
h^orced  ventilation  is 
used  for  the  motors  but 
tlie  6600  volt  auto- 
transformers  are  oil-in- 
insulated  self  -  cooled. 
When  double-headed,  as 
shown  in  Fig.  8,  these 
locomotives  handle  a 
450  ton  train  at  approxi- 
mately 17  miles  per  hour 
on  a  two  percent  grade. 
their  maximum  speed  is 
30  miles  per  hour.  Dur- 
ing the  past  year  no  mo- 
tors have  failed  in  serv- 
ice on  these  locomotives. 
The  majority  of  sid- 
ings and  transfer  yards 
FIG.  7-TOP  VIEW  OF  FREIGHT  LOCOMOTIVE  SHOW-      ^''^  o"  maximum  gradcs. 

ING  TROLLEY  AXII   PANTAGRAPH  CONSTRUCTION  ^t    tWO    pOlUtS,    FrCCman 

Photograph    taken    on    the    tracks    at    WiK      and     I'alouse.     where     a 
merding,  Pa.  large  amount  of  switch- 

ing is  done,  frequently  lasting  over  an  hour  at  a  time,  the  conditions 
are  particularly  severe,  the  grades  being  two  and  one-half  to  three 
percent  and  the  curves  six  degrees. 

The  southern  end  of  the  Colfax  division  was  recently  rebal- 
lasted,  the  gravel  being  taken  from  the  pit  five  miles  from  Spokane. 
Frequently  during  this  work  all  the  locomotives  were  in  service  and 
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with  two  gravel  trains,  the  local  freight  and  usual  passenger  service 
on  the  Colfax  division  at  the  same  time,  no  difficulties  due  to  low 
trolley  voltage  were  encountered. 

Freight  trains  are  delivered  to  and  taken  from  the  freight  yards 
by  the  electrical  equipment.  These  trains  are  made  up  and  distrib- 
uted by  steam  locomotives,  because  the  Inland  tracks  are  the  only 
ones  in  the  freight  yards  that  are  wired,  and  on  account  of  the 
difficulty  in  using  the  ordinary  direct-current  trolley  pole  over  so 
many  frogs  and  crossings. 

PASSENGER   EQUIPMENT 

All  motor  cars  are  equipped  with  four  lOO  horse-power  geared 
motors  and  electro-pneumatic  control.      No   forced  ventilation   for 


FIG     8 — TWO    52    TON    LOCOMOTIVES    HAULING    FREIGHT    TRAIN    UP    A    TWO 
PERCENT    GRADE 

either  motors  or  transformers  is  employed.  The  cars  are  equipped 
with  pantagraph  trolleys  for  use  when  on  the  alternating-current 
section.  Ordinary  pole  trolleys  are  used  when  operating  on  the 
direct-current  trolley  wires  in  the  city  streets,  and  these  are  insulated 
sufficiently  to  be  made  available  for  emergency  operation  on  the 
alternating-current  section  by  the  use  of  an  oil  switch. 

There  are  22  daily  trains.  Eight  trains  run  between  Spokane 
and  Freeman,  19,  miles,  making  eleven  regular  stops  and  being  sub- 
ject to  15  additional  flag  stops.  These  trains  are  composed  of  a 
single  double-ended  intermediate  motor  car.  Two  trains  run  be- 
tween Spokane  and  Rosalia,  46  miles,  making  15  regular  stops  and 
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being  subject  to  25  additional  flag  stops.  These  trains  are  com- 
posed of  two  motor  cars. 

Six  trains  run  between  Spokane  and  ^loscow,  90.4  miles. 
Of  these  two  are  made  up  of  a  combination  mail  and  express  motor 
car,  a  pilot  motor  car  and  one  trailer.  They  make  20  regular  stops 
and  are  subject  to  24  additional  flag  stops.  The  other  four  of  the 
Moscow  trains  are  made  up  of  a  pilot  motor  car  and  a  trailer.  They 
make  19  regular  stops  and  are  subject  to  20  additional  flag  stops. 
The  remaining  six  trains  run  between  Spokane  and  Colfax, 
yy  miles.  Of  these,  two  are  made  up  of  a  combination  mail 
and  express  motor  car,  a  pilot  motor  car  and  one  trailer.  They  make 
twenty  regular  stops  and  are  subject  to  39  additional  flag  stops.  The 
other  four  are  made  up  of  a  pilot  motor  car  and  trailer.  They  make 
20  regular  stops  and  are  subject  to  21  additional  flag  stops. 

The  schedule  speed  for  all  of  these  runs  is  30  miles  per  hour, 
the  trains  making  on  an  average  50  percent  of  the  flag  stops  and 
through  some  sections  all  of  them.  Between  Spokane  and  Spring 
Valley  Junction  there  are  38  scheduled  stations,  from  the  Junction 
to  Moscow  28  stations,  and  from  the  Junction  to  Colfax  23  stations. 
All  of  these  (89),  with  15  exceptions,  are  on  grades,  curves  or  at 
the  ends  of  grades,  so  that  is  will  be  seen  that  the  starting  condi- 
tions are  very  severe. 

The  average  monthly  mileage  for  all  passenger  motor  cars  dur- 
ing the  past  year  was  53  000  miles.  Approximately  26  days  ser- 
vice per  month  is  expected  of  each  motor  car.  Two  of  the  cars, 
however,  were  in  daily  service  through  November  and  Dece  nber, 
1910,  and  January,  191 1,  92  days,  each  making  8500  miles.  One 
motor  car  was  in  daily  service  for  52  days,  making  250  miles  per  day 
during  December,  1910,  and  January,  191 1.  During  January,  191 1, 
on  all  motor  cars  and  locomotives  there  were  but  three  electrical 
failures,  which  caused  delays  aggregating  64  minutes.  During  the 
same  period  three  mechanical  failures  caused  delays  aggregating  55 
minutes.  No  delays  occurred  due  to  line  or  power  troubles.  Dur- 
ing April,  191 1,  there  was  only  one  delay  caused  by  failure  of  elec- 
trical equipment.  It  was  caused  by  an  old  brush  shunt  com- 
ing loose  and  grounding  the  motor.  This  delay  of  15  minutes  was 
caused  by  the  motorman's  inability  to  locate  the  trouble  promptly. 
During  the  first  six  months  of  191 1,  there  were  24  delays  caused  by 
electrical  failures,  aggregating  752  minutes. 

The  winter  of  1909  and  1910  was  one  of  the  most  severe  ex- 
perienced in  this  vicinity.     The   Spokane  &   Inland  was  the  only 
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local  road  that  maintained  its  regular  scheduled  service  through 
this  trying  period.  Before  the  first  train  went  through  in  the 
morning  there  would  frequently  be  twelve  inches  of  snow  on  the 
level,  and  six  to  seven  foot  drifts  in  the  cuts.  With  only  a  sheet 
iron  sheathing  over  the  pilot  of  the  motor  cars  for  a  snow  plough, 
the  longest  delay  due  to  snow  over  a  three  months  period  was  20 
minutes.     A  train,  just  after  its  arrival  in   Spokane,  is  shown  in 


9 — FIRST    TRAIX    IX    FROM     THE    SOUTH     AT    THE    SPOKANE    TER- 
TERMINAL,    WIXTER    igog-'lO 

Twenty  minutes  late  on  account  of  the  snow. 


Fig.  9.       Little  or  no  trouble  was  experienced  with  the  electrical 
equipment  due  to  its  being  continually  snow  encased. 

The  train  crews  are  recruited  from  men  who  have  had  prev- 
ious experience  on  steam  railroads.  The  motormen  must  have  had 
four  years  experience  as  locomotive  engineers.  The  conductors 
and  brakemen  must  have  had  three  years  experience.  The  motor- 
men  first  spend  from  two  to  three  months  working  with  the  inspec- 
tion crews  at  the  shops.  They  must  pass  an  examination  in  trans- 
portation rules,  then  serve  as  apprentices  to  other  motormen  in 
regular  service  until  reported  by  the  regular  men  as  competent  to 
handle  the  equipment. 
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MAINTENANCE  OF  EQUIPMENT 

The  shops  are  located  in  Spokane,  in  a  building  200  feet 
long  by  90  feet  wide.  Forty  feet  of  the  width  is  devoted  to  the 
machine  shop,  and  two  pit  tracks  where  heavy  repairs,  motor  chang- 
ing and  similar  work  is  cared  for.  Thirty-six  and  one-half  by 
seventy  feet  is  taken  up  by  the  blacksmith  shop  and  armature  rooms. 
A  brick  partition  separates  this  aisle  from  three  pit  tracks  for  in- 
spection and  storage. 

The  machine  shop  does  all  the  machine  work  for  the  Inland 
Empire  System,  22  men  being  employed.  There  are  three  blacksmith 
forges  situated  adjacent  to  the  shops  and  a  small  foundry  which 
casts  most  of  the  details  in  iron,  brass  and  aluminum. 

A  chief  winder  has  charge  of  the  armature  room,  his  men  doing 
railway  work  for  the  Coeur  d'  Alene  and  Inland  Divisions  and  also 
any  repairs  needed  at  the  power  or  substations  of  all  divisions. 
There  are  also  two  inspection  crews,  a  day  and  a  night  gang,  each 
with  a  foreman  who  reports  to  the  general  foreman.  Each 
of  these  crews  is  divided  into  two  gangs,  one  composed  of  two  men 
for  heavy  work,  such  as  raising  cars,  taking  out  motors,  wheels  or 
gears,  or  such  other  work  as  is  done  when  a  locomotive  is  sent  to 
the  back  shops.  The  other  crew  of  four  men  do  general  inspection 
and  make  small  repairs,  etc.  There  are  also  two  general  utility 
electricians  who  help  the  inspection  crews  or  do  special  repair  work 
of  all  kindii  other  than  that  cared  for  by  the  winders. 

The  passenger  equipments  are  given  a  light  inspection  after 
approximately  every  700  miles.  The  locomotives  are  inspected  after 
each  trip.  The  inspection  crew  also  do  all  switching  of  equipment 
in  the  shop  yards,  and  frequently  take  equipments  to  the  terminal, 
a  mile  and  a  quarter  distant.  They  also  do  all  repair  and  inspec- 
tion work  on  the  Coeur  d'  Alene  division. 

The  brake  equipment  is  maintained  under  the  direction  of  the 
machine  shop  foreman.  The  repairs  to  freight  cars  are  made  by  a 
gang  in  the  freight  yards  under  the  direction  of  the  chief  freight 
car  inspector,  and  a  fully  equipped  paint  shop  cares  for  the  cars 
and  locomotives  of  the  entire  system. 


SOME  NOTES  ON  THE  BUILDING   OF  A  MODERN 
RAILWAY  MOTOR 

C.  B.  AUEL 
Assistant  Manager  of  Works,  Westinghouse  Electric  &  Mfg.  Co. 

NO  piece  of  electrical  apparatus  has  been  perfected  to  a  greater 
extent  during  the  past  ten  years,  mechanically  and  elec- 
trically, than  the  railway  motor.  If  further  improvement  is 
to  be  expected,  it  must  be  in  the  matter  of  details  to  meet  special 
operating  conditions  rather  than  in  any  radical  changes  in  design 
or  in  construction.  The  increasing  severity  of  modern  requirements 
and  the  demand  for  light  weight  motors  have  led  to  the  use  of  higher 
grade  materials  for  castings,  gears,  pinions,  etc.,  to  the  adoption  of 
impregnated  coils  both  for  the  field  and  the  armature,  to  the 
use  of  bearings  either  of  bronze  alone,  or  of  bronze  or  malleable 
iron  shells  with  thin  linings  of  best  quality  babbitt  and  to  other 
equally  important  changes,  all  with  the  sole  aim  of  insuring  con- 
tinuity of  service  and  minimum  cost  of  maintenance.  It  is  not 
the  purpose  of  this  article  to  enter  into  an  exhaustive  analysis  of 
the  construction  of  a  modern  railway  motor,  but  simply  to  describe 
a  few  of  the  principal  operations  in  the  building  of  one,  with  a 
view  to  showing  some  of  the  methods  pursued  by  the  Westinghouse 
Electric  &  Mfg.  Company,  including  the  system  of  inspection  em- 
ployed on  this  class  of  apparatus. 

As  is  v/ell  known,  railway  motors  may  be  logically  divided  into 
two  types,  "split",  and  "solid"  or  "box" ;  but,  since  the  same  general 
methods  are  followed  in  the  building  of  both,  a  description  of  one 
will  in  large  measure  apply  to  the  other. 

UPPER    AND    LOWER    HALF    FIELDS 

Milling — The  first  operation  is  that  of  milling  both  halves  of 
the  motor,  although  occasionally  planing  may  be  resorted  to  instead. 
There  is  no  particular  advantage,  so  far  as  the  finished  product  is 
concerned,  in  either  method.  If  it  be  a  quantity  proposition,  as 
is  usually  the  case,  milling  will  prove  the  cheaper,  since  it  is  much 
the  quicker  after  the  mill  has  been  properly  rigged  for  the  work; 
if,  however,  but  two  or  three  motors  are  involved,  planing  will 
probably  be  the  cheaper,  in  that  less  time  is  required  to  rig  the 
machine.     In  milling,  the  cutter  is  generally  supported  in  the  mid- 
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die,  as  shown  in  Fig.  i.  Were  this  not  done,  the  cutter  would  have 
a  tendency  to  spring  upward  when  milling  the  ends  of  the  half 
fields  where  the  castings  are  thickest,  and  to  bow  downwards 
while  milling  the  center  portions  where  the  sides  are  thinnest. 
In  consequence  of  this,  the  half  fields  when  bolted  together 
would  show  an  appreciable  air-gap  in  the  magnetic  field,  sufficient 
to  permit  the  entrance  of  water  or  to  produce  an  increase  in  speed 


FIG.    I — MILLING    HALF   FIELD 

above  normal.  To  guard  against  the  effect  of  such  springing  of 
the  tool  and  also  to  give  a  smooth  finish  to  the  faces  of  the  castings 
as  well  as  to  provide  a  better  clamping  effect  when  the  half  fields 
are  bolted  together,  the  milling  cutter  is  made  several  thousandths 
of  an  inch  smaller  in  diameter  than  standard,  toward  both  ends 
and  is  passed  over  the  fields  twice.  As  a  result,  when  the  two 
halves  are  finally  assembled,  the  clearance  between  them  never  ex- 
ceeds  0.008  inch.      When   milling,    sufficient   material    should   be 
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removed  so  that  in  the  subsequent  operation  of  boring  the  field 
with  the  halves  bolted  together,  the  cut  will  be  deep  enough  to 
face  off  the  poles  smoothly  and  without  leaving  any  rough  spots 
on   them. 

Drilling  of  Parting  Line  Bolt  Holes — The  second  operation 
is  that  of  drilling  the  parting  line  bolt  holes ;  that  is,  the  holes 
by  means  of  which  the  two  halves  as  well  as  the  axle  caps  are 


FIG.   2 — DRILLING    HALF   FIELD 

bolted  together.  These  holes  are  practically  always  drilled  to  a  jig, 
thus  insuring  interchangeability  of  parts.  In  drilling,  due  precau- 
tion must  be  exercised  to  lay  out  the  holes  centrally,  not  only 
with  reference  to  the  poles  in  the  direction  of  their  length,  but 
also  with  reference  to  the  housing  core  or  bore.  The  holes  are 
drilled  1/32  inch  larger  than  the  diameter  of  the  bolt  for  clearance. 
Fig.  2  shows  a  half  field  in  the  process  of  drilling. 
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Spot  Facing  of  Parting  Line  Bolt  Holes — Immediately  after 
being  drilled,  the  holes  are  "spot  faced,"  a  spot  around  the  edge  of 
each  hole  being  smoothed  oft  with  a  tool  much  like  a  drill,  known 
as  a  counterbore,  in  order  to  permit  the  bolts  to  lie  flat  against  the 
casting  instead  of  bearing  upon  it  at  one  portion  only.  The  bolts 
used  in  holding  the  two  half  fields  together  are  specially  finished, 
not  only  in  the  body  but  under  the  head  which  is  provided  with  a 
small  round  shoulder,  to  insure  solidity  of  contact. 

La\ing  out  Fields — The  half  fields  are  next  laid  out  for  the 
armature   and    the   axle   bores.      The    castings   are    placed    upon   a 


FIG.    3 — BORING    FIF.LD    FOR    ARMATURE    AND    AXLE    BEARINGS 

surfacing  table  and  very  carefully  gone  over  by  an  experienced 
mechanic  who,  with  the  parting  holes  already  drilled,  as  a  base, 
marks  ofif  by  means  of  suitable  templates  and  a  straight  edge, 
the  location  for  both  bores.  Due  caution  must  be  observed  that 
there  is  not  only  sufficient  material  to  permit  both  bores  to  be  cut 
clean ;  but,  also  that  the  axle  bore  does  not  cut  into  the  magnetic 
circuit,  and  that  the  armature  bore  does  not  cut  away  too  much 
of  any  of  the  poles,  so  as  to  leave  insufficient  stock  for  the  field 
coils. 

Milling  and  Drilling  of  Axle  Caps — The  axle  caps  are  first 
filled  with  kerosene  oil  and  allowed  to  stand  for  one  hour,  in  order 
to  test  for  porosity.  Such  as  show  slight  leaks  are  either  electric- 
ally welded  or  hot  galvanized.     They  are  next  milled,  then  drilled 
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and  the  holes  spot  faced,  these  various  operations  being  performed 
in  much  the  same  manner  as  on  the  half  fields,  the  bolt  clearances 
also  being  the  same. 

Armature  and  Axle  Bores — The  upper  and  the  lower  half 
fields  and  the  two  axle  caps  are  then  fitted  together  and  bored 
for  the  armature  housings  and  for  the  axle  bearings ;  pieces  of 
sheet  steel  called  "shims"  0.012  inch  thick  are  placed  between  the 
half  fields  before  boring,  thus  enabling  a  clamping  fit  to  be  obtained 
on  the  armature  housings  and  axle  bearings  when  the  motor  is  finally 
assembled ;  at  the  same  time  the  ends  of  the  castings  are  faced  ofif 
so  that  the  bearings  and  the  housings  will  when  placed  in  their  re- 


spective positions,  fit  properly  at  the  flanges.  In  both  of  the  bores 
accuracy  is  determined  by  means  of  a  pin  gauge;  that  is  to  say, 
each  bore  is  made  so  that  a  pin  gauge  equal  in  length  to  the  exact 
diameter  will,  when  placed  in  the  bore,  resting  on  one  of  its  ends, 
either  fit  exactly  or  else  have  a  rocking  movement  not  to  exceed  a 
certain  amount  which  will  depend  upon  the  diameter  of  the  bore; 
thus  in  an  armature  housing  bore  of  say  18  inches,  the  rocking  move- 
ment would  not  be  permitted  to  exceed  y%  inch,  which  corresponds 
to  an  allowance  in  diameter  of  approximately  o.ooi  inch  over  exact 
size;  likewise,  in  an  axle  bore  of  8  inches,  the  rocking  movement 
would  not  exceed  y%  inch  which  corresponds  approximately  to  an 
allowance  of  0.002  inch.     In  the  matter  of  overall  length  of  field,  a 
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variation  of  1/64  inch  either  way  is  allowed.  Fig.  3  shows  a  field 
in  position  in  a  double  horizontal  boring  mill  ready  for  boring. 

Miscellaneous  Drilling  of  Axle  Caps — The  axle  caps  are  then 
removed  and  drilled  for  the  oil  box  lid;  and  the  keyway  for  the 
bearing  is  either  milled  or  slotted,  or  else  drilled  for  the  dowel  pin 
where  a  key  is  not  used. 

Field  Bore — The  field  is  next  placed  in  position  on  a  floor 
boring  mill,  as  shown  in  Fig.  4,  in  order  to  bore  for  the  armature. 
Dummy  housings  with  bearings  in  them,  are  used  to  center  the 
field  casting  on  the  boring  bar.     To  compensate  for  wear  in  the  actual 


bearings  of  the  motor,  it  is  customary  to  locate  the  armature  itself 
1/32  inch  above  the  true  center.  In  some  types  of  motor,  this 
is  accomplished  by  having  the  dummy  housings  machined  sufficient- 
ly off  center,  so  that  the  bearings  in  them  come  1/32  inch  above 
their  true  center.  In  other  types,  the  allowance  for  wear  in  the 
armature  bearings,  is  made  in  the  housings  actually  furnished 
with  the  motors.  The  former  method  is  now  the  standard,  how- 
ever, on  nearly  all  of  the  latest  designs  of  motors.  The  boring 
bar  which  passes  through  the  center  of  the  dummy  bearings,  thus 
occupies  a  position  1/32  inch  above  the  center  with  reference  to 
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the  housing  bore  of  the  field,  iti  consequence  of  which,  when  the 
field  is  machined  for  the  armature,  the  bore  of  the  latter  is  1/32 
inch  above  the  center  of  the  housing  bore. 

Milling  Gcar-Case  Pads — A  top  half  field  in  position  for  mill- 
ing the  tops  of  the  gear  case  pads  is  shown  in  Fig.  5,  the  bottoms 
having  been  milled  at  the  same  time  as.  and  as  a  part  of,  the  first 
milling  operation.  It  is  essential  for  the  pads  to  be  of  such  thick- 
ness that  when  finished,  the  gear  case  will  fit  snugly  over  them,  not 
over  o.oio  inch  being  allowed  either  way  from  the  exact  size,  other- 


PLANINX   SUSPENSION   PADS 


wise  wear  and  rattling  of  the  parts  will  probably  result  after  the 
motor  has  been  in  service  for  a  time. 

Suspension  Pads — In  the  machining  of  the  suspension  pads 
which  may  be  either  milled  or  planed,  planing  being  shown  in  Fig. 
6,  care  must  be  taken  to  see  that  the  finished  faces  are  not  only 
the  proper  distance  from  the  center  line  of  the  armature  shaft,  but 
thai  they  are  likewise  parallel  with  a  vertical  plane  through  the  same 
center  line.  A  variation  of  yi  inch  both  vertically  and  horizontally 
is  however,  considered  sufficiently  accurate  for  this  dimension. 

Miscellaneous  Drilling — The  drilling  of  a  railway  motor,  other 
than  the  drilling  of  the  parting  line  holes  already  described,  may 
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be  divided  into  three  parts:     (i) — Drilling  the  holes  for  the  pole 
piece  bolts  and  the  housing  holts;  drilling  the  miscellaneous  holes, 


HG.   7 — BORJNG   SPIDER 
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FIG.   8 — TURNING    SPIDER 

with  the  motor,  (2)  in  a  more  or  less  horizontal  position,  then  with 
it  (3)  in  a  similar  vertical  position,  the  holes  in  these  last  two  opera- 
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tions,  including  those  for  the  cable  bushings,  cleats,  peep-holes, 
hand-holes  and  holes  for  the  oil  box  hinges.  None  of  these  holes 
except  those  for  the  bushings,  are  spot  faced. 

ARMATURE    SPIDER 

Boring — Armature  spiders  are  made  either  of  malleable  iron 
or  steel.    The  end  bell  is  cast  as  part  of  the  spider  proper,  instead 

of  being  a  separate  piece ; 
and  the  laminations  and 
end  plates  are  held  in 
position  by  a  ring  nut. 
The  first  operation  in  the 
machining  of  the  spider 
is  that  of  boring  for  the 
armature  shaft,  as  shown 
in  the  lathe  in  Fig.  7. 
Three  cuts  are  taken,  two 
so-called  "roughing"  and 
one  "finishing"  cut; 
after  which,  if  the  ma- 
terial is  of  malleable  iron, 
the  bore  is  reamed  for  a 
finish ;  or,  if  of  steel,  a 
floating  cutter  is  used  in- 
stead. The  former  meth- 
od gives  perhaps  a  little 
smoother  finish ;  the  cost 
of  reamers  is,  however, 
not  only  a  considerable 
item,  but  this  scheme  can- 
not be  so  well  adapted  to 
steel  on  account  of  the 
chips  tending  to  clog  the  reamer,  differing  in  this  respect  from  either 
cast  or  malleable  iron.  The  bore  is  finished  within  0.0005  inch  of 
the  required  dimensions,  the  necessary  allowance  for  press  fit  of 
the  armature  shaft  being  made  in  the  latter. 

While  the  spider  is  in  position  for  boring,  the  part  forming  the 
end  bell  is  turned  and  faced.  The  spider  is  then  removed,  mounted 
on  a  mandrel,  placed  in  a  second  lathe,  as  shown  in  Fig.  8,  and  the 
remaining  portion  of  it  turned  to  within  1/32  inch  of  finished  size, 
this  amount  being  allowed,  for  subsequent  grinding. 


FIG.    9 — KEY-SEATING    SPIDER 
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Three  keyways  are  next  cut  in  the  spider,  one  on  the  inside  for 
the  armature  shaft  key,  the  other  two  on  the  outside  for  the  sheet 
iron  laminations  and  the  commutator  respectively.  These  opera- 
tions are  shown  in  Figs.  9  and  10,  the  former  being  known  as 
"key-seating",  the  latter  as  "profiling".  The  keyways  are  made 
0.002  inch  under  size  so  that  the  keys  will  be  a  driving  fit.  The  two 
outside  keyways  are  made  at  one  setting  and  must  be  in  exact  align- 
ment with  each  other. 

The  machined  spider  is  then  ground  to  finished  size  as  shown 


FIG.    10 — PROFILING   SPIDER 

in  Fig.  II.  In  grinding,  0.002  inch  is  left  over  and  above  the  exact 
dimension,  so  that  the  laminations  will  fit  tightly  when  pressed  on 
the  spider.    A  variation  not  exceeding  0.0005  i^ch  is  here  permitted, 

BUILDING    OF   ARMATURE    CORE 

The  utmost  care  is  taken  to  have  the  laminated  iron  punch- 
ings  a  tight  fit  on  the  spider  and,  with  this  object  in  view,  the  iron 
is  frequently  gauged  when  being  punched,  so  that  any  wear  in 
the  dies  will  at  once  be  detected  and  the  error  corrected.  In 
building  up  the  laminations,  a  certain  quantity  is  first  weighed,  the 
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amount  necessary  for  each  type  having  been  determined  by  experi- 
ence. A  few  sheets  at  a  time  are  then  put  on  the  spider  and  forced 
home  by  means  of  a  hydrauhc  press,  such  as  shown  in  Fig.  12. 
When  all  of  the  sheets  have  been  placed  in  position,  the  end  plate 
is  put  on,  pressure  applied  and  the  armature  ring  nut  screwed 
down  tightly.  The  pressure  of  course,  will  depend  upon  the  size 
and  type  of  armature,  varying  from  40  to  60  tons  or  more.  The 
laminations  now  used  in  the  building  of  the  core,  are  so  clean-cut 
that  filing  has  been  practically  eliminated. 

ARMATURE    SHAFT 

The  first  operations  on  the  shafts  are  those  of  cutting  oft'  and 
centering;  that   is,   the   shaft   is   cut   off   from   the   commercial  bar 


FIG.    II— GRINDING    SPIDER 


of  axle  steel  to  within  1/32  inch  of  finished  length,  after  which  a 
small  cone-shaped  hole  is  bored  in  the  center  at  each  end,  to  facili- 
tate the  turning  of  the  shaft,  as  well  as  for  convenience  in  manipu- 
lating the  armature  in  subsequent  operations. 

The  shaft  is  next  rough-turned  in  the  body  to  within  0.020  or 
0.030  inch  of  finished  size,  and  then  rough  tapered  at  one  end  for 
the  pinion  after  which  it  is  "spotted"  for  grinding  and  threaded 
for  the  pinion  nut.  By  "spotting"  is  here  meant  turning  the 
shaft  down  to  the  exact  size  throughout  a  small  width,  at  every 
place  where  there  is  a  change  in  the  diameter,  so  that  subsequently 
in  grinding,  the  grinders  will  have  guides  to  which  to  work. 

Keyways  for  the  pinion  and  the  spider  are  next  milled  in  the 
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shaft,  very  much  after  the  manner  in  which  the  key  ways  are  cut 
in  the  spider. 

The  final  operations  on  the  shaft  as  a  separate  piece  of  appara- 
tus, are  those  of  grinding  the  body  and  the  taper,  these  operations 
being  performed  practically  like  the  grinding  of  the  spider. 

Miscellaneous— The  finished  shaft  is  next  pressed  into  the 
built-up  armature  core,  as  shown  in  Fig.  13,  varying  pressures  being 

used,  depending,  as  in  the 
case  of  the  building  up  of 
the  laminations,  on  the 
size  and  type  of  motor. 
For  motors  of  about 
thirty  horse-power,  the 
pressure  is  approximately 
30  tons.  The  forcing  in 
of  the  shaft  at  this  press- 
ure has  a  tendency  to 
expand  the  spider,  thus 
causing  the  laminations 
to  bite  into  it  and  result- 
ing in  a  still  tighter  grip- 
ping effect  between  them. 
The  completed  core  is 
finally  placed  in  a  lathe, 
to  see  that  the  journals 
run  true  with  the  core ; 
it  is  then  taken  to  the 
balancing  ways,  Fig.  14, 
and  balanced.  If  any 
balancing  is  required,  it  is 
done  by  pouring  solder  into  pockets  in  the  end  bell  provided  for  this 
purpose,  access  to  these  being  obtained  through  the  medium  of 
small  holes  made  by  means  of  a  breast  drill.  Proper  balance  is 
obtained  when  the  core  will  come  to  rest  in  any  position,  when  rolled 
along  the  ways. 

HOUSINGS 

Boring  and  Turning — All  housings  are  of  malleable  iron  and 
are  rough  bored,  faced  and  turned  at  one  setting  on  a  vertical  boring 
mill,  as  shown  in  Fig.  15.  In  the  machining,  a  variation  is  permitted 
of  but  0.0015  inch  either  way  from  the  exact  dimension.  In  a  few 
types,  after  the  three  operations  just  noted  have  been  performed, 
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the  housing  is  shifted  0.015  i^ich  off  the  center  in  a  direction  which 
would  be  downward  were  the  housing  occupying  its  correct  posi- 


FIG.    13 — PRESSING    SHAFT    INTO    CORE 


FIG.    14 — BALANCING   CORE 

tion  on  the  motor,  and  is  then  finish-bored ;  in  this  last  operation, 
a  variation   of   not   over  0.0005   i^ch  is  allowed   either  way,   This 
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is  to  allow  for  the  wear  of  the  armature  bearings  in  service,  though 
as  mentioned  under  the  paragraph  on  "Field  Bore,"  the  more  usual 
plan  is  now  to  make  the  necessary  allowance  in  the  field  instead. 

The  housing  is  next  drilled  and  tapped  for  the  bolts  which  hold 
it  to  the  field.  The  keyway  for  the  bearing  is  then  cut,  after  which 
the  casting  is  tested  for  leaks  with  kerosene  oil,  in  the  same  manner 
as  the  axle  caps.  To  remove  dirt  which  may  be  adhering  to  the  in- 
side of  the  oil  pocket,  and  which  the  intricate  shape  of  the  casting 
may  favor,  the  casting  is  soaked  for  one-half  hour  or  more  in  a  solu- 


FIG.    15 — BORING    HOUSING 

tion  of  strong  lye.  It  is  then.,  removed,  allowed  to  dry,  cleaned  with 
a  strong  air-blast,  drilled  for  the  oil  box  cover  hinges,  the  cover 
fitted  and  the  bearing  finally  pressed  into  it  at  a  pressure  of  three 
to  five  tons,  this  last  operation  being  shown  in  Fig.  16. 

POLES 

In  the  making  of  poles,  the  end  plates,  which  are  of  malleable 
iron,  have  the  holes  punched  in  them,  where  formerly  drilling  was 
the  custom.  The  punched  holes  are  then  countersunk.  The  edges 
of  the  end  plates  are  next  ground  to  remove  fins,  as  well  as  to 
round  the  corners.    The  pole  is  now  ready  to  be  built.    The  rivets 
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are  placed  in  one  of  the  end  plates,  a  certain  amount  of  pole  lam- 
inations is  weighed  and  the  individual  sheets  which,  it  may  be 
mentioned,  are  not  symmetrical  in  many  of  the  motors,  are  reversed 
with  respect  to  one  another,  thus  providing  means  for  saturating 
the  pole  shoes.  The  laminations  are  then  placed  over  the  rivets 
a  few  at  a  time,  until  all  are  in  position,  the  remaining  end  plate 
put  on,  about  60  tons  pressure  applied  and  the  length  of  iron 
measured  to  see  if  it  corresponds  to  the  drawing  requirements. 
The  pole  is  then  clamped  so  as  to  hold  the  iron  together,  a  "double- 
nut"  the  function  of  which  is  described  later,  is  pressed  into  posi- 
tion, after  which  the  ends  of  the  rivets,  which  project  about  y2  inch 

beyond  the  pole,  are  flanged  out 
under  the  press,  completely  fill- 
ing the  counter  sunk  holes  in  the 
end  plate.  The  pole  is  then 
squared  up,  ground  at  the  edges 
and  corners,  hand  filed,  if  nec- 
essary, and  the  pole  studs  screw- 
ed into  the  "double-nut"  which 
thus  serves  to  hold  the  ])ole  in 
position  when  bolted  to  the 
motor  held. 

BRUSH   HOLDERS 

If  any  parts  of  a  motor 
could  be  said  to  be  of  more  im- 
portance than  any  other  parts, 
the  items  selected  would  un- 
doubtedly be  the  brush-holders, 
the  commutator  and  the  bear- 
ings. 

The  principal  requirements 
of  a  good  brush-holder  are 
that  is  shall  transmit  the  cur- 
rent without  excessive  heating,  that  is  shall  not  easily  get 
out  of  adjustment  and  that  it  shall  be  durable.  These  con- 
sideration involve  the  utmost  attention  being  given  to  de- 
tails in  all  matters  pertaining  to  design,  workmanship  and  ma- 
terials. The  carbons  must  not  only  fit  the  holder  within  certain 
well  defined  limits  of  accuracy  but  the  carbons  themselves  must 
be  of  a  certain  quality.  The  current  must  pass  through  the  holder 
and  the  shunt   rather  than   through   the   spring,   the   spring  must 
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have  a  uniform  tension  throughout  its  working  range,  the  entire 
mechanism  must  be  sufficiently  compact  so  as  not  to  occupy  an 
undue  amount  of  space  and  the  materials  used  must  be  selected 
with  a  view  to  resisting  rapid  wear,  etc.  Fig.  17  shows  the  detail 
parts  of  a  railway  type  hrush-holder.  The  holder  proper  consists  of  a 
carefully  machined  brass  casting  into  which  two  steel  pins  are  driv- 
en and  doweled.  Upon  these  pins  are  placed  closely  fitting  insulat- 
ing tubes  and  over  them  in  turn,  thin  brass  shells  and  porcelain 
washers.  The  shells  preclude  any  possibility  of  damage  to  the  in- 
sulating tubes  when  the  brush-holder  is  clamped  in  position  on  the 

motor,  while  the  por- 
celains add  consider- 
able to  the  creeping 
distance,  thus  pre- 
venting grounding 
from  the  holder  to 
the  brass  shells  or 
•    •   ii  ^  '^  clamp.       The     spring 

mechanism  is    s  e  1  f  - 

contained,     consisting 

m^g^^i^m         ^.A.  °^    ^    punched    brass 

^^■^^  support   on    which    is 

^Bj^Hj^  mounted      the     phos- 

^^^HHHfl^  phor     bronze      spiral 

l^^T^P  spring    with    its    cop- 

J^^PI'  per     tip,     a     flexible 

shunt  and  a  pawl 
and  sprocket,  the  tip 
and    shunt    being    in- 

FIG.     17 — BRUSH    HOLDER    AND    PARTS  Sulatcd  frOUl  thC 

spring  itself.  The  device  is  readily  secured  in  the  holder  by  means 
of  a  steel  shaft  placed  at  right  angles  to  the  movement  of  the  spring. 
The  pawl  and  sprocket  enable  the  spring  to  be  adjusted  to  the  ten- 
sion required,  usually  between  five  and  six  pounds. 

In  addition  to  a  careful  examination  of  all  parts  before  as- 
sembling, the  completed  brush-holder  is  closely  inspected.  Limit 
plug  gauges  are  used  for  testing  the  size  of  the  slots,  a  variation  of 
0.002  inch  only  being  permissible ;  the  springs  are  tested  with  a 
scale  for  the  proper  tension ;  the  distance  between  centers  of  pins 
and  centers  of  carbon  slots  are  checked,  as  well  as  the  position 
of  the  slots  with  reference  to  the  pins,  these  requiring  to  be  exactly 
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parallel ;  finally  an  electrical  test  is  given,  the  recommendations  of 
the  American  Institute  of  Electrical  Engineers  being  followed  in 
this  respect.  commutator 

A  railway  type  commutator  and  details  are  shown  in  Fig.  i8, 
the  building  of  which  may  be  divided  into  three  parts : — maching  of 
bush  and  V-ring,  building  the  bars  or  segments  and  assembling  the 
commutator.  While  formerly  a  great  amount  of  trouble  was  experi- 
enced from  so-called  "high  bars",  this  has  now  been  practically 
eliminated,  due  to  improved  methods  in  machining  and  in  building, 
in  the  making  of  the  mica  and  to  a  greater  appreciation  of  the  nec- 


FIG.    1 8 — COMMUTATOR    AND    PARTS 

essity   of   materials   and   workmanship   being   within    very   narrow 
limits  as  regards  accuracy. 

The  copper  from  which  the  commutator  bars  are  made  must 
be  within  o.ool  inch  either  way  of  exact  thickness.  Experience 
has  also  shown  that  it  is  inadvisable  to  use  punched  copper  unless 
finish  is  allowed  for  in  each  V,  so  that  the  bars  may  be  subse- 
quently machined.  The  mica  strips  may  vary  from  exact  size  to 
0.0015  inch  over  size.  The  metal  bush  and  the  V-ring  are  machined 
to  sheet  steel  templates  so  that  no  variation  is  permitted  in  them. 
The  mica  bush  is  a  loose  fit  and  a  certain  latitude  is  thus  allowable 
in  it;  the  mica  V-rings,  however,  are  required  to  be  as  nearly 
absolutely  uniform  as  possible  and  to  this  end  special  machinery 
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has  been  built  for  machining  them  at  various  stages  during  their  con- 
struction. 

In  building,  the  bars  with  the  mica  strips  properly  spaced  be- 
tween, are  assembled  on  a  temporary  bush ;  they  are  next  baked 
for  a  certain  length  of  time  and  then  pressed  under  heavy  pressure 
into  a  solid  steel  ring.    Upon  cooling,  the  final  machining,  previously 
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referred  to,  is  performed  after  which  the  edges  of  the  bars  are 
cleaned  up  and  a  careful  inspection  and  test  are  made  for  short 
circuits.  The  finished  parts  are  now  all  assembled,  the  bolts  hold- 
ing them  together  are  screwed  down  tightly  and  the  ring  en- 
closing the  segments  is  removed.  The  commutator  is  next  turned 
to  dimensions  and  again  tested  electrically,  the  bars  are  then  slotted 
for  the  armature  leads,  the  slots  tinned  and  cleaned  and  the  com- 
mutator is  given  a  final  inspection  and  electrical  test. 
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BEARINGS 

A  one-piece  babbitted  bronze  bearing  (3  by  7.5  in.)  for  a 
railway  motor  of  moderate  size  is  illustrated  in  Fig.  19.  In  the 
making  of  bearings  of  this  type  the  oil  grooves  are  generally  cast-in 
when  pouring  the  babbitt,  a  collapsible  mandrel  being  used,  as 
shown  in  Fig.  20,  The  mandrel  consists,  as  will  be  noted,  of  seven 
pieces,  the  base,  core,  four  segments  and  a  collar,  the  last  for  holding 
the  parts  together  when  assembled.  The  core  and  the  segments 
are  tapered  on  their  adjacent  sides  so  that  after  a  bearing  has  been 
babbitted  and  the  collar  removed,  the  core  may  be  withdrawn, 
the  segments  then  collapsed  toward  the  center,  and  in  turn  taken 
out.  The  mandrel  is  made  from  0.004  to  0.020  inch  smaller  than 
the  finished  diameter,  depending  upon  the  size  of  the  bearing. 
While  half  bearings  require  slightly  different  handling,  the  general 
procedure  is  much  the  same  as  with  solid  bearings  and  a  description 
of  the  latter  will,  therefore,  suffice  for  both. 


flUll 

FIG.    20 — MANDREL    FOR    BABBITTING    BEARING 

The  rough  casting  is  first  cleaned  of  sand  by  brushing,  scraping 
or  pickling.  If  pickled,  the  bearing  especially  when  provided  with 
anchor  holes  must  be  thoroughly  dried,  otherwise  trouble  may  be 
experienced  in  babbitting  due  to  the  moisture  forming  steam  when 
coming  into  contact  with  the  molten  babbitt.  The  flange  of  the 
bearing  is  next  faced,  turned  and  counterbored  and  the  bearing  it- 
self is  usually  bored  as  well.  Of  these  several  operations,  the  first 
permits  the  bearing  to  lay  perfectly  flat  on  the  base  of  the  mandrel, 
the  second  centers  it,  while  the  third  and  fourth  provide  the  right 
depth  of  babbitt  at  the  shoulder  and  also  in  the  bore.  The  bearing 
is  next  placed  over  the  mandrel,  the  cored  holes  are  plugged  with 
metal  or  wood  to  retain  the  babbitt  temporarily,  after  which  the 
babbitt  is  poured.  Upon  cooling,  the  plugs  and  the  mandrel  are 
removed  and  any  fins  or  ragged  edges  of  babbitt  are  then  burned 
off  with  a  hot  soldering  iron.  The  bearing  is  next  broached  or 
bored,  after  which  it  is  driven  upon  an  arbor  to  enable  it  to  be 
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turned  in  a  lathe.  The  keyvvay  is  finally  profiled  and  the  bearing 
may  then  be  considered  as  completed,  provided  always  it  passes  the 
final  inspection.  As,  however,  inspection  occurs  throughout  the 
several  operations  described  and  includes  several  tests  daily  for 
quality  of  the  babbitt,  this  last  inspection  is  comparatively  simple, 
consisting  in  a  checking  of  all  dimensions  including  length,  inside 
and  outside  diameters,  size  of  keyway,  as  well  as  a  careful  scrutiny 
of  the  general  finish. 

GENERAL 

From  the  preceding  outline  of  the  principal  operations  on  a 
modern  railway  motor,  it  will  be  appreciated,  in  some  degree,  how 
high  must  be  the  grade  of  workmanship  involved  and  how  rigid  the 
inspection,  if  the  standards  of  quality,  as  instanced  by  the  examples 
given,  are  to  be  upheld.  Throughout  the  entire  railway  depart- 
ment, constant  inspection  is  going  on  to  see  that  all  work  is  per- 
formed within  the  limits  of  accuracy  required.  Much  of  the  in- 
spection is  done  while  the  parts  are  actually  being  machined ;  and, 
to  insure  correctness  of  measurement,  the  gauges  of  the  inspectors 
are  not  allowed  to  be  used  by  any  other  person.  While  many  of 
the  reasons  for  doing  certain  operations  one  way  in  preference  to 
doing  them  another,  are  evident,  there  are  others  in  which  the  rea- 
sons are  not  so  obvious  and  in  which  experience  alone  has  been  the 
guide.  Hence,  the  tremendous  advantage  which  a  concern,  long 
established  in  the  manufacture  of  railway  motors  has  over  its  com- 
petitors. The  same  experience  is  likewise,  of  equal  value  in  the 
purchase  of  raw  materials  permitting,  as  it  does,  the  drawing  up 
of  specifications  by  the  company  which  serve  to  advise  manufac- 
turers of  raw  materials  as  to  the  quality  of  goods  required.  When 
it  is  stated  that  these  specifications  are  regularly  filed  with  the  War 
and  Navy  Departments  of  the  United  States  as  they  are  issued  from 
time  to  time,  their  importance  will  be  further  appreciated. 


SOME  SPECIAL  FEATURES  OF  1500  VOLT  DIRECT- 
CURRENT  RAILWAY  EQUIPMENTS 

L.  G.  RILEY 

THE  development  of  the  i  500  volt  direct-current  system  of 
electric  railway  service  has  made  necessary  the  alteration 
of  nearly  every  piece  of  apparatus  comprising  railway 
equipments,  from  motors  to  trolley,  and  the  development  of  several 
entirely  new  details.  This  is  due  partly  to  the  increased  voltage, 
which  of  course  requires  additional  insulation  and  creepage  dis- 
tances, and  partly  to  the  frequent  requisite  that  equipments  be 
arranged  for  operation  at  full  speed  both  on  i  500  and  600  volt 
lines.  Facilities  for  interrupting  the  main  circuits  have  required 
particularly  close  attention. 

In  arranging  motors  for  operation  on  i  500  volts  the  elec- 
trical characteristics  of  the  standard  600  volt  interpole  railway 
motor  have  been  retained,  with  little  or  no  change.  More 
space  has  been  allowed  for  additional  insulation  on  the  wind- 
ings, and  for  creepage  distances  between  live  parts  and  the 
frame.  The  motors  are  connected  permanently  two  in  series 
so  that  each  individual  motor  operates  normally  on  750  volts,  al- 
though in  case  one  motor  slips  its  wheels,  it  may  have  impressed 
across  its  armature  a  large  percentage  of  the  entire  line  voltage. 
Connecting  two  motors  in  series  means  that  series-parallel  opera- 
tion can  be  secured  only  with  four  motor  equipments  and  this  ar- 
rangement has  become  standard  in  the  majority  of  cases,  for  both 
cars  and  locomotives. 

The  increasing  demand  for  power-operated  control  apparatus 
with  its  advantages  of  safety  and  of  multiple  or  train  control,  in 
preference  to  platform  controllers  carrying  the  main  current,  even 
with  comparatively  light  equipments,  makes  the  application  of  the 
unit  switch  to  high  potential  lines  a  most  advantageous  feature. 
Due  to  the  reduced  current  required  by  an  equipment  of  a  given 
rating  on  the  higher  voltage,  it  has  been  possible  up  to  the  present 
time  to  use  unit  switches  and  other  main  circuit  apparatus  of  the 
same  capacity  as  are  used  with  standard  hand  operated  unit  switch- 
control  car  equipments.*     New  mountings  have  been"  supplied,  to 


*See  article  by  Mr.  K.  A.  Simmons  on  "Hand  Operated  Unit  Switch 
Control,"  in  the  Journal  for  October,   1910,  p.  802. 
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accommodate  the  increased  insulation  and  allow  for  sufficient  arcing 
space,  but  the  operating  details  remain  essentially  the  same. 

The  schematic  arrangement  for  the  main  circuits  of  a  locomo- 
tive, equipped  with  four  185  horse-power  motors,  is  given  in  Fig. 
I.  This  illustration  shows  the  special  provision  made  for  handling 
I  500  volt  direct-current  arcs ;  whereas  a  600  volt  eciuipment  for 
the  same  current  would  be  provided  with  three  unit  switches  in 
series  with  the  motors  on  the  first  notch,  the  higher  voltage  re- 
quires a  total  of  seven  switches  to  give  the  same  factor  of  safety, 
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FIG.    I — SCHEMATIC   DIAGRAM    FOR    I  500    VOLT    DIRECT-CURRENT   LOCOMOTIVE 

even  with  the  increased  strength  of  magnetic  blowout  which  has 
been  used.  The  method  of  accelerating  and  of  changing  from 
series  to  parallel  closely  follows  standard  practice.  Reference  to 
the  sequence  table  will  show  the  switches  which  are  closed  on  each 
notch  of  the  master  controller.  In  passing  from  series  to  parallel 
the  bridging  method  of  transition,  in  which  full  torque  is  main- 
tained on  all  motors,  has  been  used. 

Where  service  conditions  require  that  these  equipments  be 
operated  over  600  volt  lines  at  full  speed,  it  is  necessary  to  ar- 
range the  motors  to  start  two  in  series  and  two  in  parallel — the 
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full  speed  position  on  i  500  volts — and  then  accelerate  to  four 
motors  in  parallel.  In  order  to  secure  satisfactory  acceleration  the 
starting  resistance  must  also  be  reconnected,  the  usual  method  be- 
ing to  separate  individual  steps  of  resistance  in  two  halves,  con- 
necting the  halves  in  series  for  i  500  volts,  and  in  parallel  for  600 
volt  operation.  This  is  accomplished  by  means  of  a  drum  change- 
over switch  having  contact  fingers  connecting  to  each  of  the  motor 
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and  resistance  terminals,  and  two  rows  of  copper  segments  on  the 
surface  of  the  drum  which  are  shifted  under  the  fingers  by  the 
turning  of  the  drum.  The  arrangement  and  shape  of  the  segments 
are  such  that  one  row  connects  the  motors  and  resistances  in  their 
proper  relation  for  i  500  volt  operation,  and  the  other  row  provides 
for  600  volt  operation.  In  passing  from  one  trolley  voltage  to  the 
other  this  switch  is  thrown  to  its  proper  position  automatically  or 
by  the  motorman.  The  usual  conditions  requiring  600  volt  adapta- 
tion are  on  interurban  roads  using  existing  city  lines,  and  it  is 
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often  satisfactory  to  operate  at  half  speed  on  low  voltages  over  the 
city  streets.  This  simplifies  the  control  problem  and  the  operation 
as  well.  The  equipment  illustrated  in  Fig.  i  is  arranged  for  half- 
speed  operation  on  600  volts,  and  hence  no  main  change-over  switch 
is  required. 

Safety  demands  that  all  high  potential  apparatus  be  entirely 
enclosed  and  isolated.  It  is  thus  necessary  to  secure  reduced  voltage 
for  the  control  circuit,  lights,  air  compressors  and  ventilating  blow- 
ers. In  order  to  do  this  a  piece  of  apparatus  known  as  a  dynamotor 
has  been  developed,  the  diagram  of  connections  for  which  is  shown 
in  Fig.  2.  As  the  name  implies,  the  machine  is  a  combined  dynamo 
and  motor,  but  it  is  not  to  be  confused  with  or  considered  as  a 


FIG.    3 — SWITCH    GROUP    USED    WITH  I  5OO — 60O    VOLT    DIRECT- 
CURRENT    CONTROL    EQUIPMENT    UNIT    SWITCH 

motor-generator  set.  It  is  essentially  a  compound-wound  motor, 
having  two  independent  armature  windings,  each  connected  to  its 
own  commutator  but  occupying  the  same  slots  in  the  armature  core. 
A  shunt  field  is  added  to  limit  the  speed  at  light  loads.  The  i  500 
volt  connections  show  that  the  dynamotor  operates  exactly  like 
two  motors  in  series,  and  sufficient  current  is  drawn  from  the  con- 
nection between  the  two  motors  to  feed  lights  and  control  circuits 
at  750  volts.  This  is  the  dynamo  function,  and  the  dynamotor 
must  of  course  run  continuously  to  supply  this  load.  One  end  of 
the  shaft  extends  to  a  clutch  through  which  connection  is  made 
to  the  air  compressor.  Instead  of  the  motor  circuit  being  closed  by 
the  pump  governor  in  the  usual  \vay,  the  latter  is  pipe4  directly  to 
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the  clutch,  which  is  held  open  by  air  pressure  when  the  governor 
is  in  the  cut-out  position.  Thus  the  compressor  is  operated  inter- 
mittently through  the  opening  and  closing  of  the  clutch  under  the 
action  of  the  governor.  An  extension  on  the  other  end  of  the  dyna- 
motor  shaft  is  connected  directly  to  the  blower,  when  required. 

Where  600  volt  operation  is  also  required  a  change-over  switch 
is  utilized  to  transform  the  dynamotor  into  a  motor  with  only  one 
armature  winding  in  circuit,  the  other  armature  winding  serving  as 
a  generator  to  sustain  the  shunt  field.  The  auxiliary  circuits  are 
transferred  direct  to  the  trolley.  A  pneumatically  operated  switch, 
similar  to  the  operating  cylinder  of  a  unit  switch,  with  remote  elec- 
tric control,  and  provided  with  suitable  contacts,  is  used  for  this 
purpose. 

From  the  foregoing  it  may  be  seen  that  considerable  work  has 
been  required  in  connection  with  the  development  of  the  i  500  volt 
system,  although  in  general  there  have  been  no  radical  departures 
from  standard  railway  practice.  The  detail  apparatus,  however,  will 
undoubtedly  require  more  rigid  inspection  than  is  necessary  with 
standard  600  volt  apparatus. 


TRAILER  OPERATION  VERSUS  MULTIPLE-UNIT 
TRAINS=== 

CLARENCE  RENSHAW 

THE  wide  variations  in  the  traffic  which  a  railway  must  handle 
at  different  hours  and  on  different  days  present  a  most  dif- 
ficult problem  for  its  management.  The  traffic  apparently 
demands  that  the  cars  be  operated  on  a  variable  headway,  but  safety 
and  economy  incline  toward  uniformity.  If  the  cars  could  only  be 
gradually  expanded  and  contracted,  like  that  piece  of  hand  baggage, 
the  "telescope,"  formerly  so  popular  among  rural  travellers,  both 
requirements  could  be  satisfied  and  such  cars  would  then  doubtless 
be  in  great  demand  by  interurban  roads.  Unfortunately  the  manu- 
facturers of  electric  railway  equipment  have  not  yet  been  able  to  pro- 
duce cars  exactly  of  this  type.  They  have  been  able  to  produce  cars 
in  which,  starting  with  a  given  size,  the  capacity  can  be  doubled,  then 
increased  one-half,  then  one-third,  and  so  on.  This  method  has 
been  used  for  years  on  a  number  of  roads  under  the  name  of  the 
"multiple-unit"  system,  and  it  is  only  lack  of  acquaintance  with  the 
advantages  of  this  system  that  has  prevented  its  rapidly  increasing 
use. 

A  full  realization  of  the  advantages  of  multiple-unit  operation 
can  be  obtained  only  on  roads  having  ample  sub-station  capacity  and 
a  liberal  feeder  system.  These  are  usually  found  either  where  a 
third  rail  is  used  as  a  source  of  power  supply  or  else  where  the 
single-phase  system  is  employed.  Almost  every  road  should  be  able 
to  operate  trains  of  two  or  even  three  cars,  however,  if  the  size 
of  the  cars  is  properly  fixed. 

The  extent  of  the  variations  in  traffic  which  must  be  cared  for 
at  times  is  indicated  by  Fig.  i.  This  shows  the  number  of  passen- 
gers carried  on  each  trip  of  a  certain  interurban  line  for  Saturday, 
June  3rd,  and  Tuesday,  June  6th,  191 1.  It  shows  also  how  the 
crowds  were  cared  for  by  the  use  of  two  and  three-car  trains.  The 
traffic  shown  for  these  two  days  is  typical  of  that  for  any  clear  Sat- 
urday during  the  summer  and  any  ordinary  week  day.  The  road 
from  which  these  figures  were  obtained  is  single  track  and  is  ap- 
proximately twenty-five  miles  long.  The  cars  are  operated  at  half- 
hour  headway  during  most  of  the  day,  and  as  a  rule  make  twelve 
or  fifteen  flag  stops  per  trip.  The  run  is  made  in  forty-five  min- 
utes.    A  most  interesting  feature  of  this  operation  is  the  fact  that 

*A  paper  read  at  the  meeting  of  the  Central  Electric  Railway  Asso- 
ciation, at  Cedar  Point,  Ohio,  August  23  and  24. 
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no  addition  is  made  to  the  train  crew  when  two-car  trains  are 
operated.  The  cars  have  end  doors  for  passing  from  one  to  the 
other  and  a  motorman  and  a  conductor  are  able  to  handle  easily  the 
heavy  traffic  shown.  When  three  cars  are  used,  an  extra  man  is  add- 
ed to  the  crew  to  assist  the  conductor.  The  operation  on  this  road 
certainly  approaches  the  "telescope"  car  and  serves  as  an  excellent 
testimonial  to  the  multiple-unit  system. 

A  certain  line  in  the  coal  regions  of  West  Virginia  offers  a 
typical  example  of  a  somewhat  different  class.  This  road  is  also 
approximately  twenty-five  miles  long  and  single  track.  As  origin- 
ally put  in  operation  it  employed  single  cars  only,  seating  fifty-six 
people  and  equipped  with  four  75  horse-power  motors.     The  cars 
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FIG.    I CHART    SHOWING    VARIATION    IN    PASSENGERS    CARRIED    ON    DIFFERENT    DAYS 

were  provided  with  multiple  unit  control  but  had  straight  air  brakes 
and  no  draw-bars,  so  they  could  not  be  coupled  together.  After 
the  line  had  been  in  operation  several  years  and  the  traffic  had 
grown  beyond  all  expectations,  draw-bars  were  added  to  the  cars 
and  the  brakes  changed  to  automatic,  so  that  two-car  trains  could 
be  run.  At  the  same  time  some  additional  cars  were  purchased. 
These  were  made  somewhat  smaller  and  lighter  than  the  original 
cars  and  were  equipped  with  four  50  horse-power  motors  and  hand- 
operated  unit-switch  control.  When  train  operation  was  started, 
it  was  found  that  while  it  was  entirely  possible  to  operate  two  of 
the  large  cars  together,  it  proved  to  be  rather  undesirable  on  ac- 
count of  the  load  on  the   sub-stations.     With   train  operation,   tlie 
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small  cars,  however,  proved  a  decided  success  from  the  very  be- 
ginning and  have  beco.ne  so  popular  that  several  more  duplicate 
equipments  have  since  been  purchased.  Half  of  the  small  cars  seat 
thirty-six  people,  and  are  provided  with  baggage  compartments. 
The  other  half  are  for  passengers  only  and  seat  forty-six.  A  two- 
car  train  of  the  small  cars  thus  provides  a  baggage  compartment 
and  eighty-two  seats,  as  compared  with  fifty-six  seats  and  no  bag- 
gage compartment  on  the  single  large  cars.  The  train  makes  the 
same  schedule  as  the  single  large  cars  \vith  equal  facility.  But,  on 
account  of  the  somewhat  lower  speed  gearing  of  the  motors  and  the 
reduced  resistance  of  a  two-car  train,  it  takes  very  little  more 
power.  By  operating  a  single  snail  car,  a  single  large  car,  or  a 
train  of  two  cars,  the  seating  cai)acity  can  be  nicely  graded  to  suit 
the  traffic. 

Many  roads  no  doubt  hesitate  to  employ  nuiltiple-unit  trains  on 
account  of  a  supposed  inadequacy  of  sub-station  and  feeder  capacity. 
The  requirements  in  these  items  can  be  kept  within  very  reasonable 
limits  by  proper  training  of  the  motorman.  Some  years  ago  a 
number  of  tests  was  made  by  the  writer  on  one  of  the  early  inter- 
urban  lines  in  Indiana.  The  cars  were  equipped  with  two  150  horse- 
power motors,  or  a  total  of  300  horse-power  each,  and  were  geared 
for  a  maximum  speed  of  about  50  miles  per  hour.  Great  care  had 
been  taken  in  training  the  motormen  on  this  line  and  as  a  result  the 
maximum  current  per  car  rarely  exceeded  350  amperes.  On  other 
roads,  where  less  care  had  been  taken  in  instructing  the  men,  cur- 
rents of  over  600  amperes  have  been  noted  on  cars  with  only  the 
same  horse-power  of  equipment.  It  is  quite  evident  from  these 
figures  that  two-car  trains  in  the  hands  of  the  first  set  of  men  could 
have  been  operated  with  peaks  little  or  no  higher  than  those  caused 
by  single  cars  in  the  hands  of  the  second  set. 

Where  multiple-unit  trains  are  employed  it  is  usually  not  neces- 
sary to  have  either  cars  or  equipment  as  large  as  if  they  were  opera- 
ted singly  at  all  times.  In  the  efifort  to  avoid  the  operation  of 
other  than  single  cars,  the  size  and  equipment  of  interurban 
rolling  stock  has  been  increased  to  huge  proportions.  In 
many  cases  these  big  cars  run  most  of  the  day  with  a 
lonesome  dozen  or  two  passengers  for  the  sake  of  being 
able  to  handle  the  fifty  or  sixty  who  must  be  provided  for  on  a  few 
special  trips.  To  make  proper  use  of  multiple-unit  trains  a  size 
of  car  more  nearly  suited  to  the  average  load  should  be  employed 
and  the  capacity  expanded  by  coupling  up  when  necessary.     With 
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equipments  properly  proportioned  on  this  basis,  there  are  probably 
few  roads  where  two-car  trains  could  not  be  run. 

Before  the  days  of  the  multiple-unit  trains,  additional  capacity 
was  frequently  secured  by  the  use  of  extra  sections  running  on  the 
same  time  and  orders  as  the  regular  cars.  This  arrangement  multi- 
plies the  difficulties  of  safe  train  despatching  very  largely  and  in 
addition  requires  complete  extra  train  crews.  Extra  sections  are 
of  course  sometimes  necessary,  where  cars  have  not  been  equipped 
with  train  control.  As  a  rule,  the  dangers  of  this  arrangement  are 
recognized  and  its  popularity  for  high  speed  lines  is  declining. 

The  principal  competitor  or  perhaps  more  properly  predecessor, 
of  the  multiple-unit  train,  is  the  combination  of  a  motor  car  and 
a  trailer..  In  obtaining  extra  seating  capacity  by  the  use  of  trailers, 
many  people  seem  to  feel  that  they  are  getting  the  best  of  their 


FIG.   2 CURVE   SHOWING  RISE   IN   TEMPERATURE  OF   MOTORS,  CAR   OPERATING   SINGLY 

motor  equipments,  and  obtaining  extra  work  out  of  them  without 
their  knowing  it.  In  fact,  some  even  seem  to  believe  that  just  as 
the  work  of  the  motorman  is  not  materially  increased  by  the  addi- 
tion of  a  trailer,  the  work  of  the  motors  likewise  remains  the  same. 
This,  however,  is  far  from  the  fact.  It  is  true  that  the  power  taken 
by  a  motor  car  when  running  at  constant  speed  on  level  track  is  in- 
creased only  a  comparatively  small  amount  by  the  addition  of  a 
trailer  of  the  usual  proportions,  but  in  starting  and  accelerating  or 
in  propelling  the  car  up  grades  the  tractive  effort  which  the  motors 
must  deliver  is  in  almost  direct  proportion  to  the  weight.  In  any 
service,  where  stops  are  frequent  or  grades  are  severe,  the  addition 
of  a  trailer  means  a  considerable  increase  in  the  load  on  the  motors. 
In  local  service,  where  flag  stops  are  made,  as  a  rule,  the 
greater  the  number  of  people  carried  on  any  given  trip,  the  greater 
is  the  number  of  stops  which  must  be  made.  Heavy  traffic  trips 
where  trailers  are  employed  thus  necessitate  a  maximum  number 
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of  stops  on  account  of  the  greater  number  of  people  carried.  Even 
if  the  trailer  had  no  weight,  the  extra  number  of  stops  is  sufficient 
to  make  such  trips  hard  ones  on  the  motors  (unless  they  are  worked 
much  below  their  capacity  when  operating  without  the  trailer)  and 
the  use  of  a  trailer  under  such  circumstances,  at  the  very  time  when 
it  imposes  the  greatest  burden  on  the  motors,  is  frequently  a  pro- 
lific source  of  worry  for  the  master  mechanic,  work  for  the  arma- 
ture winder  and  business  for  the  spare  part  salesman.  The  effect 
on  the  motors  of  adding  a  trailer  may  be  seen  from  the  curves.  Figs. 
2  and  3.  These  curves  are  based  upon  tests  made  upon  single 
truck  city  cars*,  rather  than  interurban  cars,  but  nevertheless  should 
serve  equally  well  to  illustrate  the  point.  In  these  tests  a  coil  of  iron 
wire  was  carefully  calibrated  in  an  oil  bath  and  the  relation  between 
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:URVE  SHOWING  RISE  IN  TEMPERATURE  OF   MOTORS. 
DURING    RUSH     HOURS 


C.\R   HAULING   TRAILER 


its  resistance  and  its  temperature  accurately  determined.  A  field 
coil  was  then  made  up  with  the  iron  wire  coil  on  the  inside  and  this 
field  coil  was  placed  in  one  of  the  motors  on  a  car.  Leads  from 
the  iron  wire  coil  connected  to  a  portable  wheatstone  bridge  on  the 
car  platform  gave  a  ready  means  of  measuring  the  temperature 
of  the  motor.  Measurements  could  be  made  at  any  time,  without 
regard  to  whether  the  motors  were  running  or  standing  still  or 
whether  the  car  was  using  power  or  coasting. 

The  car  was  put  in  regular  service  on  several  successive  days 

*The  results  of  these  tests  were  included  in  a  paper  before  the  Amer- 
ican Institute  of  Electrical  Engineers,  reported  in  Vol.  XXII,  Page  279. 
They  were  also  referred  to  briefly  in  a  paper  prepared  for  the  Committee 
on  Equipment  of  the  American  Electric  Railway  Association  in  1909. 
The  data  are  so  relevant  to  the  present  discussion,  however,  that  the 
writer  trusts  he  will  be  pardoned  for  repeating  them  here. 
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First,  on  a  route  where  the  cars  were  operated  alone,  and  later  on 
another  route  where  a  trailer  was  attached  to  each  car  during  the 
morning  and  evening  rush.  By  means  of  the  arrangement  described 
above,  temperature  readings  were  taken  every  five  or  ten  minutes, 
not  only  during  the  day  when  the  car  was  in  operation,  but  also  at 
night  when  the  car  was  in  the  barn  and  the  motors  were  cooling. 
In  addition  to  the  temperature  measurements,  other  readings  were 
taken,  from  which  the  root  mean  square  current  in  the  motors, 
which  determines  the  heating,  could  be  found.  The  curves  in  Fig. 
2  shows  the  results  obtained  in  a  test  with  the  motor  car  only. 
Those  in  Fig.  3  show  the  corresponding  results  where  a  trailer  was 
hauled  for  the  two  trips  noted. 

It  will  be  seen  from  Fig.  2,  that  the  temperature  of  the  motors 
at  the  start  was  about  25  degrees,  on  account  of  their  not  having 


FJG.   4 — CURVES   SHOWING  SMALL  CURRENT  REQUIRED  FOR  HIGH   SPEED  INTERURBAN 
CAR    WHEN    CAREFULLY   HANDLED 

had  time  to  cool  off  thoroughly  from  their  service  of  the  day  before. 
During  the  first  eight  hours,  the  temperature  rose  gradually  until 
it  reached  a  value  of  approximately  75  degrees  C.  at  which  it  re- 
mained practically  constant  until  the  car  was  turned  in  for  the  night. 
It  will  be  seen  also,  that  with  the  exception  of  a  regular  difference 
between  the  outbound  and  inbound  trips,  due  to  the  lay  of  the  land, 
the  loads  of  the  motors  as  shown  by  the  root  mean  square  current 
were  remarkably  uniform. 

Referring  now'to  Fig.  3,  we  find  that  the  addition  of  the  trailer 
for  the  one  trip  in  the  morning,  when  the  motors  were  fairly  cool, 
merely  caused  the  temperature  to  rise  somewhat  more  rapidly  than 
in  Fig.  2,  without  causing  it  to  reach  any  higher  value.  But  in 
the  afternoon,  when  the  motors  had  reached  the  constant  tempera- 
ture at  which  thev  would  otherwise  have  remained,  the  addition  of 
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the  trailer  for  the  short  space  of  about  an  hour  and  three-quarters 
raised  the  temperature  from  approximately  75  degrees  to  practically 
100  degrees.  Most  of  this  increase  took  place  on  the  heavy  outbound 
trip  during  the  latter  half  of  the  time  A  motor,  having  once  reached 
a  high  temperature,  retains  its  heat  for  a  long  time,  and  even  with 
the  trailer  removed  and  the  motors  working  again  at  their  normal 
loads,  a  period  of  approximately  two  and  one-half  hours  was  re- 
quired for  the  motors  to  cool  down  again  to  their  normal  running 
temperature  of  75  degrees  C.  Had  the  trailer  been  retained  for 
another  round  trip,  it  is  evident  that  a  much  higher  temperature 
would  have  been  reached  and  a  nmch  longer  period  required  to 
cool  again.     Even  as  it  was,  a  temperature  of  practically   100  de- 
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North  Jersey  Transit  Company. 

grees  C.  was  reached  on  a  cool  October  day  with  an  air  tempera- 
ture of  15  degrees  C.  This  means  that  on  a  hot  summer  day  the 
temperature  of  the  motors  would  have  been  dangerously  close  to 
the  softening  point  of  ordinary  solder. 

The  variation  in  the  loads  on  the  motors  with  and  without  the 
trailer  are  shown  by  the  curve  of  root  mean  square  current.  It 
should  be  noted  that  the  load  on  the  motors  for  the  two  inbound 
trips  with  the  trailer  was  approximately  15  and  5  percent,  and  that 
for  the  two  outbound  trips  18  and  50  percent,  greater  respectively 
than  the  greatest  load  on  any  trip  in  the  same  direction  with  the 
motor  car  only. 

In  addition  to  its  etTect  on  the  motor  equipments,  the  use  of 
trailers    for   rush   hour   service   has    several   disadvantages    from  a 
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transportation  department  standpoint.  The  most  important  of 
these  is  the  matter  of  speed.  Handicapped  already  in  making  time 
and  maintaining  the  schedule,  on  account  of  the  greater  number  of 
stops  which  usually  must  be  made,  the  heavy  trips,  where  trailers 
are  employed,  are  delayed  still  further  by  the  reduction  in  speed, 
due  to  the  added  weight.  The  inability  of  a  trailer  to  move  by 
itself  also  causes  delays  in  picking  it  up,  dropping  it,  and  in  shift- 
ing or  running  around  it  at  stub  end  terminals. 

Although  their  use  for  local  traffic  is  attended  by  the  various 
disadvantages  noted  above,  trailers   may   be    employed,    with    very 
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good  results,  for  certain  other  classes  of  service.  It  has  already 
been  pointed  out  from  Fig.  3  that  although  the  addition  of  the 
trailer  for  the  morning  trip  when  the  motors  Avere  fairly  cool,  caused 
the  temperature  to  rise  more  rapidly,  than  it  would  otherwise  have 
done,  the  value  actually  reached  was  not  abnormal.  From  the 
general  shape  of  the  curve,  moreover,  it  is  evident  that  the  trailer 
might  even  have  been  retained  for  a  second  round  trip,  without 
causing  the  motors  to  exceed  their  ordinary  normal  maximum  of 
75  degrees  C.  and,  had  the  trailer  been  attached  when  the  car  first 
left  the  barn  in  the  morning,  it  might  easily  have  been  hauled  for 
three  round  trips,  without  causing  as  high  a  temperature  as  by  haul- 
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ing  it  for  only  one  round  trip  after  the  motors  had  become  warm. 
Thus,  by  taking  advantage  of  the  thermal  capacity  of  the  motors, 
attaching  trailers  only  to  motor  cars  which  have  been  out  of  ser- 
vice for  five  or  six  hours,  and  leaving  them  attached  for  only  a  lim- 
ited number  of  trips,  extra  capacity  for  special  occasions  can  some- 
times be  obtained,  without  overheating  the  motors.  In  certain 
classes  of  service  also,  the  extra  load  which  would  ordinarily  be  im- 
posed on  the  motors  by  the  addition  of  a  trailer,  can  be  compensa- 
ted for  by  a  reduction  in  the  number  of  stops. 

In  the  electrification  of  a  branch  line  of  a  certain  steam  rail- 
road, the  equipment  was  designed  with  the  idea  that  as  a  rule  motor 
cars  only  would  be  used.     These  were  intended  to  make  flag  stops 


¥^^^^f^^ 


THREE    CAR    MULTIPLE    TRAIN     WITH     TWO    SINGLE-PHASE     MOTOR    CARS 

Baltimore  &  Annapolis  Short  Line. 

about  one  mile  apart.  It  was  realized,  however,  that  on  certain 
special  trips  extra  crowds  would  have  to  be  handled.  It  was  plan- 
ned on  such  occasions  to  have  each  motor  car  haul  a  trailer,  but 
when  doing  this  to  have  it  stop  only  at  the  original  steam  railroad 
stations,  which  averaged  about  2.25  miles  apart.  By  this  reduction 
in  the  number  of  stops,  the  motor  cars  were  able  to  haul  the  trailers 
for  any  desired  number  of  trips,  to  make  the  same  schedule  speed 
as  when  running  alone,  to  impose  less  load  on  the  motors,  and  still 
to  have  even  more  margin  for  making  up  time. 

The  many  improvements  in  motors  and  control  during  the  last 
few  years  have  an  important  bearing  on  trailer  operation.  Inter- 
pole  motors  should  not  be  deliberately  overloaded  any  more  than 
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the  older  types,  but  their  superior  conimutating  abihty  and  the  heaf 
proof  character  of  their  insulation  enables  greater  advantage  to  be 
taken  of  their  thermal  capacity  than  was  ever  before  possible.  So, 
too,  the  use  of  hand-operated  unit  switch  control  permits  this  to  be 
done  safely,  and  the  full  power  of  the  motors  to  be  utilized  without 
the  risk  of  "blowing  up"  the  controllers.  Even  with  trailers  at 
their  best,  however,  the  multiple-unit  train  offers  many  advantages. 
Since  both  cars  are  able  to  move  independently,  the  making  up 
or  separating  of  trains  can  be  done  with  a  minimum  of  shifting. 
At  stub  end  terminals  there  is  no  need  for  any  change  in  the  rela- 
tion of  the  cars,  for  either  may  be  used  as  the  leading  car.  If  the 
motors  have  been  properly  applied  in  the  beginning,  no  question  of 
overloading  them  need  be  considered  in  making  up  trains,  since  the 
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Chicago,  Lake  Short  &  South  I'.end  Railway. 
weight  handled  per  motor  remains  constant,  regardless  of  the  nuiii- 
ber  of  cars.  On  account  of  this  uniform  loading,  motors  can  be  ap- 
plied to  the  cars  more  efficiently,  both  as  to  size  and  gear  ratio,  than 
if  trailer  operation  had  to  be  provided  for,  and  smaller  motors, 
geared  for  lower  speed,  can  be  used  for  a  given  car,  and  a  given 
schedule.  All  cars  can  be  alike,  so  that  a  less  number  of  spares 
will  give  equal  margin  for  emergencies.  On  account  of  the  ease 
with  which  two-car  trains  can  be  made  u])  when  necessary,  smaller 
cars  can  be  employed  and  cheaper  operation  thus  secured. 

In  view  of  these  and  many  other  advantages,  for  handling  vary- 
ing crowds  and  still  maintaining  a  close  schedule,  the  employment 
of  trailers,  even  under  favorable  circumstances,  seems  a  mere  make- 
shift when  compared  to  the  use  of  the  multiple-unit  trains. 


BRAKING    ELECTRICALLY   PROPELLED  VEHICLES 

W.  V.  TURNER 
Chief  Engineer,  Westinghouse  Air  Brake  Company 

BOTH  necessity  and  economy  led  to  the  adoption  of  some  form 
of  power  brake  for  power  propelled  vehicles.  Necessity, 
because  to  stop  short  under  certain  contingencies  is  impera- 
ative,  and  economy,  because  to  save  time  in  making  a  stop  is  to 
make  possible  the  earning  of  more  money,  and  also,  because  to  re- 
move the  wear  of  brake  shoes  occasioned  by  the  motorman  keep- 
ing the  hand  brake  taut  and  to  prevent  the  extra  power  consump- 
tion required  by  the  dragging  brake  shoes,  is  to  save  money.  The 
two  together  total  a  very  large  amount.  One  of  our  best  known 
consulting  engineers,  who  has  made  exhaustive  investigations,  in- 
formed me  recently  that  he  would  be  entirely  satisfied  with  an  in- 
come equal  to  what  he  could  save  from  these  two  causes  on  one 
railway  in  New  York  City. 

The  power  brake  which,  so  far,  has  been  the  most  practicable 
and  efficient  is  the  one  actuated  by  compressed  air,  the  fluid  pressure 
being  transformed  into  a  mechanical  force  through  a  brake  cylin- 
der, piston,  levers,  and  rods  to  brake  shoes  which  eventually  dissi- 
pate the  energy  stored  in  the  moving  vehicles,  and  bring  them  to  a 
standstill.  Where  grades  are  concerned,  the  retarding  force  de- 
veloped prevents  the  accumulation  of  energy  due  to  gravity,  and 
controls  the  vehicle  to  the  desired  or  safe  speed  limit. 

STRAIGHT    AIR    BIL\KES 

The  relative  merits  of  a  purely  straight  air  type  of  brake  as 
contrasted  with  the  automatic  principles  of  operation  may  be  dis- 
missed in  a  word  by  the  statement  that  outside  of  the  item  of  ex- 
pense any  brake  not  embodying  the  automatic  principles  is  not 
worthy  of  serious  consideration.  We  are  dealing  with  the  question 
as  engineers,  not  as  financiers.  Hence  we  may  pass  directly  to  the 
consideration  of  the  simplest  form  of  power  brake  comprising  an 
adequate  automatic  protection  against  a  loss  of  the  brake  from 
causes  unknown  to  tbe  n  an  running  the  car. 

.STRAKIHT  AIR  BRAKK   WITH    ArTOMATIC   EMERGENCY    FEATURES 

The  straight  air  brake  with  automatic  features  is  designed  to 
meet  the  requirements  of  a  strictly  city  <ir  interurban  service  where 
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the  speeds  are  moderate,  the  stops  frequent  and  the  conditions  re- 
quire single  car  operation  normally  and  trailer  services  of  two-car 
trains  intermittently.  For  such  operation,  certain  features  of  the 
straight  air  form  of  brake  control  possess  distinct  advantages,  chief 
among  which  are  simplicity  of  construction  and  ease  of  manipula- 
tion. 

For  single  car  operation  only,  it  is  often  stated  that  the  simplest 
form  of  straight  air  brake  is  the  most  satisfactory.  But  conditions 
often  arise,  especially  where  two  or  more  cars  are  run  together  as 
a  train,  when  it  becomes  necessary  to  provide  some  protection  in 
the  brake  apparatus  itself,  whereby  in  case  of  a  burst  hose  or  rup- 
tured pipe  the  brakes  will  be  applied  and  caused  to  remain  applied, 
instead  of  permitting  the  entire  loss  of  braking  power  on  the 
vehicle,  as  would  be  the  result  in  such  a  case  with  a  straight  air 
brake  only.  This  protection  may  be  secured  without  dispensing 
with  any  of  the  advantageous  features  of  straight  air  operation  by 
the  use  of  the  emergency  valve  in  connection  with  a  brake  pipe  or 
emergency  line  in  which  pressure  is  normally  maintained.  This  valve 
is  inoperative  during  ordinary  straight  air  service  operation,  which  is 
secured  by  means  of  the  brake  valve  in  the  usual  way,  and  dififers  in 
no  essential  features  from  the  service  operation  of  any  ordinary 
straight  air  system.  But  in  the  case  of  the  bursting  of  the  air  hose 
or  piping,  or  an  emergency  application  made  by  the  motorman,  the 
sudden  reduction  of  pressure  in  the  brake  pipe  or  emergency  line 
thus  brought  about  causes  the  emergency  valve  to  operate  in  a 
manner  similar  to  a  triple  valve,  viz.,  the  exhaust  from  the  brake 
cylinder  to  the  atmosphere  is  automatically  closed,  and  the  com- 
munication from  the  air  storage  reservoirs  to  the  brake  cylinder  is 
opened,  thus  applying  the  brakes  with  full  power  and  holding  them 
applied. 

The  highest  form  of  the  semi-automatic  brake  equipments  is 
differentiated  from  the  others  in  that  it  provides  for  uniform  pump 
labor  when  two  motor  cars  are  coupled  together,  since  the  air  used 
in  the  brake  cylinders  is  drawn  directly  from  the  reservoirs  of  the 
car  to  which  it  is  attached,  the  brake  is  released  directly  on  its  own 
car,  the  brake  cylinder  pressure  is  maintained  against  leakage  and, 
most  important,  a  higher  braking  power  is  obtained  in  emergency 
than  can  be  obtained  in  service,  thus  making  it  possible  for  the 
motorman  to  stop  his  car  quicker  than  originally  intended  if  an 
emergency  should  arise.  This,  it  will  be  seen,  increases  the  safety 
factor  ip  no  small  degree. 
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The  experience  of  some  six  or  eight  years,  together  with  the 
above  statement  of  facts,  constitutes  at  once  the  recognition  and 
proof  of  the  sweeping  statement  made  at  the  beginning  of  this  paper. 
But,  as  hinted  before,  the  Hmits  of  the  straight  air  method  of  apply- 
ing and  releasing  the  brakes  are  exceeded  when  more  than  two  cars 
come  to  be  hauled  in  the  same  train.  Following  the  same  process 
of  development  as  in  steam  railroad  brakes,  it  soon  became  recog- 
nized that  for  trains  of  more  than  two  cars,  prompt  and  uniform 
service  application  and  release  action  could  be  secured  only  by  the 
use  of  a  triple  valve;  that  is  to  say,  of  the  automatic  principles  in 
service  as  well  as  emergency  operations. 

AUTOMATIC  AIR  BRAKE  EQUIPMENT 

This  equipment  is  designed  to  meet  the  requirements  of  a  high 
class,  interurban  service  where  trains  of  from  one  to  five  cars  are 
operated  in  towns  at  slow  speeds  and  with  frequent  stops,  but  are 
subject  to  high  speeds  and  more  or  less  long  distance  runs  outside 
these  centers.  For  such  a  service,  an  automatic  brake  system  is 
essential  in  order  to  insure  the  proper  operation  of  the  brakes  in 
service,  and  to  secure  the  necessary  protection  in  cases  of  emer- 
gency, damage  to  piping  system,  brake-in-twos  and  the  like.  These 
conditions  require  a  triple  valve  on  each  car  of  the  "plain"  type; 
that  is,  one  which  will  operate  in  response  to  variations  in  brake 
pipe  pressure,  and  shall  have  no  quick  action  feature.  The  latter 
is  not  only  unnecessary  on  account  of  the  short  length  of  train  but 
would  do  more  harm  than  good  when  attempting  to  handle  single 
or  two-car  trains. 

In  addition  to  these  two  essential  requirements,  provision 
should  be  made  for  a  quick  recharging  of  the  auxiliary  reser- 
voirs when  a  release  is  made  in  order  to  insure  prompt  and  certain 
response  of  the  brakes  to  reduction  in  brake  pipe  pressure  whenever 
circumstances  may  require  rapid  successive  brake  applications ;  for 
a  quick  action  of  the  brakes  from  car  to  car  in  service  to  produce 
rapid  and  definite  application  of  all  the  brakes  in  the  train;  for  a 
graduated  release  as  well  as  graduated  applications  of  the  brakes 
in  order  that  the  motorman  may  control  his  train  smoothly  and 
accurately  and  in  the  most  efficient  way ;  and  for  a  quickly  obtained 
emergency  brake  materially  higher  than  the  maximum  possible  in  a 
full  service  application  so  that  a  powerful  reserve  braking  power 
may  be  available  when  the  shortest  possible  stop  becomes  impera- 
tive. 
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In  a  common  form  of  installation,  two  pipe  lines  are  used,  ex- 
tending throughout  the  length  of  the  train.  One,  the  brake  pipe, 
corresponds  to  the  single  pipe  of  the  old  standard  automatic  brake 
system,  as  used  in  steam  road  service.  By  means  of  this  brake 
pipe,  the  motorman  is  able  to  apply  and  release  the  brakes  and  re- 
charge the  auxiliary  reservoirs.  The  other,  the  control  pipe,  serves 
to  connect  the  main  reservoirs  through  the  feed  valve  on  each  car 
from  one  end  of  the  train  to  the  other  to  the  brake  valve.  It  also 
supplies  air  to  the  triple  valve  on  each  car  to  assist  in  obtaining  a 
graduated  release  of  the  brakes,  a  quick  recharging  of  the  auxiliary 
reservoirs,  and  a  high  brake  cylinder  pressure  in  emergency  appli- 
cations. The  control  pipe  also  provides  a  means  for  drawing  equally 
upon  the  different  air  compressors  so  as  to  prevent  the  detrimen- 
tal over-working  of  any  one  compressor. 

On  other  installations  the  control  pipe  is  replaced  by  a  main 
reservoir  pipe  conveying  main  reservoir  pressure  from  car  to  car 
to  a  single  feed  valve  supplying  the  operating  brake  valve.  Addi- 
tional or  supplementary  reservoirs  are  then  provided  on  each  car 
to  afford  the  reserve  supply  of  air  required  for  graduating  the 
release,  quickly  recharging  the  auxiliary  reservoirs  and  obtaining 
a  high  brake  cylinder  pressure  in  emergency  applications.  The 
overworking  of  one  or  more  of  the  air  compressors  in  the  train  at 
the  expense  of  the  others  is  prevented  by  the  governor  synchroniz- 
ing system,  to  be  described  further  on. 

There  still  remains,  where  single  car  service  is  more  or  less 
frequent,  the  fact  that: — (i)  with  only  one  brake  equipment  on  a 
car,  the  failure  of  any  part  of  that  apparatus  may  cause  inconven- 
ience and  delay  or  render  it  impossible  to  operate  the  car  over  the 
road,  no  matter  whether  the  car  is  equipped  with  the  straight  air 
or  automatic  brake,  and  (2)  the  automatic  brake  on  a  single  car 
requires  more  skill,  experience  and  judgment  for  smooth  and  accu- 
rate handling  than  does  the  straight  air  brake. 

There  was  a  time  when  both  these  considerations,  while  recog- 
nized, had  to  be  overlooked  and  allowed  to  work  themselves  out 
on  the  road  as  best  they  might  on  account  of  the  ruling  considera- 
tion of  speed  and  the  necessity  for  hauling  the  same  car,  sometimes 
alone,  sometimes  in  trains  up  to  four  or  five  cars  in  length.  There 
also  come  times  when  the  human  factor  in  the  equation  preponder- 
ates over  the  most  carefully  designed  apparatus.  All  of  these  con- 
siderations led  to  the  development  of  an  equipment  which  should 
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combine  all  the  advantageous  features  of  the  automatic  and  of  the 
straight  air  types  of  l)rakes  without  their  hitherto  objectionable 
features 

THE   COMBINED   AUTOMATIC   AND   STRxVlGHT   AIR   TRACTION 
BRAKE    EQUIPMENT 

The  combined  automatic  and  straight  air  form  of  traction 
brake  equipment  has  now  been  in  service  more  than  three  years 
with  increasingly  satisfactory  results.  While  primarily  intended 
for  service  where  cars  are  operated  singly  most  of  the  time,  with 
occasional  two  or  three  car  trains,  this  equipment  is  equally  adapt- 
able to  trains  of  any  number  of  cars.  It  is  especially 
adaptable  to  service  such  as  is  required  of  light  electric 
locomotives,  or  motor  cars,  used  for  handling  freight  cars, 
switching,  etc.,  as  the  facilities  for  quick  and  flexible  operation  of 
the  brakes  by  straight  air  and  the  ease  of  immediately  changing  to 
automatic  operation  when  coupled  to  cars,  are  not  to  be  found  in 
any  other  form  of  equipment. 

Briefly  stated,  the  advantageous  features  afforded  by  this 
equipment  are : — 

I — Flexibility  and  promptness  of  a  straight  air  operation  providing  u 
brake  easy  to  manipulate,  quick  and  uniform  in  response,  thereby 
saving  much  time  in  making  stops. 

c — .'Ml  the  features  of  straight  air  and,  in  addition,  an  automatic  brake 
for  safety. 

3— Both  straight  air  and  automatic  operations  by  movement  of  one 
brake  valve  handle. 

4 — Both  straight  air  and  automatic  operation  without  interference  with 
or  sacrificing  any  of  the  normal  functions  of  either. 

5 — \  "straight-air-in-emergency"  feature  through  the  brake  valve  to 
brake  cylinder,  thus  insuring  a  maximum  and  maintained  brake 
pressure  at  the  time  most  needed,  regardless  of  the  condition 
of  the  triple  valve. 

6 — Especially  adapted  to  cars  used  in  switching  service  or  for  occa- 
sionally handling  freight  or  other  cars  equipped  with  automatic 
brakes. 

7 — Both  brakes  must  fail  before  the  brake  is  lost. 

It  will  be  observed  that  the  factor  of  safety  in  train  operation 
is  very  greatly  increased  when  using  an  equipment  of  this  type, 
since  it  is  quite  improbable  that  both  the  automatic  and  straight  air 
sides  of  the  equipment  should  become  inoperative  at  the  same  time. 

QUICK   ACTION   AUTOMATIC  AIR   BR.\KE   EQUIPMENT 

The  types  of  brakes  described  thus  far  are  capable  of  satisfy- 
ing all  the  conditions  of  operation  in  the  ordinary  city,  suburban, 
or  interurban  electric  roads.     The  elevated  and  subwav  service  of 
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large  cities,  however,  introduces  requirements  of  an  entirely  differ- 
ent and  still  more  exacting  character.  These  may  be  classified, 
according  to  their  origin,  as  arising  from  a  constantly  increasing 
insistence  upon  higher  scheduled  speeds ;  longer  trains ;  shorter 
and  quicker  stops ;  smoother  and  more  accurate  stops ;  highest  pos- 
sible protection  against  delays  to  traffic,  and  the  commendable  de- 
sire to  utilize  every  possible  means  of  increasing  the  earnings,  of 
which  high  grade  brake  equipment  is  one  of  the  chief  requirements. 

It  follows  from  the  above  that  to  the  operative  features  of  the 
equipments  previously  mentioned  there  must  be  added  : — i — -the 
ability  to  transmit  quick  action  rapidly  through  the  train  in  emer- 
gency application;  2 — the  obtaining  of  as  high  a  brake  cylinder 
pressure  in  emergency  as  the  equipment  can  be  designed  to  give 
and,  3 — the  obtaining  of  the  quick  action  application  of  the  brakes 
with  maximum  cylinder  pressure  at  whatever  time  occasion  for  the 
same  may  arise,  without  regard  to  previous  manipulation,  and  also 
when  the  brake  pipe  pressure  has  been  depleted  for  any  reason  be- 
yond a  predetermined  danger  point.  The  addition  of  these  fea- 
tures makes  it  still  more  necessary  to  keep  the  margin  between  full 
service  and  emergency  braking  power  as  wide  as  possible,  thus  pro- 
tecting the  brake  against  emergency  action  when  the  brake  pipe  re- 
duction is  continued  beyond  that  necessary  for  full  service  applica- 
tion of  the  brakes  unless  such  over-reduction  is  carried  below  the 
danger  point. 

The  triple  valve  used  with  this  equipment  is  of  the  "pipeless" 
type.  That  is,  all  pipe  connections  are  made  permanently  to 
the  cylinder  head  of  the  brake  to  which  the  triple  valve  is  bolted, 
thus  requiring  only  the  loosening  of  four  or  five  bolts  in  removing 
and  replacing  the  triple  valves.  In  addition  to  the  ordinary  func- 
tions of  all  quick  action  triple  valves,  this  valve  includes  the  follow- 
ing improved  features  of  operation. 

I — Quick  service. 

2 — Quick  recharge  of  auxiliary  reservoir. 

3 — Graduated  release  of  the  brakes. 

4 — Predetermined  and  fixed  margin  between  full  service  and  quick 
action. 

5 — High  brake  cylinder  pressure. 

6 — Ability  to  obtain  emergency  cylinder  pressure  and  quick  action  at 
any  time,  regardless  of  previous  manipulation. 

7 — Automatic  quick  action  and  emergency  pressure  below  a  prede- 
termined danger  point. 

A  safety  valve  on  the  triple  valve  serves  to  prevent  the  obtain- 
ing of  undesirably  high  brake  cylinder  pressure   during  ordinary 
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service  operations  where  high  speed  brake  pressure  is  carried. 
When  an  emergency  application  of  the  brake  is  made,  however,  this 
safety  valve  is  automatically  cut  out  and  the  high  pressure  obtained 
in  emergency  is  held  without  being  reduced,  thus  affording  a  maxi- 
mum retarding  power  throughout  the  entire  stop.  Either  a  con- 
trol line  or  supplementary  reservoir,  as  explained  above,  may  be 
used  in  addition  to  the  usual  auxiliary  reservoir  for  the  purpose  of 
securing  a  graduated  release  of  the  brakes,  to  assist  in  recharging 
the  system  and  to  secure  high  cylinder  pressure  in  emergency  appli- 
cations. 

This  equipment  is  the  highest  development  of  the  purely  pneu- 
matic brake  and  possesses,  to  as  high  a  degree  as  is  possible  with 
such  a  system,  those  features  of  safety  and  economy  so  necessary 
to  the  successful  operation  of  modern  electric  train  service.  One 
further  step  and  the  highest  development  in  the  art  of  train  brake 
control  is  reached. 

THE    ELECTRO-PNEUMATIC    BRAKE    EQUIPMENT 

For  the  handling  of  a  large  amount  of  traffic  in  the  most  ex- 
peditious, economical  and  safe  manner  possible,  the  electro-pneu- 
matic system  possesses  superior  advantages  which  make  it  as  nearly 
an  ideal  system  as  has  yet  been  evolved.  Since  all  the  improve- 
ments have  been  accomplished  by  the  addition  of  electric  control  to 
the  service  and  emergency  functions  of  the  quick  action  automatic 
brake,  it  follows  that  the  capabilities  of  the  brake  as  a  dividend 
earning  investment  are  thereby  still  further  extended. 

The  curves  in  Figs,  i  to  5  illustrate  graphically  what  is  meant. 
These  curves  represent  comparative  service  and  emergency  stops 
made  from  a  speed  of  40  miles  per  hour,  with  a  ten-car  train 
equipped  with  the  electro-pneumatic  brake  and  an  eight-car  train 
equipped  with  the  old  style  quick  action  brake.  Curves  /  and  II 
in  each  case,  illustrate  the  relative  drop  in  speed  as  the  stopping 
point  is  being  reached.  Curves  ///  and  IV  show  the  relative  per- 
centage of  braking  power  developed. 

Service  Stops — Fig.  i  shows  that  at  the  time  the  ten-car  train 
equipped  with  the  electro-pneumatic  brakes  has  stopped,  the  eight- 
car  train  equipped  with  the  old  style  quick  action  brake  is  still  mov- 
ing at  a  speed  of  25  miles  per  hour.  This  is  62.5  percent  of  its 
initial  speed,  and  about  39  percent  of  the  energy  originally  stored 
in  the  train  at  40  miles  per  hour  still  remains  to  be  overcome  before 
it  can  be  brought  to  a  standstill. 
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Fig.  2  represents  the  completion  of  the  stop  in  each  case. 
With  the  electro-pneumatic  brake,  a  graduated  release  was  made 
so  as  to  prevent  the  retardation  becoming  excessive  toward  the  end 
of  the  stop.  The  same  thing  was  tried  on  a  train  equipped  with  the 
high  speed  brake  but  could  be  only  partially  accomplished  by  mak- 
ing a  release  first  and  then  a  re-application.  The  great  difference  in 
rate  of  obtaining  braking  power  is  strongly  contrasted  by  curves 
///  and  IV  of  this  chart.  These  curves  are  plotted  on  a  time  base 
to  give  a  more  direct  representation  of  the  time  saved  and  economic 
factor  of  the  electro-pneumatic  brake  equipment  as  compared 
with  the  old  standard  quick  action  brake.     It  will  be  seen  that  with 
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FIG.    I — SERVICE    STOP 

Showing  that  at  the  time  the  ten-car  train,  with  electro-pneumatic 
brake  has  come  to  a  stop,  the  eight-car  train,  with  old-style  quick  action 
brake,  is  still  moving  at  a  speed  of  25  miles  per  hour  (62.5  percent  of  its 
initial  speed),  about  39  percent  of  its  original  energy  still  remaining  to 
be  overcome  before  it  can  be  brnuglit  to  a  standstill. 

the  ordinary  manipulation  characteristic  of  the  two  types  of  equip- 
ments there  is  a  saving  of  20  seconds  in  time  in  favor  of  the  electro- 
pneumatic  equipment.  This  shortening  in  the  time  of  stop  means 
that  power  may  be  shut  off  sooner  and  the  train  allowed  to  drift  for 
a  considerably  longer  time  before  applying  the  brakes  and  making 
the  stop  at  the  same  point.  In  the  case  illustrated,  this  additional 
drifting  time  was  about  11  seconds. 


AIR  BRAKES  FOR  ELECTRIC  VEHICLES 


913 


For  the  same  power  consumption,  the  electro-pneumatic  brake 
makes  it  possible  to  maintain  higher  average  speeds,  shorter  sched- 
ules and  an  increased  traffic  capacity  with  the  same  number  of 
cars  or  the  same  traffic  capacity  with  fewer  cars,  or  enables  the 
same  average  speeds,  schedules  and  capacity  of  road  to  be  main- 
tained as  with  a  purely  pneumatic  brake  but  at  the  expenditure 
of  less  power. 

Emergency  Stops — Figs.  3,  4,  and  5  show  similar  curves  for 
comparative  emergency  stops  with  the  two  equipments.  Fig.  3 
represents  the  electro-pneumatic  train  stopped  at  the  350  foot 
mark  (within  two-thirds  of  its  own  length)  and  the  old  style  quick 
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FIG.  2 — SERVICE   STOP 

Representing  comparative  stops  from  a  speed  of  40  miles  per  hour 
made  with  a  typical  service  application  of  the  brakes  in  each  case.  These 
curves  are  plotted  on  a  time  base  to  permit  of  more  directly  representing 
the  time  saved  and  eco7iomy  factor  of  the  electro-pneumatic  equipment  as 
compared  with  the  old  standard  quick  action  brake.  With  the  ordinary, 
average  manipulation  characteristic  of  the  two  types  of  equipment,  there 
is  a  saving  of  20  seconds  in  time  of  stop  in  favor  of  the  electro-pneumatic 
equipment. 


action  train  pas.^ing  it  at  a  speed  of  28.3  miles  per  hour.  This 
is  71  percent  of  its  original  speed  and  corresponds  to  50  percent 
of  the  energy  originally  stored  up  in  the  train,  which  still  remains 
to  be  overcome  before  the  train  can  finallv  come  to  rest.     It  will 
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further  be  noted  that  the  train  equipped  with  the  old  style  quick 
action  brakes,  reaches  the  350  foot  mark  four  seconds  before  the 
electro-pneumatic  train  comes  to  a  standstill  at  this  same  point. 

Fig.  4  represents  the  status  of  affairs  a  little  further  along. 
From  this  chart  it  will  be  seen  that  at  the  time  the  electro-pneumatic 
equipment  train  comes  to  a  standstill,  the  old  style  quick  action 
train  has  run  140  feet  farther  and  is  still  moving  at  a  speed  of  20.2 
miles  per  hour,  representing  25.5  percent  original  energy. 

Fig.  5  represents  a  complete  stop  with  both  equipments. 
These  curves  are  plotted  on  a  distance  basis  to  compare  the 
length  of  stop  and  relative  speed  factor  of  the  equipments.       It 
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FIG.  3 — EMERGENCY  STOP 

Representing  the  electro-pneumatic  train  stopped  at  the  350-foot 
mark  (within  two-thirds  of  its  own  length),  and  the  old-style  quick 
action  train  passing  it  at  a  speed  of  28.3  miles  per  hour  (71  percent 
of  its  initial  speed),  at  which  point  50  percent  of  its  original  energy  still 
remains  to  be  overcome  before  the  train  comes  to  a  standstill.  It  will  be 
noted  that  curve  I  reaches  the  350  foot  mark  four  seconds  before  curve  II 
reaches  the  same  point. 


will  be  seen  that  the  stop  with  a  ten-car  train,  electro-pneumatic 
brake,  is  made  in  300  feet  less  distance  than  with  the  eight-car 
train,  having  the  old  style  quick  action  brake. 

The  electro-pneumatic  brake  system  adds  to  the  pneumatically 
operated  brake  of  the  highest  type,  certain    advantageous    features 
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otherwise  impossible  of  attainment,  namely:  simultaneous  and  uni- 
form response  of  all  the  brakes  in  the  train,  which  means  the  ability 
to  obtain  perfect  results  with  the  least  skill  and  experience,  re- 
gardless of  the  length  of  train ;  double  protection  against  delays 
to  traffic,  due  to  brake  failure,  since  the  pneumatic  brake  is  always 
in  reserve  ready  for  use,  if  required;  maximum  efficiency  and  safety 
due  to  simultaneous  operation  of  all  the  brakes  in  the  train,  in 
both  service  and  emergency  application  and  a  perfect  flexibility  of 
manipulation;  economy  in  air  consumption,  and  maintainance  of 
brake  cylinder  pressure  at  will. 

Briefly  stated,  this  equipment  consists  of  a  quick  action,  quick 


FIG.  4 — EMERGENCY  STOP 

Showing  that  at  the  time  the  electro-pneumatic  equipment  train  comes 
to  a  standstill,  the  old-style  quick-action  train  has  run  140  feet  farther 
and  is  still  moving  at  a  speed  of  20.2  miles  per  hour,  representing  25.5 
percent  of  its  original  energj-. 

re-charge,  quick  service  graduated  release  automatic  air  brake  with 
30  percent  higher  pressure  in  emergency  application,  combined  with 
electrically  controlled  means  of  simultaneously  admitting  air  di- 
rectly to  or  releasing  it  directly  from  the  brake  cylinders  without 
any  movement  of  the  triple  valves.  Means  have  also  been  provided 
whereby  an  absolutely  simultaneous  movement  of  the  triple  valves 
of  the  train  to  emergency  position  is  obtained  by  the  use  of  elec- 
tricity. 
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In  view  of  the  unique  position  occupied  by  the  electro-pneu- 
matic brake  equipment  as  an  ideal  system  capable  of  extension  and 
adaptation  to  almost  any  kind  of  service,  whether  on  electric  trac- 
tion or  steam  railroad  lines,  it  may  not  be  amiss  to  describe  the 
general  characteristic  features  and  methods  of  accomplishing  the 
desired  results  as  already  outlined.  Compressed  air  is  supplied 
to  the  brake  system  through  the  brake  valve,  at  the  operating  end 
of  the  train,,  from  the  main  reservoir  pipe  which  extends  throughout 
the  length  of  the  train.  All  of  the  reservoirs  are  directly  connected 
to  the  main  reservoir  pipe. 
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FIG.   5 — EMERGENCY   STOP 

Representing  comparative  stops  from  a  speed  of  40  miles  per  hour 
with  an  emergency  application  of  the  brake.  These  curves  are  plotted  on 
a  distance  base  to  compare  the  length  of  stop  and  relative  safety  factor 
of  the  two  equipments.  The  stop  with  the  ten-car  train,  with  electro- 
pneumatic  brake,  is  made  in  300  feet  shorter  distance  than  with  the  eight- 
car  train  with  old-style  quick-action  brake. 

Pneumatic  Control  of  Automatic  Brakes — The  automatic  brake 
valve,  in  so  far  as  its  pneumatic  operations  are  concerned,  is  quite 
similar  to  the  brake  valves  used  at  present  with  standard  pneumatic 
equipments.  The  full  release  position  is  done  away  with  and  the 
motorman  is  thereby  prevented  from  willfully  or  carelessly  over- 
charging the  brake  pipe  in  order  to  insure  prompt  and  sensitive 
action  on  the  part  of  the  brake  apparatus  where  brake  applications 
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are  required  in  quick  succession.  The  upper  portion  of  the  brake 
valve  contains  an  electric  switch  portion,  controlling  the  operation 
of  the  electric  portion  of  the  brake  system.  The  feed  valve  attached 
to  the  base  of  the  brake  valve  is  adjusted  to  maintain  the  brake 
pipe  pressure  at  70  pounds  per  square  inch  while  the  brakes  are  not 
being  operated.  The  quick  action  portion  of  the  triple  valve  is  re- 
placed by  a  somewhat  similar  combination  of  parts  designed  to 
vent  air  from  the  reserve  supply  carried  for  this  purpose  in  the 
supplementary  reservoir  directly  into  the  brake  cylinder,  when  the 
brake  parts  are  moved  to  their  emergency  position.  This  produces 
a  very  quick  rise  in  brake  cylinder  pressure.  Provision  is  made 
for  the  quick  recharge  of  both  supplementary  and  auxiliary  reser- 
voirs to  permit  of  quickly  replacing  any  air  used  in  pneumatic  ap- 
plication. 

Since  the  quick  action  feature  of  the  brake  is  separate  from 
the  triple  valve  and  since  the  supply  of  air  for  obtaining  high  emer- 
gency pressure  is  separate  from  that  used  during  ordinary  service 
manipulations  of  the  brake,  it  follows  that  both  the  propagation  of 
quick  action  through  the  train  and  high  emergency  pressure  can  be 
obtained  without  regard  to  what  electric  or  pneumatic  manipulation 
has  previously  been  made.  The  quick  action  feature  of  this  equip- 
ment is  contained  in  a  device  which  is  separate  from  the  triple  valve 
and  connected  to  the  brake  pipe.  It  consists  essentially  of  a  duplex 
piston  with  valve  attached  and  a  small  reservoir  and  chamber  suit- 
ably proportioned  so  that  when  the  parts  are  in  their  normal  posi- 
tion, with  reservoir  and  chamber  charged,  the  pressure  in  the  reser- 
voir wnll  fall  with  that  of  the  brake  pipe,  so  long  as  the  rate  of  fall 
in  brake  pipe  pressure  does  not  exceed  that  required  for  the  service 
application  of  the  brakes.  When  the  rate  of  brake  pipe  reduction 
exceeds  that  of  the  ordinary  service  application,  the  fall  of  brake 
pipe  pressure  and  that  in  the  upper  chamber  of  the  device  is  then 
more  rapid  than  that  at  which  the  lower  chamber  can  reduce. 
The  difference  of  pressure  thus  set  upon  the  two  sides  of  the 
duplex  piston  causes  it  to  move  over  into  a  position  which  opens 
direct  communication  from  the  brake  pipe  to  the  atmosphere.  This 
causes  a  local  vent  of  air  with  great  rapidity.  Provision  is  made  in 
the  device  to  close  the  vent  to  the  atmosphere  after  the  quick  action 
has  taken  place,  so  as  not  to  prevent  the  recharging  of  the  brake 
pipe  and  release  of  the  brakes  following  a  quick  action  application. 
The  great  advantage  of  this  vent  valve  for  propagating  quick  action, 
as  compared  with  a  similar  action  of  the  triple  valve,  lies  in  the  fact 
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that  the  service  and  quick  action  (emergency)  operations  of  the 
brake  system  are  entirely  separate  and  independent.  This  prac- 
tically eliminates  the  possibility  of  obtaining  undesired  quick  action, 
which  is  difficult  to  prevent  with  any  degree  of  certainty  where  the 
service  and  the  quick  action  operations  of  the  apparatus  are  con- 
trolled from  the  same  piston  and  slide  valve. 

In  whatever  way  a  rapid  fall  of  brake  pipe  pressure  is  pro- 
duced, be  it  by  movement  of  the  brake  valve,  the  operation  of  trip 
cocks  or  the  conductor's  valve,  the  piston  in  the  vent  valve  will 
instantly  vent  air  from  the  brake  pipe  to  the  atmosphere  through 
a  very  large  opening  and  positively  insures  the  propagation  of  quick 
action  throughout  the  train,  however  long  it  may  be. 

The  only  feature  of  the  old  brake  equipment  which  has  been 
sacrificed  in  this  arrangement,  which  admits  of  propagating  quick 
action  throughout  the  train  irrespective  of  the  pressure  in  the  brake 
cylinder,  is  the  venting  of  brake  pipe  pressure  into  the  brake  cylind- 
ers. It  will  be  appreciated,  however,  that  with  the  large  sizes  of 
brake  cylinders  employed,  i.  e.,  12  and  14  inches,  the  gain  in  cyl- 
inder pressure  over  that  of  service  application  by  venting  the 
brake  pipe  in  this  way  is  very  small,  and  this  is  much  more  than 
compensated  for  by  venting  the  air  in  the  supplementary  reservoir 
into  the  brake  cylinder  in  emergency  application  whereby  a  brake 
cylinder  pressure  within  four  or  five  pounds  of  the  brake  pipe 
pressure  carried  can  be  obtained. 

Electric  Control  of  Brakes — For  the  operation  of  this  portion 
of  the  electro-pneumatic  brake  system  the  source  of  current  may  be 
from  trolley  or  from  a  battery  or  other  source  of  supply  local  to 
each  car.  The  contacts  in  the  electric  portion  of  the  brake 
valve  already  referred  to  are  in  reality  nothing  more  than  small 
controller  points  or  switches,  controlling  the  circuits  to  magnets 
governing  the  service  application  and  release  and  emergency  portion 
of  the  brakes.  With  the  pneumatic  portion  of  the  brake  in  normal 
or  running  position,  the  electric  control  of  the  brakes  is  accom- 
plished by  the  aid  of  two  magnets  with  poppet  valves  attached, 
governing  the  flow  of  air  into  and  out  of  the  brake  cylinder  direct 
or  through  the  release  port  of  the  triple  valve  according  to  the 
conditions  of  installation. 

The  release  magnet  may  be  designed  so  that  the  release  port 
is  open  only  when  the  magnet  is  energized,  or  so  that  current  is 
required  in  order  to  close  the  release  magnet.     Which  method  i^ 
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to  be  preferred  can  only  be  determined  by  a  study  of  the  operating 
conditions.  In  either  case,  while  running  over  the  road  the  exhaust 
magnet  is  holding  the  release  valve  open  so  that  the  brake  cylinder 
is  in  direct  communication  with  the  atmosphere.  In  making  a  ser- 
vice application  of  the  brakes  the  exhaust  valve  is  closed  and  the 
application  magnet  is  energized  to  open  the  application  valve.  The 
flow  of  air  from  the  source  of  supply  to  the  brake  cylinder  is  con- 
trolled primarily  by  a  relay  valve  of  ample  capacity,  which,  in 
turn,  is  caused  to  operate  by  the  action  of  the  application  magnet 
valve.  This  does  away  with  the  necessity  for  the  very  powerful 
magnet  which  would  be  required  to  operate  a  large  enough  valve  to 
supply  air  to  the  larger  sizes  of  brake  cylinders  at  a  sufficiently 
rapid  rate  to  give  satisfactory  service  operation. 

The  relay  valve  referred  to  is  acted  upon  by  a  spring  so  that 
when  the  brake  cylinder  pressure  has  been  built  up  to  within  20 
pounds  of  that  in  the  auxiliary  reservoir  it  automatically  closes. 
This  valve,  therefore,  limits  the  pressure  obtainable  in  electric  ser- 
vice  application  to  approximately  20  pounds  below  the  normal 
brake  pipe  pressure,  thereby  incurring  the  valuable  feature  of  in- 
creased braking  power  in  emergency  applications  over  and  above 
that  obtainable  in  full  service  applications  and  this  without  the 
aid  of  any  additional  device,  such  as  a  safety  valve.  After  being 
raised  to  any  amount  up  to  the  maximum  contemplated  in  the  de- 
sign, the  brake  cylinder  pressure  can  be  maintained  as  long  as  de- 
sired by  moving  the  brake  valve  handle  back  to  electric  lap  posi- 
tion, which  leaves  the  release  magnet  undisturbed  but  de-energizes 
the  application  magnet,  allowing  it  to  close  and  prevent  further 
flow  of  air  into  the  brake  cylinder.  A  further  application  of  the 
brake  or  a  release  can  then  be  made  by  moving  the  brake  valve 
handle  either  to  electric  application  or  to  release  position,  which 
either  causes  more  air  to  flow  to  the  brake  cylinder,  as  described 
above,  or  operates  the  release  magnet  valve  so  as  to  permit  the 
air  in  the  brake  cylinder  to  escape  to  the  atmosphere.  If  when 
making  a  release,  the  brake  valve  handle  is  returned  from  release 
to  electric  lap  position,  the  release  magnet  will  again  be  actuated  so 
as  to  close  the  brake  cylinder  exhaust.  In  this  way  the  brakes  can 
be  graduated  ofif  in  any  desired  number  of  steps  or  graduations. 

During  the  electric  operation  of  the  brake,  the  feed  port  of 
the  brake  valve  is  open  and  the  communication  between  feed  valve 
and   brake   valve   is   maintained.      Consequently,    the   air   which   is 
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drawn  from  the  auxiliary  reservoir  for  use  in  the  brake  cyhnders 
is  continuously  replaced  from  the  brake  pipe,  which  is  in  turn  kept 
fully  recharged  through  the  feed  valve.  Should  the  motorman 
thoughtlessly  continue  the  movement  of  the  brake  valve  handle 
beyond  electric  application  position,  the  brakes  will  continue  to 
apply  up  to  their  predetermined  maximum  pressure  until  the 
handle  is  moved  so  far  that  a  pneumatic  application  is  begun. 
That  is  to  say,  the  motorman  cannot  go  beyond  the  point  at  which 
an  electric  application  will  cease  to  be  made  until  after  he  has 
come  into  a  position  in  which  a  pneumatic  application  is  commenced. 
There  is  thus  no  possibility  of  a  careless  motorman  failing  to  obtain 
an  application  of  the  brakes  or  losing  an  application  already  ob- 
tained electrically  on  account  of  moving  the  brake  valve  handle 
too  far. 

Electric  Emergency  Applications — Conditions  on  the  New- 
York  Interborough  (Subway  Division)  and  elsewhere  have  become 
so  severe  as  to  warrant  extension  of  electric  control  to  the  quick 
action  and  emergency  operation  of  the  brakes.  In  so  doing  an  ab- 
solutely simultaneous  and  instantaneous  application  of  the  brakes  is 
obtained  throughout  the  train.  This  is  accomplished  by  simply  add- 
ing an  emergency  finger  to  the  brake  valve,  an  emergency  wire 
running  throughout  the  train  and  an  emergency  magnet  witli  its 
valve  controlling  a  port  leading  from  the  face  of  the  triple  valve 
piston  direct  to  the  atmophere.  In  order  that  an  emergency  appli- 
cation originating  from  the  trip  or  conductor's  valve,  burst  hose, 
etc.,  may  be  propagated  electrically  as  well  as  when  an  emergency 
application  is  made  by  the  motorman  moving  the  brake 
valve  handle,  each  brake  pipe  vent  valve  already  referred 
to  is  provided  with  contacts  whereby  the  operation  of 
any  vent  valve  in  the  train  will  energize  the  emergency 
magnets  in  the  same  manner  as  when  the  brake  valve  handle  is 
moved  to  emergency  position.  The  only  advantage  of  the  electrical 
transmission  lies  in  the  saving  of  time  as  compared  with  the  pneu- 
matic propagation  of  the  quick  action,  but  where  time  is  an  import- 
ant factor,  as  in  subway  or  elevated  service  this  apparently  slight 
saving  of  about  two  seconds  may  have  an  immediate  and  important 
bearing  on  the  economic  operation  of  the  road  and  its  total  carrying 
capacity. 

The  characteristics  of  electric  operation  make  it  possible  to 
obtain   initial   brake   cylinder  pressure  much   more   promptly   rmd 
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build  this  brake  cylinder  pressure  up  at  very  much  faster  rate  than 
can  be  permitted  with  a  purely  pneumatic  control.  This  is  because 
the  application  of  the  brakes  pneumatically  must  necessarily  be 
slow  enough  to  avoid  the  shocks,  uneven  braking,  sliding  of  wheels, 
etc.,  that  is  likely  to  follow  where  any  considerable  difit'erei.ce  in 
rate  of  retardation  can  occur  in  different  parts  of  the  same  train. 
When  the  brakes  cannot  be  applied  simultaneously  and  uniformly 
(as  is  viherently  impossible  with  a  purely  pneumatic  control),  it 
is  necessary  to  slow  down  the  time  and  rate  of  brake  application  so 
as  to  avoid  the  troubles  mentioned  above.  When  the  applicatici 
of  the  brake  can  be  made  both  simultaeous  in  starting  to  apply  and 
uniform  in  rate  of  building  up  brake  cylinder  pressures,  a  vc-y  much 
quicker  rate  of  application  can  be  utilized  without  danger  of  trouble 
from  non-uniformity  of  retardation  on  different  vehicles.  This  ex- 
plains why  the  electric  service  brake  can  be  made  so  much  more 
effective  than  a  brake  controlled  only  pneumatically  and  further 
explains  why  at  this  point  it  became  imperative  to  add  increased 
power  to  the  emergency  portion  of  the  pneumatic  brake.  This 
follows  logically  from  the  fact  that  if  the  pneumatic  emergency 
brake  is  less  powerful  than  the  maximum  possible  with  the  electro- 
pneumatic  service  brake,  the  result  would  be  a  better  service  brake 
when  operating  the  electric  servic  control  than  could  be  obtained 
in  emergency  pneumatic,  which  must  necessarily  be  the  final  re- 
sort in  case  of  unforseen  failure  or  accidents.  The  degree  to  which 
this  increase  in  emergency  braking  power  over  service  braking 
power  can  be  carried  is  now  limited  only  by  main  reservoir  pres- 
sure, as  it  is  possible  to  obtain  practically  full  main  reservoir  pressure 
in  the  brake  cylinders  when  an  emergency  application  is  made,  even 
though  only  70  pounds  brake  pipe  pressure  is  carried. 

There  is  one  other  system  which  differs  fundamentally  from 
the  one  just  described  and,  therefore,  warrants  a  brief  reference. 
This  fundamental  difference  lies  rather  in  the  means  adopted  for 
combining  the  electric  control  with  the  pneumatic  portion  of  the 
brake  system  than  in  any  difference  in  principle  or  manipulation. 
With  the  system  above  referred  to,  the  supply  of  air  operating 
the  brakes  electrically  is  drawn  from  the  auxiliary  reservoir,  the 
triple  valve  piston  and  parts  remaining  in  their  normal  or  release 
position.  The  brake  pipe,  and,  therefore,  the  auxiliary  reservoirs 
are  then  being  constantly  recharged  through  the  feed  valve  during 
electric  service  operation.     For  certain  combinations  it  has  been 
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found  preferable  to  make  the  application  magnet  vent  air  from  the 
brake  pipe  to  the  brake  cylinder,  thus  causing  a  brake  pipe  reduc- 
tion and  a  movement  of  the  triple  valve  piston  and  slide  valve  to 
their  service  positions  just  as  would  be  the  case  with  any  pneumatic 
service  brake  pipe  reduction.  In  emergency  applications  the  air 
is  vented  from  the  brake  pipe  to  the  atmosphere,  thus  causing  all 
the  triple  valve  pistons  to  move  simultaneously  and  instantaneously 
to  their  emergency  positions.  The  release  magnet  controls  the 
release  of  air  from  the  brake  cylinder  in  the  ordinary  way. 

The  electrically  controlled  brake  therefore  possesses  superior 
features  which  are  particularly  noteworthy  whether  they  are  con- 
sidered from  the  standpoint  of  the  time  saved,  the  increased  traffic 
made  possible,  or  the  safety  insured.  At  the  present  time,  this 
type  of  equipment  appears  to  be  the  acme  of  the  braking  art,  but 
as  past  experience  has  always  shown,  the  same  time  which  brings 
about  changes  in  operating  conditions  is  also  sure  to  develop  new 
and  more  efficient  means  for  meeting  new  requirements. 

GOVERNOR    SYNCHRONIZING    SYSTEM    FOR    INSURING    UNIFORM 
DISTRIBUTION   OF   PUMP   LABOR 

This  system  has  been  perfected  during  the  last  three  years 
and  is  the  most  satisfactory  and  efficient  apparatus  for  the  purpose 
yet  devised.  Heretofore,  in  the  operation  of  electric  trains  more 
or  less  difficulty  has  been  experienced  in  securing  an  equitable  di- 
vision of  work  among  the  different  motor-driven  air  compressors 
in  the  train.  The  result  has  been  that  some  compressors  are 
overworked,  while  others  are  not  working  up  to  their  full  capa- 
city. Such  an  inequality  of  compressor  operation  naturally  re- 
sults in  increased  wear  and  tear  on  the  overworked  compressors 
as  well  as  an  actual  decrease  in  the  available  air  supply  under  cer- 
tain conditions,  due  to  the  attendant  loss  in  efficiency  of  compressor 
operation. 

Briefly  stated,  the  characteristic  features  of  the  governor 
synchronizing  system  are  as  follows : — The  current  supply  to  the 
motor  of  each  compressor  in  a  train  is  controlled  by  a  switch 
operated  by  air  pressure  substantially  as  in  the  ordinary  form  of 
electro-pneumatic  governor  previously  used.  The  difference  is  that 
in  addition  to  the  compressor  switch,  a  pneumatically  controlled 
switch  called  a  "master  governor"  is  used  on  each  motor  car,  simi- 
lar in  all  respects  to  the  previously  used  electro-pneumatic  com- 
pressor governor,  except  that    instead    of    controlling   the    current 
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supplied  to  the  compressor  motors,  it  acts  simply  as  a  pilot  or 
master  switch  to  control  the  magnets  which  operate  the  compressor 
switches.  The  magnets  of  the  compressor  switches  are  connected  in 
parallel  between  a  wire,  called  the  synchronizing  wire  which  runs 
the  entire  length  of  the  train  and  ground  or  negative  battery  termi- 
nal. The  cutting  in  of  any  master  governor  connects  the  trolley  or 
positive  battery  terminal  through  resistance  to  the  synchronizing 
wire,  which,  in  turn,  energizes  all  the  compressor  switch  magnets, 
thereby  operating  the  compressor  switches.  All  .the  main  reservoirs 
in  the  train  are  connected  by  means  of  a  main  reservoir  pipe 
line  running  the  entire  length  of  the  train  and  connecting 
the  pneumatic  controlling  portion  of  each  master  governor. 
With  all  the  compressors  cut  out,  the  pressure  in  this  line 
becomes  equalized.  As  soon  as  this  pressure  is  decreased 
to  the  point  at  which  any  one  of  the  master  controlling 
mechanisms  operates,  the  closing  of  the  master  governor  switch 
supplies  current  to  the  magnets  of  each  compressor  switch  in  the 
train,  causing  all  of  the  compressors  to  operate  simultaneously. 
Whether  one  or  more  of  the  master  governors  cut  in  at  the  same 
time  is  immaterial,  since  the  cutting  in  of  a  single  master  governor 
is  sufficient  to  start  all  the  compressors.  They  will  then  continue 
to  operate  and  raise  the  pressure  in  the  main  reservoirs  on  each 
vehicle,  and  in  the  main  reservoir  line  throughout  the  train,  until 
the  controlling  portion  of  the  last  master  governor  operates  to  open 
the  circuit  to  the  compressor  switch  magnets,  which  causes  all  the 
compressor  switches  to  cut  out.  In  this  way  all  the  compressors 
are  forced  to  operate  the  same  length  of  time  and  since  the  main 
reservoir  pressure  is  equalized  on  all  vehicles,  the  stronger  com- 
pressors help  the  weaker  ones,  thus  insuring  the  necessary  amount 
of  compressed  air  with  a  minimum  amount  of  energy,  time,  and 
wear  and  tear  on  the  apparatus. 

CONCLUSION 

The  problems  of  retardation  and  the  flexible  control  of  trains 
must  receive  more  and  more  attention  from  a  scientific  and  techni- 
cal standpoint  in  order  that  theory  and  practice  may  be  combined 
to  produce  the  best  results  in  the  shortest  time.  This  is  necessary 
if  the  brake  is  efficiently  and  satisfactorily  to  meet  the  wonderfully 
changed  conditions  which  have  developed  since  the  invention  of 
the  quick  action  automatic  brake.    The  exacting  demands  of  th^ 
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present  day  require  that  advantage  be  taken  of  every  opportunity 
offered  to  increase  and  flexibly  control  braking  power. 

Starting  and  stopping  of  trains  are  complementary  factors  in 
the  problem  of  making  time  between  stations ;  therefore,  it  is  evi- 
dent that  the  best  results  can  only  be  obtained  where  both  factors 
are  given  due  consideration.  In  one  sense,  the  question  of  stop- 
ping is  the  more  important,  as  the  safety  of  the  service  and  the  free- 
dom from  delays  to  a  great  degree  depend  upon  it.  The  measure  of 
the  value  of  the  brake  is  two-fold :  i — the  ability  to  stop  in  the 
shortest  possible  distance  when  necessary;  and,  2 — to  permit  short, 
smooth  and  accurate  stops  being  made  in  regular  operation.  There- 
fore, both  these  factors  should  be  considered  when  design  is  under 
way.  Unfortunately,  the  brake  is  usually  looked  upon  as  a  safety 
device  only,  and  it  is  because  of  the  prevalence  of  this  idea  that  its 
installation  and  maintenance  do  not  receive  the  consideration 
merited.  Considering  the  investment,  there  is  no  part  of  the  rail- 
way equipment  that  will  give  greater  material  returns  than  the  brake 
when  properly  installed,  operated  and  maintained. 


THE     STEAM     TURBINE      FOR     FUTURE    WORK 

ITS  QUALIFICATIONS  AND  SPECIFICATIONS* 

EDWIN  D.   DREYFUS 
Commercial  Engineer    The   Westinghouse  Machine  Co. 

THROUGH  the  signal  attainments  and  expansion  of  the  past 
decade,  the  steam  turbine  has  come  to  be  regarded  as  the 
foremost  type  of  prime  mover  in  power  plant  practice  to- 
day. The  increasing  volume  of  turbine  work,  reaching  upward  of 
twenty  million  horse-power  in  the  short  time  elapsed  since 
its  advent,  truly  establishes  its  permanency  in  relation  to  our 
economic  power  problems.  It  seems,  therefore,  that  only 
some  marked  revolution  in  the  engineering  art  could  subvert 
the  supremacy  of  the  steam  turbine,  and  if  coming  events  forecast 
their  shadows,  it  is  fitting  that,  for  the  immediate  future  at  least, 
this  type  of  engine  should  preferably  be  installed  in  modern  sta- 
tions. There  may,  of  course,  be  conditions  or  circumstances  which 
might  preclude  the  steam  turbine,  such  as  availability  of  water 
power,  or  absence  of  cheap  fuel  delivery. 

Rudimentary  facts  of  turbine  design  and  development  deserve 
small  space  in  a  current  turbine  article,  but  a  definition  of  the 
primal  elements,  determined  by  experience,  upon  which  the  choice 
of  designs  should  be  founded  is  quite  important. 

CAPACITIES 

For  electrical  supply,  the  turbine  has  become  commercially 
available  in  sizes  ranging  from  a  fraction  of  a  kilowatt  to  30000 
kilowatts  in  a  single  unit.  Thus,  from  the  diminutive  locomotive 
head-lighter  to  the  gigantic  engine  now  demanded  by  the  metro- 
politan service  stations,  all  requirements  within  these  limits  for  the 
generation  of  electricity  from  steam  may  be  fulfilled  by  the  turbine 
to  the  highest  degree  of  satisfaction.  This  type  of  prime  mover, 
free  from  heavy  reciprocating  parts,  reversal  shocks  and  vibrations, 
is  not  encumbered  by  the  restrictions  that  have  made  its  predecessor, 
the  piston  engine,  unfeasible  for  many  applications  which  are  to-day 
being  completely  satisfied  by  the  rotating  type.  It  was  the  turbine 
that  made  it  possible  to  develop  high  powers  on  shafts  of  reason- 
able diameters,  thus  providing  for  the  designs  of  the  large  Cunard 
liners,  Mauretania  and  Lusitania,  and  later  mammoth  vessels. 

*A  paper  read  before  the  Indiana  Electric  Light  Association,  South  Bend, 
Indiana,  August  24,  191 1. 
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In  steam  turbine  work  the  designing  engineer  has  fortunately 
been  in  a  position  to  elect  from  two  well  known  methods  of  heat 
energy  abstraction,  commonly  designated  as  the  impulse  and  re- 
action principles.*  The  problems  of  applying  these  principles  to 
the  greatest  mechanical  and  economical  advantage  in  turbine  de- 
sign vary  according  to  the  magnitude  and  importance  of  the  service. 
Accordingly,  turbines  naturally  classify  themselves  with  regard  to 
capacities  as  follows  : — 

Small  steam  turbines,  under  300  kw,  necessarily  assume 
an  elementary  form— a  simple  impulse  wheel — compatible,  however, 
with  the  efficiencies  established  by  good  practice. 

Units  of  moderate  size  from  300  to  i  500  kw  or  somewhat 
above,  must  possess  high  efficiencies,  and  also  sustaining  qualities, 
as  the  extent  of  operation  grows  in  importance.  These  requisites 
naturally  suggest  the  reaction  type. 

Large  machines  must  embody  the  best  features  of  the  preced- 
ing class,  but  at  the  same  time  any  involved  construction,  due  to  the 
magnitude  of  forces  and  proportion  of  parts,  must  be  avoided  and 
these  considerations  prompt  the  consolidation  of  the  two  principles. 
A  noteworthy  innovation  in  turbine  design  appeared  several  years 
ago  in  the  form  of  an  effective  combination  of  the  two  types,  tech- 
nically termed  a  combined  action  and  reaction  turbine.  It  has, 
however,  became  most  familiar  to  the  electric  power  station  through 
the  characteristic  double  flow  design,  which  is  used  in  the  high 
powered  units. 

VARIED    APPLICATION 

In  view  of  increasing  problems  confronting  power  engineers 
and  central  station  companies,  it  is  most  opportune  that  the  steam 
turbine  admits  of  an  extremely  wide  deviation  from  usual  working 
conditions.  Many  commodities  which  but  a  few  years  ago  were 
luxuries  are  at  present  every  day  necessities,  and  thus  it  becomes 
the  duty  of  the  public  service  company  to  distribute  economically  to 
consumers  light  and  pozver  primarily,  and  also  heat  in  some  cases. 

The  diversity  of  service  requirements  has  evolved  several  dis- 
tinct constructions  meeting  these  various  operating  conditions 
whose  characteristics  and  uses  are  designated  respectively,  complete 
expansion,  low  pressure,  non-condensing  and  bleeder  turbines. 

*Whilc  in  all  practically  built  turbines  these  two  principles  occur  con- 
jointly in  the  development  and  absorption  of  velocity  energy,  in  either 
case  the  one  predominates  over  the  other,  wherefore  they  are  ordinarily  dis- 
tinguished. 
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Complete  Expansion  Turbines — The  complete  expansion  tur- 
bines essentially  rank  first  owing  to  the  predominance  of  their  use. 
As  identified  by  name,  these  turbines  receive  steam  at  the  highest 
steam  pressures  and  temperatures  (superheat),  expanding  it  con- 
tinuously to  the  highest  vacua.  Where  high  boiler  pressures  (or- 
dinarily above  175  lbs.  gauge)  are  used,  but  a  small  part  of  the 
turbine  is  required  to  withstand  the  accompanying  stresses,  as  high 
pressures  are  confined  within  small  nozzle  blocks.  With  the  piston 
engine,  on  the  other  hand,  the  high  pressure  cylinder  must  safely 
accommodate  these  forces.  Turbine  design  involves  no  rubbing 
surfaces  so  that  lubrication  under  high  temperatures,  requiring 
special  valve  and  packing  design  and  lubricants,  is  no  longer 
a  factor. 

The  profitable  use  of  moderately  high  vacua  is  another  com- 
mendable feature  of  the  turbine  and  is  readily  accomplished  with- 
out impractical  or  uncommercial  proportion  of  parts  such  as  would 
become  necessary  with  the  low  pressure  cylinder  of  the  piston 
engine  for  such  vacua.  Therefore,  higher  heat  efficiencies  obtain 
with  the  turbine,  contributing,  of  course,  toward  a  lower  cost  of 
production,  a  requisite  not  only  from  increasing  competition  and 
public  demand,  but  also  from  the  more  ethical  standpoint  of  con- 
servation. 

Low  Pressure  Turbines — Low  pressure  turbines  at  present 
hold  a  position  second  to  that  of  the  complete  expansion  type,  since 
they  are  capable  of  receiving  steam  at  the  pressure  at  which  a  piston 
engine*  would  exhaust  the  steam  after  expanding  it  throughout  its 
economical  range  of  operation  (boiler  pressure  to  atmasphere),  and 
completing  the  expansion  to  high  vacua  with  the  same  degree  of 
efficiency;  that  is,  briefly  stated,  extracting  an  equal  amount  of  effi- 
fective  energy  from  the  steam,  or  more  tersely,  doubling  the  output 
of  a  non-condensing  reciprocating  engin'e  plant  without  increased 
coal  consumption.  Considering  a  reconstructed  condensing  engine 
plant,  the  absolute  improvement  will  usually  be  from  10  to  50  per- 
cent or  more  according  to  degree  of  economy  in  effect  prior  to  in- 
cluding the  low  pressure  turbine.  This  valuable  property  of  the 
turbine  is  therefore  vitally  important  to  stations  operating  recipro- 
cating engines,  on  the  following  counts : — 


•'And  other  sources   of   atmospheric   steam   supply. 
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f  a — Iniels 
-Reducing      npiratiiig  \    b — Oil 
expenses 


1    c — Labor 
I  d- 


3 — Improving  tlie  service. 


-Repairs 

[   a — By   re-instating    the    utility    of    the    en- 
gines,    thus     preserving    their     existing 
2— Advancing   the    value   I  rated  worth 

of  plant  investment.  ,      .    .        . 

b — By   obtaining  increased   capacity  at  the 
[_        lowest  possible  unit  cost 

a — By  simplifying  operation  and  reducing 
the  condensers  ordinarily  used;  or  for 
former  non-condensing  plants  by  pro- 
viding  a    good    source   of    boiler    feed. 

b — In  securing  better  cyclical  regulation,  an 
inherent  quality  of  the  turbine 

c — Placing  least  taxation  on  boiler  plant 
through  the  small  rise  in  water  con- 
L         sumption   on   overloads. 

Here  the  salient  facts  only,  pertaining  to  the  low  pressure  tur- 
bine work  are  enumerated.  The  engineering  features  which  may 
surround  the  installation  of  low  pressure  turbines  assume  various 
forms  based  upon  plant  conditions  and  methods  of  operation,  and 
thus  introduce  different  provisions : — 

a — Without    governor — electrically    controlled    through     synchronizing 

force  of  generators, 
b — Governor  control  with  auxiliary  live  steam   admission. 
c — Interlinking  turbine  and  belted  engines  through  synchronous  motors. 
d — Automatic  by-passing  of  low  pressure  steam  to  condenser, 
e — Use  of  a  reserve  high  pressure  element, 
f — Heat  regenerators,  accumulators  and  storage  systems. 

These  divisions  summarize  the  extent  of  low  pressure  turbine 
engineering,  and  this  subject  in  itself  has  hitherto  proven  worthy  of 
many  deliberate  expositions. 

Non-Condensing  Turbines — Considered  as  a  main  generating 
unit  the  non-condensing  turbine  has  correspondingly  found  a  field 
of  usefulness  but,  to  a  limited  extent,  however,  as  compared  with 
the  other  types  heretofore  described.*  The  proper  sphere  for  the 
non-condensing  design  is  where  exhaust  steam  is  used  abundantly. 
Where  heat  supply  becomes  an  important  element  of  public  utility 
service  or  of  industrial  plant  operation,  a  strictly  non-condensing 
unit  or  perhaps  a  certain  small  number  of  such  units  may  be  recom- 
mended, providing  the  electrical  load  drops  oft"  in  the  warm  w-eather 
months  in  a  fair  proportion  to  the  heating  demand  occasioned  in 
winter. 

Some  criticism  may  be  directed  against  the  use  of  large  non- 
condensing  steam  turbines  by  those  prejudiced  in  favor  of  the  pis- 


*Extensively  used  for  auxiliary  service,  however. 
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ton  engine.  With  recent  advance  in  turbine  design  it  is  now  most 
difficult  to  show  cause  for  the  reciprocating  engine  on  the  basis 
that  it  consumes  less  steam  when  operating  with  atmospheric  ex- 
haust or  higher  back  pressure ;  in  fact,  any  difference  in  service  due 
to  wear  may  easily  fall  to  the  credit  of  the  turbine.  Results  ob- 
tained with  a  drum-type  Parsons  turbine  with  seven  pounds  back 
pressure  compared  with  an  engine  in  excellent  order  show  a  dis- 
parity of  scarcely  five  percent  at  full  rating.  This  difference  van- 
ishes on  loads  less  than  one-half  of  full  load,  the  fact  being  borne 
in  mind  that  with  mal-adjustments  and  leakages  of  valves  and  pis- 
tons the  steam  engine  may  not  be  constantly  maintained  under  these 
so-termed  test  conditions. 

Moreover,  a  well  designed  turbine  should  not  perceptibly  de- 
teriorate in  operation,  and  impartial  tests  confirm  this  fact.  But 
let  it  be  remembered  that  there  is  a  saving  in  oil,  labor,  and  invest- 
ment with  the  turbine,  and  a  considerable  reduction  in  mainte- 
nance expense  of  the  distributing  mains  as  a  result  of  the  entire 
freedom  from  oil.  which  will  greatly  overshadow  the  slightly  better 
fuel  economy  of  the  piston  engine.  And,  inasmuch  as  the  exhaust 
is  fed  to  heating  mains,  the  somewhat  greater  consumption  of  the 
turbine  may  in  no  sense  represent  a  disadvantage,  but  on  the  con- 
trary may  prove  most  advantageous. 

Automatic  Bleeder  Turbines — Bleeder  turbines  owe  their  ex- 
istence to  the  necessity  of  a  mixed  lighting  and  heating  supply  from 
a  central  power  station.  AMiile  in  some  plants,  chiefly  large  ones, 
the  complete  expansion  turbines  and  the  non-condensing  type  may 
be  successfully  co-ordinated  to  produce  the  highest  economies  in 
all  directions,  both  the  moderate  and  small  sized  stations,  with  a> 
dissimilar  flunctuation  of  light  and  heat  loads  throughout  the  day, 
month  and  year,  would  find  it  virtually  impossible  to  regulate  their 
equipment  for  constantly  attaining  the  most  efficient  results.  It 
would,  moreover,  probably  call  for  a  greater  station  investment  to 
provide  adequate  flexil)iHty. 

In  ciimpdund  condensing  engine  stations,  it  has  been  a  very 
gent-ral  ])racticc'  in  cases  of  this  kind  to  draw  steam  from  the 
receiver,  this  Ijeing  practicable  at  all  loads  with  engines  having  cut- 
offs on  the  high  and  low  pressure  cylinders  operating  in  parallel. 
Jn  earl\  turbine  designs  an  improved  expedient  was  followed  to  a 
partial  extent  by  tapping  steam  from  a  given  stage  in  which  the 
pressure  under  any  reasonable  load  would  not  fall  below  that  main- 
tained in  the  heating  system,  thus  guarding  against  any  interfer- 
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ence  with  the  supply  or  service.  This  method  of  operation  was 
accompanied  by  two  disadvantages : — First,  only  a  limited  low 
pressure  steam  supply  was  available  through  this  means  since,  on 
light  loads,  the  pressure  in  the  turbine  may  fall  below  that  in  the 
heating  system,  and  secondly,  a  pressure  reducing  valve  was  nec- 
essarily introduced  between  the  turbine  and  the  heating  system, 
which  produced  a  loss  in  throttling  the  steam. 

Such  diversified  requirements  in  joint  heat  and  electrical  de- 
mand directed  the  attention  of  the  turbine  engineer  to  an  important 
and  increasing  problem,  viz.,  that  of  devising  a  method  by  which 
both  the  heating  and  electrical  supply  would  be  automatically  and 
economically  delivered  in  accordance  with  the  demands  of  the  re- 
spective systems.  The  most  effective  and  dependable  solution  has 
been  the  location  of  a  pressure  controlled  valve  between  the  high 
and  low  pressure  sections  of  the  turbine,  automatically  diverting  to 
the  heating  system  the  exact  amount  of  steam  required  and  at  pre- 
cisely the  predetermined  presure. 

This  design  is  commercially  designated  as  the  automatic  bleeder 
turbine  and  in  moderate  capacities  promises  an  interesting  issue  in 
the  new  era  of  utility  service. 

Through  the  employment  of  a  special  constant  pressure  valve 
between  a  system  of  reciprocating  engines  and  a  low  pressure 
turbine  an  exactly  similar  function  to  the  bleeder  turbine  is  secured, 
which  deserves  careful  thought  in  the  extension  of  the  older  plants 
containing  steam  engines. 

DIVERSIFIED    SERVICE 

As  is  well  known,  electric  power  production  has  created  a  de- 
mand for  the  turbine  far  in  excess  of  all  other  stationary  uses  com- 
bined, and  manifestly  for  two  reasons,  first,  the  turbine  is  pre- 
eminently high  speed,  its  general  adoption  being  realized  through 
the  successful  development  of  high  speed  and  direct  coupled  gener- 
ators, and  second,  the  significant  growth  of  electricity  as  a  modern 
convenience. 

Lighting,  being  the  greater  necessity,  has  brought  the  higher 
frequency  (60  cycle)  units  forward  in  moderate  size  stations. 
Large  plants  with  a  heavy  direct-current  load  and  rotary  sub- 
stations mainly  employ  25  cycles.  Railway  and  general  power 
apparatus  has  therefore  operated  at  25  cycles,  with  occasional  ex- 
ceptions of  15  cycle  or  direct-current  generation,  it  being  under- 
stood that  as  a  rule  direct-current  for  railways  is  obtained  through 
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rotary  converters.  The  partial  classification,  including  chiefly  60 
and  25  cycle  service,  comes  within  the  realm  of  compatible  speeds 
of  both  the  turbine  and  generator.  Lower  speeds  necessitated  by 
15  cycle  and  direct-current  work  compel  a  compromise  of  the 
efficiency  and  the  mechanical  structure  of  the  two  elements. 

Through  improvements  in  design  and  manufacture,  large  re- 
duction gears  have  become  feasible  for  interpolating  between  the 
most  desirable  speeds  of  the  turbine  and  generator  respectively. 
However,  direct  coupled  generating  units  of  about  300  kw  and 
under  are  being  suitably  fitted  to  the  needs  of  excitation  sets  and 
similar  direct-current  service,  where  the  current  is  small  and  high 
economy  is  not  essential.  Centrifugal  boiler  feed  pumps  for  plants 
of  about  2000  boiler  horse-power,  ranging  in  size  from  15  to  100 
brake  horse-power  establish  another  class  wherein  direct  connec- 
tion of  the  turbine  proves  commercially  practicable.  The  wisdom 
of  immediately  gearing  the  turbine  to  large  direct-current  gener- 
ators and  centrifugal  pumps,  screw  propellers  in  marine  practice, 
and  other  slow  speed  applications,  has  now  been  fairly  decided  by 
the  successful  large,  flexible  gear,  giving  rise  to  unrestricted  lati- 
tude in  design  of  the  component  parts  with  respect  to  each  other. 
A  single  reduction  gear  or  else  a  train  of  gears  has  also  brought 
rolling  mill  requirements  within  the  bounds  of  the  steam  turbine. 
These  illustrations  accentuate  the  diversity  of  uses  to  which  the 
turbine  may  be  applied;  in  general,  therefore,  it  is  to  be  reasonably 
inferred  that  this  type  of  power  unit  will  largely  prevail  in  our 
modern  institututions. 

MECHANICAL     CONSTRUCTION 

There  are,  probably  many  engineers  who  are  as  yet  not  familiar 
with  the  practical  fundamentals  in  turbine  engineering,  and  reason- 
ably so  since  the  turbine  is  still  young  and  their  experience  pertains 
mainly  to  the  piston  type  of  engine.  Obviously,  the  problems  in 
the  design  of  reciprocating  engines  dififer  widely  from  those  in 
turbine  design.  Reversal  shocks  and  strains  and  static  forces  make 
it  imperative  that  the  connecting  rods,  pins,  crank  discs  and  other 
workin  parts  be  of  very  heavy  construction  in  relation  to  the"  power 
transmitted.  Turbines,  on  the  other  hand,  absorb  the  energy  in  the 
steam  dynamically,  in  many  progressive  steps  with  high  "material" 
speed,  but  owing  to  the  small  masses,  the  unit  stresses  in  the  various 
parts  are  comparatively  low,  notwithstanding  the  greater  centrifugal 
forces.  As  an  illustration,  the  holding  strength  of  the  blades  in  the 
best  Parsons  designs  is  40  times  the  forces  tending  to  dislodge 
them  in  normal  operation. 
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An  obstacle  in  early  turbine  construction  was  tbe  involved 
cylinder  design  wbich  militated  against  uniformity  in  expansion 
and  contraction  of  the  parts.  This  was  unrelentingly  assailed  by 
adversaries  of  the  reaction  type  turbine  and  in  fact  was  really  pro- 
ductive of  periodical  blade  troubles.  However,  the  reasons  for  this 
are  very  plain  in  the  study  of  the  "old"'  line  of  turbines.  While  the 
explanation  is  very  simple  in  retrospect,  the  turbine  obviously  re- 
quired this  ordeal  in  its  commercial  development  stage  to  bring  it 
to  the  point  of  success  which  it  has  now  attained.  These  early 
difficulties  were  due  principally  to  the  equalizer  ports  and  supports 
being  cast  integral  with  the  cylinder  in  all  important  sizes,  pro-, 
ducing  a  variation  in  the  depth  of  metal  at  diiTerent  points,  thus 
causing  the  cylinder  to  camber  slightly  with  temperature  changes. 
The  above  troubles  have  been  eliminated  in  all  important  designs 
by  removing  these  exterior  parts  from  the  cylinder  casting  proper. 
As  this  improved  practice  has  now  been  in  effect  for  three  years  in 
leading  turbine  work,  there  has  been  ample  experience  in  the  opera- 
tion of  a  great  many  units  of  this  advanced  construction*  to  prove 
its  unqualified  merits. 

There  were  numerous  cases,  i  n  the  early  days,  of  blade  mishaps 
from  contact  due  to  the  distortion,  as  above  noted. 

However,  different  qualities  of  blades  have  been  employed 
until  a  successful  composition  and  quality  was  secured.  Steel  and 
copper  clad  blades  which  were  used  in  certain  stages  of  turbine 
history  soon  gave  out  where  the  steam  possessed  any  chemical  prop- 
erties. However,  a  great  many  turbines  so  equipped  have  not 
shown  any  appreciable  signs  of  blade  deterioration  after  several 
years  of  constant  operation  where  the  boiler  feed  was  uncontami- 
nated.  Thus,  a  i  500  kw  Parsons  turbine  with  steel  blades,  in- 
stalled in  the  central  station  at  South  Bend,  Indiana,  was  recently 
opened  after  four  years  constant  service  and  found  to  be  in  excel- 
lent condition.  Collections  of  blades  which  suffered  from  the  pre- 
ceding causes  have  been  circulated  in  certain  instances  as  proof  of 
inherent  disability  or  inadequacy  of  the  type  for  continued  service. 
It  is  not  believed  that  such  methods  can  influence  those  looking  for 
facts  as  they  now  obtain. 

Another  view  point  should  be  considered,  relative  to  the  design 
of  blading.  No  mechanism  of  human  invention  is  absolutely  proof 
against  all  vicissitudes,  and  it  therefore  devolves  upon  the  engineer 


*See  article  by  the  author  on  "Some  Steam  Turhiiie  Considerations' 
in  the  Journal  for  March  and  April,  191 1,  pp.  247  and  ::>,7S. 
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to  incorporate  a  link  in  the  system  which  will  sustain  the  brunt  of 
any  unfortunate  happening  and  which  may  be  restored  with  the 
greatest  facility  and  the  minimum  cost.  This  recourse  should  be 
provided  for  in  the  blading  element,  and  with  such  design  in  view 
it  will  be  evident  that  any  attempt  to  unduly  reinforce  the  blade 
construction  may  defeat  this  purpose.  Obviously  localizing  all 
possible  troubles  in  the  blading  would  precipitate  the  least  conse- 
quences— often  too  trifling  to  interrupt  operation. 

Heavy  blade  and  disc  construction  may,  to  the  lay  mind,  be 
construed  as  prima  facie  evidence  of  strength  and  rigidity.  But, 
when  actually  deviating  from  approved  and  designed  conditions  of 
operation,  such  features  may  bring  about  most  serious  results.  To 
the  discriminating  engineer,  it  will  therefore  be  plain  that  the  drum 
type  of  turbine  construction  using  low  peripheral  speeds  and  with 
a  minimum  of  danger  from  distortion  or  warping,  is  mechanically 
superior.  Moreover,  the  tremendous  latent  energy  of  high  speed 
discs  due  to  the  depth  of  metal  and  its  consequent  weight  deserves 
careful  thought  in  connection  with  its  bearing  on  the  possible  rup- 
ture or  weakness  of  any  section.  Furthermore,  no  abnormal  strains 
should  be  introduced  in  the  turbine  in  changing  from  condensing 
to  non-condensing  operation  and  vice  versa.  Should  the  outer  rim 
of  a  disc  be  more  quickly  lowered  in  temperature  in  converting  to 
condensing  service,  the  plate  may  buckle,  rendering  the  unit  not 
only  unserviceable  but  unsafe. 

Exterior  Design — Capitalizing  the  outward  design  of  a  ma- 
chine is  permissable  not  only  from  the  aesthetic  standpoint  but  also 
in  consideration  of  the  psychical  effect  produced.  Although  power 
machinery  is  not  sought  for  adornment  of  the  property  or  interior 
but  is  exclusively  for  service,  the  fact  remains  that  effective  outward 
design  conduces  toward  confidence  in  the  installation  and  that  it 
may  frequently  facilitate  operation  by  removing  from  sight  the 
ungainly  parts  which  otherwise  might  obstruct  the  view  of  the  at- 
tendants. All  oil  and  water  piping,  the  cooling  system  and  heavy 
valves  should  be  placed  below  the  floor  line  when  their  location 
above  the  bedplate  oft"ers  no  advantage.  Care  in  design  begets  cor- 
responding care  in  operation. 

ACCESSIBILITY   FOR    INSPECTION   AND  REPAIR 

Every  machine,  if  at  all  worthy  of  an  important  service,  de- 
serves intelligent  treatment  in  its  operation.  This  means  that  it 
should  inherently  permit  of  easy  access  to  all  its  various  parts,  so 
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that  it  may  be  inspected  periodically  to  determine  whether  it  re- 
mains in  normal  condition  or  if  small  replacements  or  cleaning 
should  be  undertaken.  If  a  large  amount  of  dismantling  is  in- 
volved, the  internal  parts  are  liable  to  suffer  neglect,  either  reducing 
the  economy  or  causing  the  eventual  repairs  or  damages  to  be  ex- 
cessive. Where  these  considerations  are  disregarded  in  the  design, 
the  operation  of  tearing  down  the  parts,  which  subsequently  may 
possibly  be  compulsory,  proves  very  costly  and  where  the  inacces- 
sibility is  marked  the  operation  of  forcing  ofif  and  pressing  on  discs, 
may  result  in  augmenting  expense  due  to  ordinary  operating  wear. 
If  the  feed  water  is  chemically  active,  it  is  important  that  pro- 
vision shall  have  been  made  for  lining  the  cylinder  to  prevent  wall 
corrosion  due  to  organic  or  inorganic  elements,  whatever  they  may 
be. 

INHERENT      CHARACTERISTICS 

The  elementary  distinction  between  "impulse"  and  "reaction" 
designs  is  that  the  former  employ  high  relative  velocities  across  the 
blades  wdth  equal  pressure  on  either  side  of  the  rotating  buckets, 
whereas  in  reaction  blading  low  relative  velocities  obtain  and  a 
drop  in  pressure,  or  in  other  words  expansion,  also  progresses  in 
the  blades,  as  they  themselves  really  constitute  small  nozzles.  The 
use  of  low  velocities  entails  the  least  abrasive  action  of  blade  sur- 
faces from  steam  jets,  the  wear  probably  varying  approximately 
in  proportion  to  the  square  of  the  relative  steam  speeds.  The 
effect  becomes  more  serious  with  the  presence  of  moisture  and  pro- 
vides a  logical  reason  for  establishing  reaction  blading  in  all  low 
pressure  stages  for  the  larger  turbine  capacities,  typical  in  Europe 
as  well  as  in  this  country.  To  offset  the  effect  of  moist  steam  of 
high  velocity  in  the  impulse  type,  increased  superheating  is  being 
recommended  to  delay  the  occurrence  of  saturation  (i.e.  the  dew 
point),  so  as  to  limit  it  to  the  last  stage,  or  in  other  terms  to  ensure 
dry  steam  throughout  the  expansion.  This  naturally  requires  more 
costly  boiler  outlay  and  piping  systems  with  their  attending  liability 
of  greater  maintenance  expense.  A  gain  may  thus  be  derived  from 
the  view  point  of  repairs,  but  not  in  the  sense  of  economy  at  the 
fuel  pile.  Prominent  European  builders  of  impulse  turbines,  in 
taking  cognizance  of  these  facts  largely  subdivide  the  low  pressure 
stages  to  attain  low  steam  velocities. 

Since  in  the  reaction  type,  the  greater  part  of  the  work  is  per- 
formed as  the  steam  issues  from  the  blades,  the  necessity  of  a  sharp 
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and  well  preserved  entrance  angle  is  of  comparatively  little  moment. 
But  in  the  impulse  type  the  greater  part  of  the  dynamic  energy  in 
the  steam  jet  is  exerted  on  entering  the  buckets,  so  that  it  is  very 
necessary  that  the  blades  and  direction  of  the  jet  be  correctly  main- 
tained. Thus  it  is  manifest  that  the  reaction  turbine  will  show 
greater  permanency  as  regards  efficiency,  either  in  case  of  slight 
wear  or  scale  deposit  in  the  blades. 

Unequal  pressure  on  the  sides  of  the  rotating  blades  in  the  re- 
action type  creates  an  end  thrust,  which  must  be  properly  counter- 
balanced, a  simple  provision  in  medium  sizes.  Large  capacities 
induced  the  development  of  the  now  well  known  double  flow  turbine, 
which  not  only  solved  the  balancing  problem,  but  enabled  the  use 
of  higher  rotative  speeds  and  provided  large  blade  areas  in  the  final 
stages,  both  factors  of  economy.  Although  the  impulse  type  does 
not  ordinarily  experience  any  unbalancing  of  pressures  on  either 
side  of  the  discs,  an  accumulation  of  foreign  matter  upon  the 
buckets  may  restrict  the  steam  sufficiently  to  produce  a  considerable 
force  in  an  axial  direction,  due  to  resulting  friction  and  impact. 
Being  without  means  for  counteracting  heavy  unbalancing,  the 
thrust  bearing  may  become  dangerously  overloaded. 

More  advantages  accrue  from  the  use  of  a  great  many 
small  blades  in  reaction  turbines  than  are  at  first  apparent.  An 
accidental  collision  of  the  rotating  and  stationary  elements  may  only 
result  at  the  most  in  stripping  a  small  number  of  blades,  and 
under  this  slightly  crippled  condition  the  turbine  may  safely  be  con- 
tinued in  service,  a  practice  which  in  the  case  of  the  disc  type  tur- 
bine, with  its  heavy  blades  and  thin  shafts,  would  generally  be  pro- 
hibitive due  to  the  danger  of  vibration  from  an  unbalanced  rotor. 

There  is  a  misleading  idea  that  one  type  of  turbine  may  be  de- 
signed for  a  greater  degree  of  efficiency  when  high  vacua  are  used, 
but  it  is  a  fact  that  no  actual  difference  exists,  as  may  be  easily 
demonstrated  graphically.  However,  the  change  in  economy  of  any 
particular  type  with  change  in  vacuum  during  the  operation,  will 
depend  to  some  extent  upon  the  number  of  stages  or  rows  of  blades 
which  it  contains ;  therefore,  the  turbine  with  the  fewer  rows  or 
stages  is  more  sensitive  to  changes  under  operating  conditions  and 
will  more  rapidly  decline  in  efficiency  if  the  auxiliary  equipment  is 
not  kept  up  to  the  original  standard.  Besides,  the  amount  of  effort 
and  expense  which  is  warranteed  in  maintaining  high  vacua  is 
plainly  debatable  when  the  greater  auxiliary  power  and  investment 
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are  fully  reckoned.  In  reality  it  is  simply  an  economic  problem 
which  in  any  particular  installation  settles  itself. 

Regulation  and  Operating  Qualities — Stability  in  operation  is 
essential  in  all  power  stations,  large  and  small.  Swinging  of  load 
(or  as  sometimes  called  hunting)  between  various  units,  if  not  cor- 
rected, may  become  so  aggravated  as  to  impair  or  jeopardize  the 
service  rendered  by  the  plant.  While  wide  regulation  from  no  load 
to  full  load  is  preferred  in  parallel  operation  of  alternators,  it  does 
not  relieve  the  governing  mechanism  from  the  duty  of  promptly 
responding  to  load  changes.  To  effect  smooth  regulation  and  obvi- 
ate tendencies  to  race  and  hunt,  the  "fly-ball"  regulator  must  be 
sufficiently  powerful  to  overcome  without  hesitancy  any  momentary 
sticking  or  binding  as  well  as  the  inertia  and  friction  of  rest.  In 
hydraulically  operated  valves,  the  pilot  valve  should  be  placed  as 
close  as  possible  to  the  operating  cylinder,  so  that  no  lag  will  occur 
which  may  introduce  poor  regulating  quality.  In  large  stations 
chiefly,  and  other  plants  where  the  loads  remain  very  uniform  for 
long  periods,  or  change  gradually,  these  features  may  not  assume 
such  importance  as  indicated.  But,  allowing  that  the  swing  on  the 
station  are  of  an  appreciable  amplitude,  as  occurs  with  interurban 
electric  railway  loads  and  in  industrial  plants  having  rolls,  bull- 
dozers, elevators  and  similar  intermittently  operating  apparatus, 
sensitive  regulation  is  especially  demanded  where  office  lighting  is 
furnished  from  the  same  source  of  current. 

Simplicity  in  valve  and  governor  mechanism  is  paramount  to 
ensure  instant  action  at  any  critical  moment.  Gradual  steam  ad- 
mission gives  a  smooth  regulation  curve,  and  the  governor  must 
control  but  a  single  valve.  Where  each  step  in  valve  operation 
represents  say  300  hp,  the  sluggish  action  or  sticking  of  any  one 
valve  may  prove  to  be  enough  to  bring  about  unfortunate  results. 
The  governor  or  regulator  should  be  supplied  by  forced  lubrication 
and  encased  for  safety  of  the  operators.  When  in  service,  the 
turbine  should  require  a  minimum  of  attention  under  any  and  all 
variations  in  load.  It  has  scored  materially  over  the  reciprocating 
engine  in  the  matter  of  small  attendance,  and  this  possibility  of  the 
turbine  should  not  be  neglected  or  overlooked  in  i^nver  station 
design  and  supervision. 

hFFIClENi  IKS 

Scarcely  any  reference  to  the  comparative  econi>:ijics  of  recip- 
rocating engine  and  turbine  need  be  made.  Their  relationship  is 
already  well  established.     In  strictly  condensing  service  the  turbine 
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as  previously  noted  is  more  efficient,  with  the  exception  perhaps  of 
very  small  units.  For  non-condensing  work  the  engine  may  show 
a  somewhat  higher  heat  efficiency,  but  often  the  reverse  when  final 
capital  economy  is  considered.  There  is  much  to  be  said,  however, 
regarding  the  performance  characteristics  of  different  turbines. 
Turbines  of  various  builds  could  not  be  expected  to  coincide  in  the 
results  they  produce,  and  for  important  reasons,  since  blading  for- 
mation and  proportions  are  the  governing  factors.  The  superior 
efficiency  of  nozzles  over  buckets  has  been  thoroughly  settled. 
Hence,  turbines  employing  the  reaction  principle,  with  the  blades 
constituting  nozzles,  should  surpass  other  types  by  from  5  to  15 
percent,  notwithstanding  radial  leakages.  According  to  all  records 
the  reaction  type  with  high  pressure  impulse  wheel  has  de- 
veloped the  best  results  thus  far  obtained.  The  proper  measure 
of  turbine  performance  is  the  efficiency  ratio  or  Rankine 
cycle  efficiency,  i.  e.,  the  ratio  of  equivalent  energy  trans- 
formed into  eft'ective  work  to  the  heat  energy  actually  available. 
Water  rates  alone  do  not  exhibit  the  true  economy  of  the  turbine, 
station  equipment.  These  facts  are  of  more  than  technical  interest 
and  bear  critical  study.  Moreover,  they  concern  the  operator  as 
well  as  the  designer  and  are  also  important  points  to  bear  in  mind 
in  connection  with  the  question  of  economy  guaranteed.  Power 
engineers  in  their  zeal  to  procure  unreasonable  efficiency  often  en- 
courage hazardous  guarantees.  The  latter  practice  has  not  been 
shunned  as  it  justly  deserves,  for  the  reason  that  conclusive  tests 
are  improbable  in  the  majority  of  cases,  yet,  heretofore,  the  atten- 
tion given  the  subject  has  been  too  insufficient  to  expose  the  fal- 
lacies, both  in  guarantees  and  erratic  tests.  Many  reliable  tests  now 
on  record  furnish  fair  standards  of  performance  under  different 
operating  conditions.  Therefore  it  behooves  those  installing  new 
turbines  to  specifically  analyze  the  important  features  which  underlv 
this  industry.  Penalty  and  bonus  stipulations  are  only  a  mask  un- 
less the  approved  test  conditions  prevail  and  trials  are  conducted 
conscientiously  and  skillfully.  Nevertheless,  within  reasonable 
limits,  the  award  and  penalizing  on  improvement  or  deficiency  in 
guarantees,  on  the  whole,  serve  as  an  excellent  method  of  agree- 
ment and  should  be  adopted  and  carried  to  conclusions  in  every 
possible  case. 

MAXIMUM   AND  XORMAL  RATINGS 

Within  the  last  three  years,  a  new  reference  for  rating  gen- 
erating units  and  other  electrical  power  apparatus  has   come   into 
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use  to  a  limited  extent.  This  has  taken  the  form  of  basing  the 
full-load  capacity  on  the  greatest  amount  of  power  which  may  be 
delivered  by  the  machine  continuously  without  dangerous  heating, 
or  strains  or  serious  falling  off  in  speed.  The  capacity,  thus  de- 
termined is  called  a  maximum  rating.  Previously,  the  more  con- 
servative practice  provided  all  important  machinery  of  this  class 
with  a  continuous  marginal  overload  of  25  percent ;  this  was  dis- 
tinguished as  the  normal  rating.  Each  method  of  rating  is  to  be 
respectively  endorsed  under  appropriate  circumstances.  Only 
where  there  is  definite  knowledge,  however,  that  the  unit  will  not 
be  compelled  to  operate  constantly  at  some  greater  capacity  than 
fixed  upon,  should  maximum  ratings  be  employed,  for  these  remove 
the  conservatism  so  essential  in  important  service  and  should  there- 
fore be  confined  to  special  cases.  Turbines  rated  on  a  maximum 
basis  are  incapable  of  carrying  full  load  should  the  vacuum  be  acci- 
dently  lost,  which  might  embarass  the  operation  of  the  plant. 
Boilers  ordinarily  possess  sufficient  inherent  overload  capacity  to 
provide  the  increased  steam  required  to  run  the  turbine  non-con- 
densing. Moreover,  the  boiler  plant  should  not  be  rated  at  its  maxi- 
mum output,  as  a  higher  efficiency  obtains  at  a  lower  rating. 

As  regards  the  different  ratings,  the  design  for  the  normal 
rated  turbine  would  not  necessarily  be  changed  to  produce  better 
light  load  economy,  for  no  advantage  would  accrue  even  on  fluctu- 
ating load,  as  may  be  shown.  It  would  mean  though  in  the  maxi- 
mum rated  turbine  that  all  the  possible  power  was  being  forced 
from  the  same  frame  used  for  the  machine  when  normally  rated 
at  lower  capacity.  The  unit  cost,  i.e.,  per  kilowatt,  of  a  maximum 
rated  turbine  is  necessarily  lower  than  for  the  normal  rated  ma- 
chine, while  they  "may  be  identical  in  every  respect.  Delusions  of 
this  nature  have  frequently  caused  real  misapprehension. 

The  power-factor  of  electric  loads  must  also  be  considered,  its 
neglect  in  many  plants  having  resulted  very  unfortunately  in  serious 
overheating  of  the  generators. 

CONCLUSION 

In  expounding  the  truths  as  we  best  know  them,  the  author 
offers  these  suggestions  for  the  benefit  of  those  who  have  been  de- 
barred through  lack  of  time  and  opportunity  from  an  intimate 
familiarity  with  these  vital  turbine  elements,  and  it  is  hoped  that, 
as  thus  correlated,  the  various  phases  of  the  subject  that  have  been 
discussed  will  carry  the  value  properly  attached  to  them. 


ELECTRIC  MINE  HAULAGE 

DETAILS  RELATING   TO  MAIN  ENTRY  WORK 
G.  W.  HAMILTON 

Engineers  and  salesmen  are  frequently  hampered  in  making 
recommendations  for  new  equipment  by  lack  of  specific  information 
as  to  the  conditions  to  be  met.  As  it  is,  of  course,  essential  that 
any  recommendations  made  be  on  the  safe  side,  this  lack  of  infor- 
mation frequently  results  in  the  recommendation  and  sale  of  larger 
and  consequently  more  costly  apparatus  than  the  conditions  warrant. 
The  following  article  gives  an  idea  of  the  detailed  information 
whic\  is  necessary  in  the  application  of  electricity  to  coal  mining. 
It  is,  typical  of  the  kind  of  data  which  should  be  obtained  before  a 
hnal  selection  is  made  of  apparatus  in  general.  (Ed.) 

BEFORE  laying  out  a  system  of  mine  haulage  by  means  of 
electric  locomotives  a  thorough  study  of  local  conditions 
should  be  made  in  order  that  the  output  may  be  handled 
quickly  and  conveniently,  and  that  the  equipment  be  of  a  type  and 
size  best  suited  to  these  conditions.  As  the  work  to  be  done  varies 
greatly  with  the  system  of  mining  and  location  of  the  mine,  a  typi- 
cal case  will  be  considered. 

Assume  that  the  output  of  a  mine,  together  with  increasing 
length  of  entries,  demands  greater  hauling  facilities  than  can  be 
afforded  by  mules ;  that  the  mine  is  worked  on  the  room  and  pillar 
system ;  that  the  mules  will  be  retained  for  gathering ;  that  the 
locomotives  are  to  be  used  for  hauling  in  the  main  entries  only, 
and  that  all  information  necessary  for  selecting  the  locomotives, 
power  house  equipment,  etc.,  must  be  secured  on  the  ground. 

As  the  keynote  to  the  whole  situation  is  increased  output  from 
an  ever  increasing  distance  from  the  shaft  at  less  cost  per  ton,  ac- 
curate knowledge  of  the  present  and  prospective  operating  condi- 
tions should  be  fully  discussed  with  the  mine  officials.  If  maps  are 
available  showing  the  underground  workings  and  profile  of  the  main 
entries,  a  record  should  be  taken  of  the  distances,  grades,  etc.,  in 
all  parts  of  the  mine  where  locomotives  will  be  used. 

The  next  consideration  should  be  the  output  in  cars  delivered 
at  the  bottom  of  the  shaft,  not  only  on  an  average  day's  run,  but 
under  maximum  conditions,  and  how  many  hours  can  be  counted 
upon  in  which  to  collect  and  haul  these  cars.  Then  information 
should  be  secured  as  to  where  these  cars  are  obtained,  including  not 
onlv  from  which  cross  entries  they  are  hauled,  and  from  which 
rooms  on  these  cross  entries  gathered ;  but  how  many  cars  each 
room  can  furnish  if  properly  tended,  and  the  average  distance  from 
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the  rooms  to  the  main  entry  and  the  shaft.  When  this  information 
is  checked  against  the  number  of  mules  employed  it  gives  the  value 
of  each  mule  in  cars  per  day  under  actual  conditions,  and  will  guide 
in  the  location  and  length  of  the  main  parting,  or  sidetrack,  which 
should  be  placed  to  give  each  mule  as  short  a  run  as  practicable,  and 
at  the  same  time  an  equal  share  of  the  total  work.  This  parting, 
when  located  to  advantage,  can  readily  be  advanced  as  the  main  en- 
tries are  driven  ahead  and  new  cross  entries  developed. 

The  location  and  re-location  of  the  main  parting  gives  the 
length  of  run  to  l)e  covered  by  the  locomotive  now,  and  in  the 
future,  as  well  as  the  frequency  of  service  from  the  rooms  and 
cross-entries  by  the  mules,  and  the  cars  they  will  haul  per  hour  or 
per  day  under  working  conditions.  These  items  control  also  the 
size  of  the  locomotives  required,  the  cars  to  be  hauled  each  trip  and 
the  frequency  of  the  trips,  because  the  plan  should  be  to  provide 
equal  service  for  each  entry  and  room.  If  a  profile  of  the  main 
entries  is  not  on  hand  a  record  of  the  steepest  grades  with  their 
location,   length,   direction  and  percentage   should  be  made. 

Another  important  detail  to  be  secured  is  the  weight  of  the 
empty  cars.  Several  cars  should  be  weighed  in  their  present  con- 
dition and  an  average  taken.  The  load  in  the  cars  may  be  obtained 
from  the  mine  records  and,  as  this  figure  is  apt  to  vary,  an  average 
of  the  heavier  loads  should  be  used.  The  cars  should  also  be  meas- 
ured, and  the  length,  width,  height,  wheel  base  and  details  of  bump- 
ers and  couplings  noted. 

The  question  of  voltage  is  generally  determined  by  the  mine 
officials.  If  those  in  charge  have  no  decided  preference  it  will  pay 
to  leave  this  matter  unsettled  until  conditions  below  ground  have 
been  investigated. 

The  number  and  size  of  locomotives,  together  with  any  other 
equipment,  will  determine  the  generating  units  which  will  be  neces- 
sary. To  find  out  wdiether  additional  boiler  capacity  will  be  re- 
quired, the  number  and  size  of  boilers  installed,  the  number  in  daily 
use,  the  average  steam  pressure  given,  and  how  much  surplus  capa- 
city is  available  when  all  steam  driven  machinery  is  at  work,  should 
be  ascertained.  If  the  generators  are  to  be  placed  in  the  hoisting 
engine  room,  the  steam  ])ressure  should  l)e  measured  at  this  i)()int 
while  coal  is  being  hoisted.  The  distance  from  the  boiler  house, 
size  of  steam  main,  and  kind  of  heat  insulation  will  also  serve  as  a 
check  on  the  steam  pressure  which  may  be  expected  at  the  generator 
engine  when  its  location  has  been  decided  upon.     The  capacity  of 
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the  hoisting  engines  in  cars  per  day  may  be  secured  from  the  engi- 
neer, as  well  as  the  maximum  load  they  can  hoist  and  hold  back. 
The  first  item  controls  the  maximum  output  of  the  mine.  The  sec- 
ond determines  whether  the  locomotives  may  be  placed  in  service 
complete,  or  taken  apart.  If  they  must  be  installed  in  sections,  the 
manufacturer  must  make  suitable  provision  in  their  construction. 

When  the  location  of  the  generator,  and  its  switchboard  has 
been  settled,  the  location  of  the  feed  and  return  cables  should  be 
ascertained.  That  is,  will  they  be  overhead  or  underground,  and 
will  they  be  placed  in  the  main  shaft  or  in  the  air  shaft?  The  con- 
dition of  the  shaft,  whether  wet  or  dry,  the  space  available,  the 
distance  from  both  shafts  to  switchboard,  the  depth  of  shaft  and 
the  path  to  be  followed  will  determine  both  the  character  and  the 
length  of  the  cable,  the  number  of  poles,  cross-arms,  insulators,  etc. 
A  list  of  all  machines  which  would  be  better  served  if  motor  driven 
should  be  included,  securing  details  of  location,  horse-power,  present 
system  of  operation,  frequency  of  service,  etc.,  and  also  the  dis- 
position, number  and  candle-power  of  lights  desired. 

On  stepping  from  the  cage  at  the  bottom  of  the  shaft  the  first 
point  to  determine  will  be,  how  far  the  feed  cable  should  run  before 
meeting  the  trolley  wire,  the  conditions  controlling  this  being  the 
height  and  width  of  the  entry  and  the  length  of  the  bottom.  If  the 
entry  is  narrow  and  low  the  trolley  wire  should  not  come  near  the 
shaft,  but  should  be  stopped  far  enough  from  the  cage  to  be  out  of 
the  cagers  way;  on  the  other  hand  if  height  and  width  permit,  the 
feed  and  trolley  wire  may  be  connected  near  the  bottom  of  the  shaft, 
thus  reducing  expense.  The  return  cable  may  be  attached  to  the 
main  tracks  near  the  bottom  of  the  shaft.  If  the  feed  and  return 
cables  are  brought  down  the  air  shaft,  the  distance  from  air  shaft 
to  main  entry  should  be  measured  and  the  air  course  between  these 
points  gone  over,  to  determine  the  number  and  kind  of  insulators. 

Before  leaving  the  bottom  of  the  shaft  note  the  length  of  the 
tracks  used  for  caging  the  loaded  cars,  and  storing  the  empty  cars, 
obtaining  the  maximum  capacity  of  each  in  cars,  and  a  statement  as 
to  whether  they  can  be  extended  to  suit  haulage  conditions.  If  the 
present  conditions  cannot  be  changed  to  suit  increased  capacity  per 
trip,  the  number  of  cars  per  trip  must  be  correspondingly  limited. 

In  order  to  become  familiar  with  the  general  conditions,  a  good 
plan  is  to  walk  slowly  over  the  haulage  entry  from  shaft  to  face 
noting  the  details  which  control  the  situation  such  as  the  location  of 
the  track  in  relation  to  the  center  or  rib  of  the  entry,  the  clearance 
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between  near  rail  of  track  and  rib  of  entry,  or  other  obstruction, 
such  as  props,  door  posts,  etc.,  and  if  this  clearance  be  less  than 
ample  for  the  locomotive,  whether  it  can  be  changed  to  suit.  The 
gauge  of  track  on  tangents  and  on  the  curves  should  be  measured, 
checking  the  distance  in  several  places,  and  if  the  rail  now  laid 
weighs  over  i6  pounds  per  yard  note  the  weight  and  average  length 
of  each  rail.  If  the  rail  is  not  heavy  enough  to  carry  a  main  haul 
locomotive,  a  safe  rule  for  the  mine  being,  ten  pounds  per  yard  will 
carry  a  load  of  i  500  lbs.  on  each  wheel  the  weight,  length,  and 
gauge  of  the  new  track  will  have  to  be  determined  when  laid.  The 
height  from  rail  t()  roof,  maximum  and  minimum,  the  kind  of  roof, 
and  the  grades,  should  be  checked  with  the  data  obtained  above 
ground,  and  the  radius,  length  and  location,  of  all  curves  of  less  than 
50  feet  radius  noted,  that  by  the  time  the  proposed  location  of  the 
main  parting  is  reached,  information  governing  gauge  of  track, 
weight  of  rails,  length  of  rails,  clearance  between  rail  and  rib, 
radius,  length  and  location  of  curves,  height  and  location  of  trolley 
wire,  number  of  bonds  and  cross-bonds,  number  and  kind  of  trolley 
hangers,  and  other  trolley  details  will  be  known. 

The  parting  should  be  made  long  enough  to  hold  two  trips,  or 
loads  of  cars,  at  once  if  practicable.  This  plan  insures  steadier  op- 
eration, because  should  any  delay  occur  when  a  trip  is  being  hauled, 
it  will  not  hold  up  all  teams  and  drivers  inside  unless  the  time  lost'be 
twice  that  required  to  make  a  round  trip  to  and  from  the  shaft. 

The  length  of  the  run  from  shaft  to  parting  and  the  general 
conditions  determine  the  voltage  to  be  used,  it  being  controlled  by 
the  height  of  the  entry,  the  clearance  between  rail  and  rib,  the  con- 
dition of  the  roof,  whether  good  or  poor,  the  condition  of  the  entry, 
whether  wet  or  dry,  etc.,  and  the  safety  of  the  men.  The  safety 
of  the  mules  has  little  influence  in  the  decision,  as  either  250  or  500 
volts  generally  proves  fatal  to  them.  If  the  mules  must  pass  under 
or  near  the  trolley  wire  when  in  service  it  can  be  guarded  by  an  in- 
verted wooden  trough  or  an  automatic  section  insulator. 

Having  now  become  familiar  with  the  conditions  of  service  and 
development,  but  one  item  remains,  nameh-,  to  test  the  mine  cars 
for  resistance  due  to  friction. 

In  conclusion  it  is  of  little  value  to  endeavor  to  lay  out  a  set 
mode  of  proceedure  for  use  at  every  mine  because  part  of  the  at- 
traction offered  by  this  class  of  work  lies  in  its  ever  changing  con- 
ditions and  consequent  modification  in  the  plans  for  meeting  and 
controlling  them. 


POWER-FACTOR  CORRECTION  WITH 
SYNCHRONOUS  MOTORS 

WITH  CURVES  FOR  THE  ESTIMATION  OF  REACTIVE  EFFECTS 
NICHOLAS  STAHL 

IN  LAYING  out  and  operating  transmission  and  distribution  sys- 
tems it  is  often  necessary  to  calculate  the  energy  and  reactive 
components  of  the  power  transmitted  and  the  power-factor  of 
the  circuits,  in  order  to  learn  the  conditions  under  which  the  equip- 
ment is  operating  or  to  estimate  its  probable  performance  under 
certain  conditions.  The  various  quantities  which  must  be  consid- 
ered frequently  assume  rather  complex  relations  and  thus  render 
such  calculations  more  or  less  difficult.  In  order  to  simplify  this 
work  a  number  of  convenient  curves  have  been  prepared  to  show 
the  various  relations  that  commonly  arise  in  practice. 

rUKDAMENTAL   CONSIDERATIONS 

In  considering  the  relations  between  the  currents  flowing  in 
inter-connected  alternating-current  circuits  supplying  loads  of 
various  characteristics,  the  following  fundamental  points  should  be 
borne  in  mind*  : — 

The  total  current  of  a  circuit  ma}^  be  considered  as  made  up  of  two 
component  currents,  one,  in  phase  with  the  voltage  of  the  circuit  and  avail- 
able for  doing  mechanical  work,  and  a  second  bearing  a  90  degree  relation 
to  the  voltage  and  hence  not  capable  of  performing  mechanical  work.  The 
total  current  is  then  the  square  root  of  the  sum  of  the  squares  of  the  re- 
spective components.  The  90  degree  or  wattless  component  of  the  current 
may  be  lagging  with  relation  to  the  voltage,  due  to  the  presence  of  in- 
ductance in  the  circuit,  or  it  may  lead  the  voltage,  due  to  the  presence  of 
capacity  in  the  circuit.  The  total  or  resultant  current  will  be  either  lagging 
or  leading  relative  to  the  voltage,  depending  upon  whether  the  inductive  or 
capacity  effects  predominate.  If  the  two  elements  exactly  counterbalance 
each  other  the  current  will  be  in  phase  with  the  voltage,  that  is  the  power- 
factor  will  be  unity  or  100  percent.  The  term  "power-factor"  serves  to  in- 
dicate the  amount  by  which  the  current  lags  or  leads  the  voltage.  Power- 
factor  may  be  expressed  as  the  ratio  of  power  current  to  total  current  or, 
what  is  equivalent,  the  ratio  of  kw  to  total  k.v.a.,  expressed  as  a  percentage. 

The  total  or  combined  current  of  two  or  more  inter-connected  or  parallel 
receiving  circuits  is  accordingly  the  geometric  sum  or  resultant  of  the  cur- 
rents in  the  respective  circuits,  and  the  total  power-factor  of  the  main  cir- 
cuit supplying  the  power  is  therefore  dependent  on  the  respective  component 
currents  of  the  branch  circuits  and  their  power-factors.  Hence,  to  determine 
the  resultant  power-factor,  the  respective  currents  may  be  resolved  into  their 
real  and  wattless  components,  these  added  to  find  the  total  of  each  compon- 
ent, and  the  final  resultant  current  and  power-factor  determined  therefrom. 

A   given   load  added  to   a   circuit   may   raise   or   lower   the   power-factor 


*A  discussion  of  the  effect  of  loads  of  low  power-factor  on  generator 
capacity,  data  on  the  approximate  power-factor  of  various  kinds  of  loads 
and  notes  on  the  fundamentals  of  power-factor  correction  will  be  found 
in  an  article  by  Air.  F.  D.  Newbury  on  "  Relation  of  Load  to  Station  Equip- 
ment," in  the  "Journ.\l  for  July  1911,  p-623. 
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depending  upon  whether  the  power-factor  of  the  added  load  is  higher  or 
lower  than  the  previous  value.  The  amount  by  which  it  is  raised  or  lowered 
depends  on  the  magnitude  of  the  added  current  relative  to  the  total  current 
and  also  upon  the  degree  by  which  its  power-factor  differs  from  the  average. 

A  wattless  component  of  current  which  is  lagging  with  respect  to  the 
induced  voltage  has  a  demagnetizing  effect  on  the  fields  of  any  connected 
synchronous  generating  apparatus,  while  a  leading  wattless  component  of 
current  tends  to  increase  the  field  magnetization.  Synchronous  apparatus 
such  as  alternators,  rotary  converters  and  synchronous  motors  may  be  made 
to  have  either  an  inductive  or  a  capacity  effect  on  the  circuit  to  which  they 
are  connected  by  adjusting  their  field  excitation  below  or  above  that  re- 
quired to  give  a  unity  power-factor  relation  between  their  internal  voltage 
and  current. 

An  inductive  load  involves  a  current  having  a  lagging  component  with  a 
demagetizing  effect.  To  correct  for  this,  magnetization  must  be  supplied 
either  by  the  generators  at  the  power  house  or  by  some  synchronous  line 
apparatus  capable  of  operation  at  a  corresponding  leading  power-factor 
If  sufficient  generator  capacity  is  available,  the  leading  or  magnetizing  cur- 
rent can  be  supplied  with  greatest  economy  by  the  generators.  If,  however, 
the  relations  between  load,  carrying  capacity  of  line  and  generator  equip- 
ment are  such  that  the  entire  generator  capacity  is  required  to  give 
a  maximum  real  or  power  current,  or  if  the  line  is  loaded  to  its  capacity 
so  that  it  cannot  economically  carry  the  additional  wattless  current  and  its 
charging  current  is  insignificant,  it  is  then  necessary  that  this  leading  cur- 
rent be  supplied  by  such  other  synchronous  machinery  as  may  be  connec- 
ted near  the  load  if  the  total  power-factor  of  the  load  is  to  be  raised. 

When  the  leading  current  required  to  compensate  for  the  demagnetizing 
effect  of  inductive  loads  is  supplied  by  means  of  s\mchronous  machines 
near  the  load  and  a  certain  value  of  power-factor  is  maintained,  not  only 
are  the  generators  relieved  of  the  wattless  current,  but  the  transmission  lines 
are  also  relieved  and  hence  the  voltage  regulation  is  improved, 
and  generators  are  alone   suitable,  as   rotary  converters   suffer   not   only  the 

Of  synchronous  machinery  for  use  in  improving  power-factor,  motors 
common  disadvantage  of  poor  efficiency  at  low  power-factors,  but  for  reasons 
not  pertinent  to  the  present  article,  are  inherently  liable  to  dangerous  over- 
heating of  the  coils  adjacent  to  the  collector  ring  taps.  A  synchronous  motor, 
when  thus  used,  to  modify  the  power-factor  of  a  circuit  through  the 
adjustment  of  its  field  excitation,  is  commonly  called  a  "synchronous  con- 
denser." 

SIMULTANEOUS   RELATIONS  BETWEEN   K.V.A.,   KW,  AND 
WATTLESS    POWER 

As  the  k.v.a.,  kw,  and  reactive  or  wattless  power  of  a  circuit 
bear  a  definite  relation  to  one  another,  which  can  be  represented  by 
a  right  angle  triangle  in  which  the  hypotenuse  represents  k.v.a.,  the 
other  two  sides  are  the  kw  and  wattless  components,  and  the  power- 
factor  is  the  cosine  of  the  angle  between  kw  and  k.v.a.,  it  is  pos- 
sible, by  means  of  the  curves  shown  in  Fig.  i,  to  indicate  as  a  per- 
centage the  wattless  component  which  corresponds  to  any  given  kw 
or  k.v.a.  Thus,  with  any  two  of  these  four  factors  given,  the 
other  two  may  be  obtained.  The  sine  curve  shows  the  wattless 
components  expressed  in  percent  of  a  given  k.v.a.  load  correspond- 
ing to  different  power-factors,  while  the  tangent  curve  shows  the 
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wattless  components  expressed  in  percentage  of  a  given  kw  load  at 

various  power-factors. 

For  example,  assuming  a  2  500  k.v.a.  load  at  75  percent  power-factor.  To 
find  the  corresponding  wattless  component;  follow  the  vertical  line  from  75 
on  the  base  line  to  its  intersection  with  the  sine  curve  and  read  horizontally 
to  find  the  corresponding  percentage  wattless  component  as  0.66.  Then, 
2  500  X  0.66  =  I  650  k.v.a.  the  wattless  component. 
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FIG.     I — CURVES     SHOWING     RATIO     OF     WATTLESS     COMPONENT     OF     A 
CIRCUIT   TO   ITS   K.V.A.    AND    KW    AT   VARIOUS    POWER-FACTORS 

Or  again,  if  the  wattless  component  is  i  200  in  a  given  case,  and  the 
k.v.a.  equals  1 800,  the  corresponding  percentage  wattless  component  on 
the  basis  of  1800  k.v.a.  would  be  0.667  (or  1200  ^  1800);  then,  to  find 
the  corresponding  power-factor,  follow  horizontally  from  0.667  to  the  sine 
curve  and  the  vertical  line  at  this  point  corresponds  approximately  to  74 
percent  power-factor.  (The  kw  components  are  of  course  equal  to  k.v.a. 
X  power-factor). 
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If,  for  anolher  case,  the  wattless  component  is  900  k.v.a.  and  the  power 
component  is  600  kw,  the  percentage  wattless  component  corresponding  to 
600  kw  is  given  by  their  ratio  as  1.5  or  150  percent;  to  find  the  power-factor 
and  k.v.a.  From  the  point  on  the  tangent  curve  corresponding  to  1.50  follow 
the  vertical  line  through  this  point  to  the  base  line  to  find  a  power-factor 
of  55  percent.  The  corresponding  k.v.a.  will  be  equal  to  600-1-0.55  (original 
kw -h  power-factor)  :=i  092  k.v.a. 

EFFECT    ON    POWER-FACTOR    OF    THE   ADDITION    OF   VARIOUS    LOADS 

By  the  above  method  the  wattless  components  corresponding 
to  the  loads  (in  kw  or  k.v.a.)  at  their  respective  power-factors, 
which  go  to  make  up  the  total  load  on  a  given  circuit  can  be  quickly 
determined.  In  order  to  determine  the  resultant  power-factor  of 
a  total  load,  add  all  of  the  wattless  components,  divide  their  sum 
by  the  sum  of  all  the  kw  components,  and  from  this  ratio  and  the 
tangent  curve  of  Fig.  i  determine  the  corresponding  power-factor. 

For  example,  assume  an  incandescent  lamp  circuit  aggregating  200  kw 
and  having  a  power-factor  of  98  percent,  a  100  k.v.a.  synchronous  motor  at 
100  percent  power-factor,  several  induction  motors  totaling  300  kw  at  80 
percent  power-factor,  and  arc  lamps  to  the  total  of  150  kw  at  70  percent 
power-factor;  further  let  the  line  at  95  percent  power-factor  have  an  energy 
loss  of  10  percent  with  this  condition  of  loading,  or  ten  percent  of  (100  +  200  + 
300 +150)  =75;  then  the  several  reactive  components  are  read  from  the 
curves  of  Fig,  i  as  follows : — In  the  case  of  the  lamp  circuit  at  98  percent 
power-factor,  follow  the  perpendicular  from  the  point  corresponding  to  98 
to  its  intersection  with  the  curve  marked  "tangents";  this  point  will  then  be 
found  at  0.204,  etc.    Then 

Incandescent  Lamps    200  x  0.204  =    40.8 

Synchronous    Motors    100  X  o        =0 

Induction    Motors    300  x  0.75    =:  225 

Arc   Lamps    150  x  1.02    =  153 

Line      75  X  0.328  =    24.6 

Total    Kw    825 

Total   Wattless    Component    =:  443.4 

Then  443.4  -;-  8251=0.537.  which  corresponds,  on  the  tangent  curve  of 
Fig.  I  by  means  of  the  sine  curve  and  the  resulting  power-factor  found  by 
required  to  supply  the  circuit  would  be  825^0.88  =  938  k.v.a.* 

Had  the  several  loads  been  specified  in  terms  of  k.v.a.  instead  of  kw. 
the  corresponding  reactive  components  could  have  been  worked  out  from 
Fig.  I  by  means  of  the  sine  curve,  and  the  resulting  power-factor  found  by 
a  similar  process. 

EFFECT  ON   POWER-FACTOR  OF  ADDITION  OF  NON-INDUCTIVE  LOADS 

The  curves  of  Fig.  2  serve  to  indicate  the  effect  on  the  power- 
factor  of  a  given  load  of  the  addition  of  non-inductive  loads,  such 
as  an  incandescent  lighting  load  or  rotary  converters  (which  oper- 
ate most  economically  and  safely  at  100  percent  power-factor),  es- 
pecially when  the  added  load  is  a  considerable  proportion  of  the 

*A  1 000  k.v.a.  machine  at  90  percent  power-factor  would  therefore  be 
more  than  sufficient  to  carry  this  load,  even  if  all  of  the  load  were  connected 
at  one  time.  Under  the  more  probable  conditions  of  ordinary  operation  ,a 
750  kw  machine  would  be  ample. 
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total.  The  power-factor  is  improved  even  though  no  leading  watt- 
less component  is  introduced.  To  apply  the  curves,  let  P  equal  the 
original  load  (in  kw)  whose  power  factor  it  is  desired  to  raise, 
and  let  L  be  the  added  non-inductive  load.  Then  hnd  the  ratio 
L  -^  P  and  apply  the  curves  as  follows  : — 

For  example,  a  500  kw  rotary  converter  is  connected  to  a  central  station 
which  already  has  a  load  of  i  200  kw  at  70  percent  power-factor.  The  ratio 
of  500  to  I  200,  or  L  -^  P,  represents  the  percentage  added  load  or  41.7  per- 
cent. Following  horizontally  from  the  ordinate  of  Fig.  2  at  0.417  to  the 
curve  for  70  percent  power-factor,  read  down  vertically  to  find  a  resulting 
power-factor    of    81     percent. 
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FIG.    2 — POWER-FACTOR    OF    CIRCUIT    R.MSED    BY    ADDITION    OF    NON-INDUCTIVE    LOAD 

Given  the  ratio  of  added  non-inductive  load  L  to  original  load  P  (kw) 
and  original  power-factor,  the  linal  power-factor  is  determined  directly 
from  the  curves. 

Conversely,  if  a  given  percentage  correction  is  sought  by  the  use  of 
added  non-inductive  load,  for  example  to  raise  800  kw  from  60  to  75  per- 
cent, read  horizontally  on  Fig.  2  from  the  intersection  of  the  perpendicular 
erected  at  75  with  the  60  percent  curve  to  find  an  ordinate  of  0.518,  which 
represents  the  percentage  kw  load  required.  Tlien  the  added  non-inductive 
load  required  would  be  800X0.518  =  414.4  kw. 

The  curves  of  Fig.  2  show  the  relatively  greater  eflectiveness  of 
the  addition  of  a  non-inductive  load  to  a  circuit  having  a  low 
power-factor  than  to  one  having  a  higher  power-factor,  especially 
when  the  percentage  added  is  small. 

For  example,  if  to  a  load  having  a  60  percent  power-factor  a  non-induc- 
tive load  of  one-tenth  the  amount  be  added,  the  power-factor  will  be  raised 
to  63,  whereas  the  same  percentage  added  to  a  load  at  go  percent  power- 
factor  would  raise  the  power-factor  to  only  91.66  percent. 
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EFFECT  OF  SYNCHRONOUS   CONDENSER   WITH   THE  TOTAL 
LOAD  MAINTAINED  CONSTANT 

Power-factor  correction  by  an  "idle"  synchronous  condenser, 
i.e.,  one  not  carrying  mechanical  load,  may  be  calculated  at  once 
from  the  curves  of  Fig.  3,  if  the  load  is  specified  in  kw,  by  starting 

at  the  base  line  of  the 
curves  at  the  point  cor- 
responding to  the  orig- 
inal power-factor,  fol- 
lowing this  curve  to  it 
intersection  with  the 
vertical  line  at  a  point 
corresponding  to  the  de- 
sired power-factor,  and 
reading  horizontally 
from  this  point  to  the 
corresponding  ordinate 
at  the  left  which  de- 
notes the  percentage 
wattless  component  re- 
quired of  the  synchron- 
ous condenser.  The  ac- 
tual value  of  k.v.a.  is 
then  the  product  of  the 
kw  load  multiplied  by 
this  percentage. 

If   the   load   is   ex- 
pressed    in     k.v.a.,     the 
corresponding      wattless 
riG.  3 — CURVES  SHOWING  AMOUNT  OF  WATTLESS  compouent    is    obtained 

COMPONENT     REQUIRED     TO     RAISE     POWER-FACTOR 
OF   GIVEN    KW    LOAD   TO   REQUIRED    HIGHER   VALUE 

The    wattless    components    are    expressed    as 
percentages  of  the  original  kw  load.     The  num- 
bers  at   the   right   which  indicate   the   points   of 
tangency  of  the  power-factor  curves  to  the  100   rective    Effect    of    S\ii- 
percent  line  show  the  amount  of  wattless  com-   ^hmnnu^     Condenser  — 
ponent   required   to   raise    a   given   kw    load    of   cnronous     LOnaensci 
given  lagging  power-factor  to  unity  power-fac-    When    the    field    excita- 
tor.     Obviously  the  addition  of  further  wattless    .■  f  svnchronous 

component   m   a   given   case   would   result    in   a  syuLiiiuiiuus 

leading  power-factor  less   than  unity.  motor    used    for    power- 

factor  correction  is  other  than  that  required  to  give  a  counter- 
e.m.f.  equal  to  the  impressed  e.m.f.  with  the  armature  cur- 
rent in  phase  with  the  voltage  (i.e.,  the  inotor  operating  at  100  per- 
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Explanation  of  Cor- 
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cent  power-factor),  the  magnetizing  effect  of  the  resulting  wattless 
current  combined  with  the  magnetizing  effect  of  the  field  current 
produces  a  constant  magnetic  field  in  the  armature.  When  a  syn- 
chronous motor  is  over-excited  there  is  therefore  a  resultant  lead- 
ing wattless  or  demagnetizing  component  of  its  current  which 
neutralizes  the  over-excitation  and  which  is  effective  in  raising 
the  power-factor  of  the  connected  load,  as  the  line  current  is  the 
vector  sum  of  the 
individual  currents 
in  the  respective  ap- 
p  a  r  a  t  u  s  ,  and  a 
change  in  the  power- 
factor  of  one  com- 
ponent brings  about 
a  certain  resultant 
variation  in  the 
total. 

If  the  sides  of 
the  triangle  ABC, 
Fig.  5,  represent  the 
k.v.a.,  kw,  and  watt- 
less components  of 
power  respectively, 
with  an  initial 
power-factor  of  0j 
(i.e.,  the  ratio  of 
kw  to  k.  V.  a.  = 
AC  -^  AB),  then 
connecting  in  a  mo- 
tor of  rated  capac- 
ity BX  will  raise 
the  power-factor  to 
0o  (or  AC  -^  AX, 
Fig.  5),  if  the 
whole  capacity  is 
used  for  condenser 
effect,   assuming 


FIG.  4 — CURVES  SHOWING  AMOUNT  OF  WATTLESS  COM- 
PONENT REQUIRED  TO  RAISE  THE  POWER-FACTOR 
OF  A  GIVEN  K.V.A.  LOAD  TO  A  REQUIRED  HIGHER 
VALUE 

Similar  to  the  curves  of  Fig.  3,  except  that  the 
wrattless  component.s  are  expressed  as  percentages  of 
the   original   k.v.a.   load. 

constant  kilowatts  transmitted  (and  disregarding  the  no-load  losses 

in    the    motor).      \\'hen    the    installation    has    already    been    made 

the    problem    may    be    that    of    raising    the    power-factor    on    a 

given  kilowattage,  as  indicated  in  this  figure.     On  the  other  hand, 
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where  the  api)aratns  and  Hne  are  not  yet  in  place,  the  operator  will 
be  interested  in  learning  the  greatest  power  he  can  transmit  with  a 
fixed  k.v.a.  for  which  case  Fig.  6  is  applicable.  Figs.  5  and  6  also 
indicate  the  basis  on  which  the  curves  of  Figs.  3  and  4  arc  drawn. 

CORRECTION   BY  IDLE  CONDEN.SER,  WITH   LOAD  ADDED 

Generally  the  correction  of  power-factor  is  desired  not  only  for 
existing  loads  of  given  kw  or  k.v.a.,  but  to  bring  the  total  power- 
factor  up  to  a  certain  value  after  connecting  an  additional  load,  say 
of  induction  motors  or  rotary  converters,  to  the  circuit.  The  case 
presented  is  then  to  obtain  the  vector  sum  by  the  method  given 
under  the  heading  "Effect  on  Power-factor  of  the  Addition  of 
Various  Loads"  and  use  the  resultant  kw  or  k.v.a.  for  the  basis  of 
the  correction  desired.  The  size  of  synchronous  condenser  required 
to  give  the  necessary  leading   wattless   component   may  be   deter- 
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FIG.    5 

Power-factor  of  a  given  kw 
load  raised  from  ©i  to  f^2  l)y 
the  addition  of  a  leading  watt- 
less component  BX  supplied, 
e.  g.,  by  a  synchronous  con- 
denser. 


FIG.    6 

Power-factor  of  a  given 
k.v.a.  load  raised  from  ©i  to  ©j 
by  the  addition  of  a  leading 
wattless  component  5A'.  (Figs. 
5  and  6  represent  graphically 
the  conditions  of  Figs.  3  and  4). 


mined  by  means  of  Fig.  3  or  Fig.  4,  by  assuming  the  new  value  of 
kw  or  k.v.a.  to  reinain  constant. 


CORRECTION    WITH   LOAD  ADDED,   THE   .SYNCHRONOUS   CONDENSER   ALSO 
SUPPLYING    MECHANICAL    POWER 

Under  this  head  five  problems  may  be  solved  : — 

I — For  an  assumed  load  P,  at  an  assumed  ])ower-factor  Fj, 
given  also  the  mechanical  output  L  desired  from  the  synchronous 
condenser ;  to  find  the  k.v.a.  rating  M  of  a  machine  which  will  raise 
the  line  power-factor  to  a  given  value  F.,. 

2 — Given  the  rating  of  the  condenser,  and  its  required  mechani- 
cal output;  to  find  the  increase  in  power-factor  which  may  be  ef- 
fected by  its  use. 

3 — Given  the  rating  of  the  condenser;  to  find  the  maximum 


CORRECTION  WITH  SYNCHRONOUS  MOTORS    951 

mechanical  load  which  it  will  carry  while  giving  maximum  cor- 
rective effect,  or  vice  versa. 

4 — Given  the  rating  of  the  condenser  and  the  correction  to  be 
made ;  to  determine  the  mechanical  output  it  can  also  effect. 

5 — With  synchronous  motor  kw  and  wattless  components  equal. 

/ — Considering  first  the  additional  load  mentioned,  determine 

the  total  k.v.a  or  kvv,  exclusive  of  the  synchronous  condenser  or 

its  load,  and  find  the  corresponding  power-factor. 

For  example,  assume  an  original  load  of  i  500  k.v.a.  at  80  percent 
power-factor,  or  i  200  kw,  to  which  is  to  be  added  the  following  loads : — 
200  kw  in  arc  lamps  at  70  percent  power-factor,  300  kw  in  rotary  converters 
at  100  percent  power-factor,  240  kw  in  induction  motors  at  75  percent 
power-factor,   and   a    synchronous   condenser   mechanical    load    equivalent    to 


FIG.  7 — VECTOR  DIAGRAM  ILLUSTRATING  THE  GRAPHIC  SOLUTION  OF  A  PROB- 
LEM IN  POWER-FACTOR  CORRECTION,  AND  SHOWING  THE  RESPECTIVE  K.V.A., 
KW,  AND  WATTLESS  COMPONENTS  INVOLVED  AND  THE  CORRESPONDING 
POWER-FACTOR    RELATIONS 

200  kw;  to  determine  the  required  rating  of  the  synchronous  condenser 
which  will  give  a  final  power-factor  of  95  percent.  Fig.  i  gives  the  cor- 
responding lagging  wattless  components  as  900,  200,  o  and  210,  respectively, 
or  a  total  of  i  310.  The  corresponding  power  components  make  a  total  of 
1 940  kw.  The  method  of  adding  the  respective  components  graphically 
is  shown  in  Fig.  7.  The  ratio  of  total  wattless  to  total  kw  components,  i.  e., 
I  310  -^  I  940  equals  0.677  which  is  the  total  wattless  component  expressed 
as  a  percentage  of  total  kw  load.  Then  the  tangent  curve  of  Fig.  i  indicates 
a  corresponding  power-factor  of  82.5  percent.  The  total  power  or  kw  load, 
including  that  of  the  synchronous  motor,  or  AH,  Fig.  7,  will  be  2  140  kw, 
which  will  involve  at  a  final  power-factor  of  95  percent,  a  wattless  com 
ponent  HE=zFG  or  0.329  (obtained  by  means  of  Fig.  i)  X 2 140  =  705. 
The  difference  between  this  and  the  previous  wattless  component  (i.  e., 
1310  —  705)  is  605  or  DG.  The  motor  rating  can  now  be  found  from  Fig.  i. 
Thus  200  -^  605  =  0.33  which  in  Fig.  i  corresponds  on  the  "tangent"  curve- 
to  95  percent  power-factor  and  605-^95  =  637  k.v.a.,  the  required  output 
of  the  synchronous  motor. 
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2 — Given  original  load  and  power-factor,  motor  rating  and  its 
mechanical  load;  what  power-factor  can  be  obtained?  Determine 
the  motor  wattless  component  by  means  of  Fig.  i  and  divide  this 
amount  by  the  number  of  kilowatts  to  be  corrected,  to  obtain  the 
percentage  wattless ;  then,  from  Fig.  3  find  the  power-factor  thus  ob- 
tainable. The  motor  is,  however,  able  to  bring  about  a  higher  power- 
factor  than  the  one  thus  found  on  account  of  the  mechanical  load 
carried,  as  is  shown  by  Fig.  2,  from  w^hich  the  total  correction  or 
final  power-factor  is  obtained. 

For  example,  assume  the  original  load  P  equal  to  i  800  k\v  at  60  per- 
cent power-factor,  and  a  motor  M  rated  at  i  000  k.v.a.  which  is  to  carry 
500  kw  load  L;  to  find  the  resulting  power-factor.  The  motor  power- 
factor  will  be  500  -^-  I  000  =  50  percent.  Then  Fig.  i  gives  the  motor  watt- 
less component  as  0.866  which,  on  the  basis  of  i  000  k.v-a.,  equals  866  k.v.a. 
Dividing  this  by  1800  gives  the  ratio  of  motor  wattless  component  to  kw 
power  corrected,  or  0.481.  Fig.  3  shows  that  the  effect  of  this  wattless  com- 
ponent will  be  to  raise  the  power-factor  from  60  to,  roughly,  76  percent. 
The  ratio  of  motor  load  L  to  original  load  P  is  500  -=-  i  800  or  0.28.  Start- 
ing then  from  the  ordinate  0.28  of  Fig.  2,  pass  horizontally  to  intersect 
the  curve  which  would  be  drawn  from  76  percent  power-factor  and  read 
vertically  downward  to  find  a  final  power-factor  of  83  percent. 

^ — Alanufacturers  are  usu- 
ally prepared  to  quote  on  certain 
standard  capacities  of  synchron- 
ous motors.  Accordingly,  a  spe- 
cial case  of  interest  involves  the 
question  of  the  maximum  power- 
factor  improvement  that  may  be 
eflfected  from  a  given  synchron- 
ous motor.     The  corresponding 

FIG.    8— VECTOR    DIAGRAM    OF    SYNCHRON-    niPrlianirnl    Inarl    nn    tliP    mntnr   ic 

ous    CONDENSER    SUPPLYING    LEADING  "lecnanicai  load  on  tne  motor  is 
WATTLESS  COMPONENT  AND  ALSO  FUR-  to  be  determined  simultaneously 

NISHING     MECHANICAL    POWER  VI       4.1    •  '  \      ^l-  1 

STF-Maximum     corrective     effect.  ''''^^'   ^his   maximum   betterment. 
PDE — Kw    and    wattless    components  Fig.  8  shows  the  motor  rat- 

equal.    .-^B-Original   k.v.a.  j^^g    ^^    (j,^   1^._^._^_^    ^^   ^j^^   ^^^-^^^ 

of  a  circle,  so  that  it  can  assume  different  directions  according  to  the 
amount  of  mechanical  motor  load  L  carried ;  it  is  clear  that  the 
maximum  power-factor  of  the  system  will  be  obtained  when  the 
final  k.v.a.  line  is  tangent  to  the  circle ;  under  this  condition  the  re- 
sulting power-factor  is  given  by  the  expression:  (Original  kw  -f- 
motor  kw)  -^  Voriginal  k.v.a.-  —  motor  k.v.a.^  (or  referring  to 
Fig.  8,  P-F  =  (AC  +  FT)  -^  VAB'"^="BT=),  and  the  me- 
chanical load  is  equal  to  the  motor  rating  multiplied  by  the  sine  of 
the  final  power-factor  angle,  this  sine  value  being  obtained  at  once 
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from  Fig.  i.  It  will  be  observed  that  better  power-factor  can  be 
secured  with  a  motor  simultaneously  carrying  a  certain  mechanical 
load  than  where  its  entire  k.v.a.  load  is  used  for  corrective  purposes. 
This  mechanical  load  includes,  of  course,  the  no-load  losses  of  the 
motor,  which  would 
have  to  be  subtracted 
to  indicate  the  net  me- 
chanical output. 

These  results  can 
be  obtained  more  sim- 
ply by  means  of  the 
curves  in  Fig.  9.  With 
their  use  it  is  neces- 
sary only  to  find  the 
ratio  of  the  motor  rat- 
ing M  to  the  original 
k.v.a.  (not  kw),  which 
is  called  K.  With  this 
ratio  as  a  starting 
point  at  the  base  line, 
follow  a  vertical  line 
to  the  curve  starting 
from  the  original 
power  -  factor.  and 
from  their  intersection 
read  horizontally  to 
find  the  final  power- 
factor;  at  the  same 
time  pass  horizontally 
to  meet  the  curve 
marked  L,  and  from 
this  new  point  down- 
ward find  the  numer- 
ical value  of  the  sine 
corresponding  to  the 
final  power  -  factor 
angle,  which  value  it  is 
only  necessary  to  multiply  into  the  motor  rating  to  secure  the  me- 
chanical load  which  may  be  obtained  simultaneously. 
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POWER-FACTOR  IMPROVEMENT  WHICH  CAN  BE 
OP.TAINED  WITH  GIVEN  K.V.A.  ORIGINAL  LOAD 
AT  GIVEN  POWER-FACTOR  AND  SYNCHRONOUS 
CONDENSER  OF  GIVEN  K.V.A.  RATING;  ALSO, 
THE  MECHANICAL  LOAD  WHICH  THE  CON- 
DENSER  WILL    CARRY   SIMULTANEOUSLY. 

A'i=Original  k.v.a.  load.  3/=motor  k.v.a. 
rating;  mechanical  load  L  being  expressed  as 
a  percentage  of  the  motor  k.v.a.  rating. 
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For  example : — original  load  =  i  600  k.v-a.  at  60  percent  power-factor ; 
motor  rating  =  400  k.v.a.  -,-•=:  0.25.  Final  power-factor  =  yy  and  motor 
mechanical  load  =  400  X  0.62  1=248  kw. 

4 — Given  the  initial  load  P,  the  initial  and  final  power-factors, 
Fj^  and  F^,  and  the  motor  rating  M ;  required  to  find  the  mechani- 
cal load  which  may  be  carried  by  the  motor.  The  general  answer 
to  this  question  is  not  as  simple  as  the  foregoing.  However,  the 
following  may  be  used  as  an  approximation.  If  the  motor  is 
operated  at  100  percent  power-factor  the  final  total  power-factor 
obtainable  may  be  determined  at  once  by  means  of  Fig.  2.  An 
approximate  estimate  may  then  be  obtained  regarding  the  possible 
amount  of  wattless  component  that  will  have  to  be  supplied  by  the 
motor  in  order  to  reach  the  desired  power-factor ;  in  some  cases  it 
will  be  found  that  operation  at  its  full  k.v.a.  and  unity  power-factor 
will  give  greater  corrective  effect  than  required.  Again,  the 
corrective  effect  of  the  motor,  if  operated  entirely  as  a  condenser, 
is  estimated  at  once  from  Fig.  3.  Further  Fig.  9  indicates  at  once 
the  maximum  corrective  effect  which  can  be  secured.  From  these 
considerations,  a  fairly  accurate  approximation  can  be  made  of  the 
motor  load  when  the  desired  power-factor  is  secured.* 

5 — Kiv  and  Wattless  Components  of  Motor  Equal — The  maxi- 
mum obtainable  power-factor  correction  is  secured  with  relatively 
small  mechanical  load  compared  with  its  k.v.a.  rating,  as  already 
shown  in  connection  with  Fig.  8.  When  the  installation  of  a  machine 
for  power-factor  correction  is  considered,  it  is  not  uncommon  to  esti- 
mate the  k.v.a.  which  may  be  applied  wattlessly,  and  the  kw  output 
of  the  machine  as  of  equal  value.  On  such  a  basis  the  maximum 
effectiveness  of  a  motor  is  secured  when  its  power-factor  is  ap- 
proximately 70  percent,  as  its  wattless  k.v.a.  and  kw  components 
are  then  equal.  With  this  understanding  the  mechanical  load 
which  must  be  carried  by  the  motor  in  order  to  produce  a  given 
change  in  power-factor  is  obtained  as  a  percentage  of  the  kw  load 
corrected  by  means  of  Fig.  10.  As  the  motor  power-factor  is  ac- 
cordingly approximately  70  percent,  the  k.v.a.  rating  of  the  motor 
may  be  obtained  when  its  kw  component  is  known  by  referring  to 


*This  last  problem  is  added  for  the  sake  of  generalit}-,  though  in  most 
cases  the  operator  will  have  a  certain  load  which  must  be  taken  care 
of,  and  the  power-factor  secured  will  be  considered  as  a  matter  of  secondary 
though  actually  of  real,  importance.  Very  rarely  will  it  be  specified  that  a 
certain  power-factor  must  be  secured,  and  then  the  corresponding  load 
arranged    for    accordingly. 
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Fig.  I  to  obtain  the  sine  value  corresponding  to  70  percent  power- 
factor  ( ecjual  to  0.705)  which  divided  into  the  motor  kw  gives  its 
k.v.a.  rating.  It  may  be  noted  that  this  latter  is  equivalent  to  mul- 
tiplying the  kw  value  by  1.41    (i.e.,  V^). 

Thus,  for  example,  with  a  motor  carrying  a  mechanical  load  equal  to 
its  wattless  component,  what  size  motor  is  required  to  raise  a  load  of 
1800  kw  from  60  to  90  percent  power-factor?  Follow  the  curve  of  Fig. 
10  originating  at  60  percent  power-factor  to  its  intersection  with  the  vertical 
passing  through  90  percent  power-factor  and  read  horizontally  at  the  left 
the  required  percentage  motor  kw  per  kw  corrected  load,  i.  e.,  0.57,  which 
multiplied  by  i  800  gives  the  total  motor  load  required,  or  i  025  kw.  This 
value  multiplied  by  1.41  gives  final  motor  rating  as  approximately  i  450  k.v.a. 
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F]G.  10 — CURVES  FOR  DETERMINING  MECHANICAL  LOAD  ON  SYNCHRONOUS 
CONDENSER  CORRESPONDING  TO  REQUIRED  P0\VER-F.A.CT0R  IMPROVE- 
MENT AND  CORRESPONDING  K.V.A.  R.ATING  OF  CONDENSER,  ASSUMING 
KW    AND    WATTLESS    COMPONENTS    OF    CONDENSER   EQU-AL. 

IMechanical  load  expressed  as  percentage    of    original    kw    corrected. 

In  a  specific  case  such  as  that  of  a  transmission  line  carrying 
power  to  a  centre  of  distribution  from  which  radiate  branches 
loaded  at  various  power-factors,  whether  or  not  the  most  efficient 
arrangement  will  be  obtained  by  raising  the  power-factor  by  means 
of  a  synchronous  motor  located  at  the  junction  point,  or  by  im- 
proving primarily  one  or  more  of  the  branches  of  lowest  power- 
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factor,  is  a  question  requiring  individual,  and  sometimes  extended 
consideration;  improvement  in  any  branch  affects  the  whole  line 
back  of  the  junction  point  and  indirectly  the  other  branches  as  M^ell. 
As  long  as  the  power-factor  is  not  corrected  beyond  loo  per- 
cent, all  of  the  foregoing  general  conditions  obtain,  but  beyond  lOO 
percent  (i.e.  with  a  leading  power-factor)  if  mechanical  power  is 
also  to  be  drawn  from  the  motor,  a  very  large  increase  must  be 
made  in  its  k.v.a.  input  to  secure  any  considerable  change  in  power- 
factor.  It  then  becomes  necessary  to  determine  whether  the  me- 
chanical power  gained,  when  capitalized  at  the  coal  pile,  due  allow- 
ance being  made  for  first  cost,  maintenance,  depreciation,  etc.,  is 
worth  more  than  a  similar  valuation  of  the  increased  line  losses, 
line  drop,  copper  for  transmission,  losses  in  generators,  decreased 
load  factor  with  corresponding  efficiency  loss,  etc.  In  general  it 
will  be  found  that,  where  the  first  proposed  k.v.a.  of  the  motor  is 
comparable  with  the  original  total  power  transmitted,  the  gain  in 
mechanical  output  will  much  more  than  compensate  for  the  slight 
reduction  in  power-factor  (leading)  involved.  Usually  the  ques- 
tion of  over-correction  will  not  be  met ;  as  the  average  operator  de- 
sires merely  to  improve  the  lagging  power-factor  toward  lOO  per- 
cent. Nevertheless,  if  a  large  increase  in  load  of  low  power-factor  is 
contemplated  the  installation  of  a  motor  capable  of  over-correction 
may  be  found  desirable. 

This  does  not  mean,  of  course,  that  tlie  motor  need  be  so  operated  as 
to  cause  over-correction,  as  this  can  be  obviated  in  one  of  three  ways. 
First,  by  decreasing  the  excitation,  which  will  decrease  the  leading  wattless 
component  and  hold  the  mechanical  load  constant.  The  motor  will  then 
have  the  advantage  of  a  decreased  k.v.a.  Second,  by  throwing  off  the  me- 
chanical load  and  decreasing  the  excitation,  the  resultant  effect  of  the  motor 
may  be  brought  to  the  point  where,  for  example,  lOO  percent  power-factor 
on  the  system  ensues,  either  with  the  same  or  a  lessened  motor  input, 
depending  on  the  constants  of  the  system.  Third,  by  decreasing  the  excita- 
tion and  increasing  the  mechanical  load,  the  system  may  with  suitable 
constants  be  brought  to  lOO  percent  power-factor  as  desired,  without  alter- 
ing the  k.v.a.  motor  input.  In  the  first  instance,  the  square  of  the  motor 
k.v.a.  equals  the  sum  of  the  squares  of  the  mechanical  load  and  the  original 
wattless  component,  respectively,  of  the  system ;  in  the  second  instance,  the 
motor  operates  as  a  "condenser''  with  its  k.v.a.  equal  to  the  original  watt- 
less component  of  the  system ;  in  the  third  instance,  the  square  of  the  new 
mechanical  load  is  equal  to  the  difference  of  the  squares  of  the  motor 
rating  and  original  wattless  component  respectively,  of  the  system.  All  of 
these  quantities  discussed  are  readily  found  from  Fig.   i. 

It  may  also  be  noticed  that  long  transmission  lines  frequently  require 
of  their  generators,  at  times  of  light  load,  a  very  considerable  leading  capaciy 
or  "charging"  current,  which  has  been  known  to  amount  to  as  much  as  40 
percent  of  the  k.v.a.  generator  capacity.  In  the  case  of  a  long  high 
voltage  line  involving  relatively  small  power  capacity,  the  generator  might 
even  be  seriously  overloaded  as  a  result  of  the  leading  wattless  k.v.a.  re- 
quired  to   charge   the   line.     Under   these  conditions,  the  synchronous  motor 
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may  be  run  under-excited,  so  as  to  demand  a  lagging  current  to  compensate 
for  the  charging  current.  In  this  case  the  wattless  components  of  the  line 
and  load  currents  are  the  reverse  of  the  above  cases  v^^hether  the  motor  is 
carrying  mechanical  load  or  not,  and  may  be   solved   accordingly. 

However,  as  will  be  evident  from  an  inspection  of  the  curves 
of  Figs.  2  and  3,  the  amount  of  betterment  to  be  secured  with  a 
given  kw  transmitted  and  the  motor  furnishing  a  definite  wattless 
component,  is  decidedly  less  in  the  region  of  100  percent  power- 
factor  than  elsewhere.  Hence  it  is  evident  that  in  ordinary  cases  it 
is  not  economical  to  attempt  to  raise  the  power-factor  of  loads  of 
reasonably  high  power-factor. 

For  example,  to  change  i  ooo  kw  from  60  to  65  percent  power-factor 
requires  165  k.v.a.  (wattless  component),  but  from  95  to  100  percent,  329 
k.v.a.  or  twice  as  much.  From  75  to  85  percent,  26  k.v.a.  wattless  component 
is  required  for  each  percent  change  of  power-factor ;  from  98  percent  lag 
to  98  percent  lead  requires  105  k.v.a.  for  each  percent  change. 

SELECTION  OF  ALTERNATING  CURRENT  APPARATUS 

A  method  has  already  been  given  for  obtaining  the  final  power- 
factor  of  a  system  after  the  addition  or  subtraction  of  various 
loads  of  given  characteristics.  By  this  method,  and  with  the  aid  of 
Fig.  I,  an  estimation  of  the  required  k.v.a.  capacity  of  a  generator 
or  the  required  ratings  for  motors  or  other  apparatus  to  suit  certain 
conditions  can  readily  be  obtained.  For  example,  assume  a  case 
where  it  is  desired  to  add  an  induction  motor  load  of  certain  capacity 
to  a  circuit  having  a  load  of  given  power-factor  well  within  the 
capacitv  of  the  generator.  The  relative  effects  of  various  combin- 
ations of  motors  may  thus  be  readily  investigated,  taking  into  con- 
sideration not  only  the  mechanical  load  but  the  operating  power- 
factor  and  efficiency  of  either  the  individual  motors  or  the  added 
load  considered  as  a  unit,  with  a  view  to  determining  whether  the 
generator  would  be  overworked  with  the  additional  load.  The 
same  considerations  apply  of  course  to  other  apparatus,  the  more 
or  less  successful  operation  of  which  depends  on  the  operating 
power-factor. 

The  disadvantages  of  operating  generators  on  loads  of  low 
power-factor,  when  their  available  k.v.a.  capacity  is  required  for 
the  generation  of  useful  kw  power,  have  already  been  mentioned ; 
if,  however,  the  generators  and  transmission  lines  are  not  fully 
loaded,  the  corrective  effect  can  often  be  furnished  most  economi- 
cally by  the  generators  direct,  instead  of  installing  extra  synchronous 
motors  for  this  purpose. 
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GENERATOR    EIELD  CURRENTS 

It  is  often  desired  to  know  the  variation  in  iield  current  re- 
quired for  a  given  generator  to  maintain  normal  voltage  under 
various  power-factor  conditions.  Iliis  knowledge  may  be  needed  in 
order  to  determine  the  held  heating,  or  in  connection  with  the  se- 
lection or  checking  of  exciter  capacity  for  either  hand  or  automatic 
regulation,  such  as  with  Tirrill  regulators.  This  can  be  readily 
determined  for  a  given  machine  by  means  of  a  set  of  simple  tests, 
the  results  of  which  are  used  in  connection  with  Fig.  1 1 . 
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FIG.    II — CURVES   FOR  DETERMINING  APPROXIMATE   EXCITATION   REQUIRED 
BY     ALTERNATORS     AT     VARIOUS     POWER-FACTORS 

Based  on  simple  running  tests  to  obtain  field  currents  corre- 
sponding to  full  load  current  with  armature  short-circuited  and  to 
normal  open-circuit  voltage. 

With  the  machine  operating  at  normal  speed  as  a  separately 
excited  generator  the  field  current  required  to  cause  full-load  cur- 
rent to  flow  in  the  armature  when  short-circuited  may  be  readily 
determined  by  test.  The  field  current  required  to  give  normal  volt- 
age at  no-load  obviously  may  also  be  determined  by  a  simple  run- 
ning test.  The  ratio  of  the  ''short-circuit"  field  current,  referred  to 
above,  to  this  latter  value  of  field  current  may  now  be  used  in  con- 
nection with  Fig.  II  to  determine  from  the  curves  the  total  field 
current  required  to  give  normal  voltage  with  full  load  at  loo  percent 
or  any  other  power-factor  within  the  range  of  the  curves. 
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For  example,  if  on  a  given  machine  the  lield  amperes  necessary  for 
no  load  excitation  are  95  amperes  while  the  short-circuit  test  at  full  load 
current  (the  synchronous  impedence  test)  indicates  that  a  field  current  of 
19  amperes  is  required,  the  ratio  of  these  two  quantities  used  in  connection 
with  the  curves  of  Fig.  10  (i.  e.,  0.2)  determines  the  total  field  current  for 
full-load  operation  at  normal  voltage  as  102  percent  of  95  or  97  amperes  at 
100  percent  power-factor;  108.5  percent  of  95  or  103  amperes  at  90  per- 
cent power-factor;  112.5  percent  of  95  or  107  amperes  at  80  percent 
power-factor,  and  114.5  percent  of  95  or  109  amperes  at  70  percent  power- 
factor,   etc. 

The  vector  relations  of  the  voltages  corresponding  to  these 
respective  field  currents  are  shown  in  Fig.  12.  At  100  percent 
power-factor  the  line  CB  is  approximately  at  right  angles  \.oAC,  as 
indicated  by  the  dotted  line  CB^.  Fig.  11  thus  shows  the  effect  of 
low  power-factor  in  increasing  the  field  current  required  to  main- 
tain normal  voltage,  and  it  will  be  noted  from  it  as  well  as  from 
Fig.  12  that  the  increase  needed  for  a  given  change  of  power-factor 
below  say  70  percent  is  relatively  small  compared  with  an  equal 
change  of   power-factor  between   70  and    100  percent.      It   will  be 
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FIG.     12 — DI.^GRA.M    IXDICATIXG    RELATIO.XS    OF    V()LT.\(,F.S    OF    ALTERN.\TOU    AT 
VARIOUS   POWER-FACTORS 

Basis  of  the  curves  of  Fig.  11. 
seen  further  from  Fig  12  that  the  increase  in  excitation  required  at 
any  power-factor  is  proportional  to  the  amount  of  synchronous  im- 
pedance, represented  by  the  line  CB,  as  determined  by  the  syn- 
chronous impedance  or  short-circuit  test ;  that  is,  it  is  ]3ractically. 
proportional  to  the  inherent  reactance  of  the  machine,  (neglecting 
the  ohmic  drop  due  to  full-load  current  in  the  short-circuit  test). 
This  means  that  a  machine  with  high  armature  reactance  will  have 
relatively  poor  regulation.  However,  high  reactance  is  an  advan- 
tage in  case  of  short-circuit  on  a  machine,  as  it  serves  to  limit  the 
current  flow  and  the  attendant  mechanical  shock  to  the  windings. 

In  conclusion  it  should  be  pointed  out  that  while  the  foregoing 
curves  have  been  applied  to  the  solution  of  specific  problems,  they 
are  quite  general  in  their  application,  and  should  be  of  considerable 
use  in  the  solution  of  other  problems  in  reactive  effects  not  consid- 
ered here,  but  such  as  arise  in  theory  or  practice. 


NOTES  ON  ELECTRIC  LOCOMOTIVE 
CONSTRUCTION 

L.  M.  ASPINWALL 

T]  ri{  design  and  equipment  of  a  modern  high  power  electric 
locomotive  probably  involves  a  greater  diversity  of  engi- 
neering problems  than  is  embodied  in  the  construction  of 
any  other  electric  machine.  All  parts  entering  into  the  construc- 
tion are  so  intimately  related  that,  to  get  the  best  results,  it  is  de- 
sirable that  each  piece  of  apparatus  be  designed  for  the  particular 
class  of  locomotive  for  which  it  is  to  be  used.  The  design  of  an 
electric  locomotive  generally  requires  the  separate  consideration  of 
all  of  the  distinct  systems, — the  mechanical  parts,  the  main  elec- 
trical propulsion  system,  the  braking  system,  the  ventilation  sys- 
tem and  the  collector  system.  All  of  these  systems  are  separate 
and  distinct,  but  are  as  closely  related  as  the  various  parts  of  the 
human  body,  and  to  obtain  harmonious  operation  their  effect  upon 
each  other  must  be  carefully  considered. 

In  the  early  days  of  the  equipment 'of  electric  cars,  before  lo- 
comotives came  into  common  use.  it  was  generally  a  case  of  whether 
the  electrical  man  or  the  air  brake  man  got  to  work  on  the  car  first 
as  to  which  one  was  able  to  locate  his  apparatus  to  advantage.  If 
the  air  brake  man  started  first,  he  usually  located  his  apparatus  to 
the  best  possible  advantage  without  regard  to  the  electrical  equip- 
ment and  the  electrical  man  had  to  be  content  with  the  remaining 
space  or  fight  for  every  additional  inch  he  required.  If  the  elec- 
trical man  emphasized  the  importance  of  his  equipment,  he  was  met 
with  the  statement  that  the  air  brake  equipment  is  the  most  import- 
ant, for  it  is  easy  enough  to  start  a  car,  but  very  hard  to  stop  it. 

Fortunately  for  the  modern  electric  locomotive,  the  electrical, 
mechanical  and  air  brake  man  have  now  learned  the  value  of  co- 
operation. In  designing  a  modern  electric  locomotive  the  first  step, 
of  course,  is  to  gather  full  data  as  to  the  service  which  it  is  required 
to  perform.  When  it  is  known  just  what  the  locomotive  is  to  pull, 
the  speed  at  which  it  must  travel,  how  long  its  must  sustain  this 
service,  etc.,  then  the  vital  part,  the  motors,  can  be  settled  upon. 
The  design  and  type  of  the  motor  may  be  said  to  be  the  pivotal 
point"  of  the  structure,  for  the  design  of  all  the  other  parts  is  af- 
fected thereby  to  a  greater  or  less  degree. 

The  mechanical  parts  must  be  designed  to  accommodate  the 
motors;  the  control  apparatus  and  the  main  wiring  must  be  de- 
signed to  carry  the  currents  required  by  the  motor,  the  size  of 
blowers  (if  any  are  used)  is  determined  by  the  air  required  for  the 
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motors ;  the  form,  and  capacity  of  brakes  required  are  modified  Dy 
the  inertia  of  the  rotating  parts  of  the  motor,  etc. 

Assuming  that  the  various  pieces  of  apparatus  for  a  locomo- 
tive have  been  designed,  the  next  step  is  to  decide  upon  the  general 
assembly  of  the  parts  on  the  running  gear  and  in  the  cab,  or  the 
"layout  of  apparatus,"  as  it  is  termed.  Laying  out  a  locomotive 
equipment  is  very  similar  to  laying  out  a  power  house^  except  Lhat 
it  is,  unfortunately,  more  difficult  on  account  of  the  limited  space. 
In  the  early  days  of  car  equipments  it  used  to  be  considered  a  satis- 
factory way  of  doing  this  work  to  get  all  the  apparatus  together 
near  the  car,  then  to  mount  a  piece  of  apparatus  here  and  a  piece 
there  as  seemed  desirable  until  the  whole  was  assembled.  The  fore- 
going method  answered  fairly  well  in  the  case  of  small,  old-style 
equipments,  but  it  is  certainly  not  engineering  and  cannot  be  toler- 
ated in  the  equipment  of  a  modern  high  powered  locomotive. 

The  old  saying  ''mistakes  in  iron  are  serious,"  is  still  very  true, 
and  the  only  way  that  such  errors  can  be  avoided  is  by  making  a 
careful  study  of  the  layout  of  apparatus  on  the  drawing  board.  The 
preliminary  layout  can  best  be  settled  upon  by  making  small-scale 
cardboard  templets  of  the  various  important  parts  of  the  equipment 
and  determining  their  best  location  by  the  cut-and-try  method  on  a 
scale  outline  drawing  of  the  locomotive.  Considerable  time  and 
study  can  be  put  in  to  advantage  with  this  templet  game,  but  after 
a  good  layout  has  been  obtained  and  penciled  in,  the  designer  should 
not  by  any  means  delude  himself  with  the  idea  that  the  work  is 
done,  for,  as  a  matter  of  fact,  he  is  only  just  in  a  position  to  start 
on  the  real  work  of  design. 

A  carefully  made  scale  drawing  should  now  be  prepared,  not 
less  than  one-eighth  inch  to  the  foot,  with  all  the  various  pieces  of 
apparatus  drawn  in  carefully  to  scale  in  the  positions  planned 
on  the  preliminary  templet  layout.  It  is  important  that  the  out- 
lines of  apparatus  be  made  accurately  and  that  they  show  all  pro- 
jecting parts  and  all  inlets  or  outlets  for  cables,  pipes,  etc.,  in  order 
to  avoid  interferences.  After  the  apparatus  has  been  drawn  in,  it 
is  necessary  to  design  the  necessary  hangers  and  supports,  then  to 
plan  the  runs  of  conduit,  piping  and  cables.  It  is  generally  found 
necessarv  to  modify  considerably  the  preliminary  layout  when  it 
comes  to  the  point  of  making  the  actual  working  drawing,  and  it  is 
right  here  that  the  mistaken  economy  of  trying  to  do  the  actual  work 
from  a  preliminary  layout  becomes  evident.  Every  hour  properly 
devoted  to  layout  work  in  the  drawing  office  saves  many  times  its 
cost  in  the  shop  when  equipping  a  number  of  locomotives. 


EXPERIENCE  ON j  THE  ROAD 

A   TIRRII.L   KE(;ULATOR   WITH    SEVERAL   INDEPENDENT 

SOURCES  01'    CONTROL 

J.  W.  WELSH 

One  of  the  principal  requirements  for  the  successful  op- 
eration of  a  Tirrill  voltage  regulator  for  alternating-current 
machines  is  that  there  shall  be  no  interruption  in  the  cir- 
cuit of  the  'alternating-current  control  magnet.  In  other  words, 
the  alternating-current  control  magnet  must  continuous!}'  have  ap- 
plied to  it  the  voltage  which  the  regulator  is  controlling.  As  this 
circuit  may  contain  a  potential  transformer,  high  tension  fuse  hold- 
ers, (the  fuses  being  replaced  with  copper  wire),  a  switch  for  con- 
necting the  regulator  to  one  circuit  or  to  another,  and  an  adjust- 
able resistance  for  changing  the  voltage  setting,  there  is  always  a 


Kin.  1  — arran(;ement  of  swrrcHEs  in  i'uwer  hoi'se 
possibility  of  interruption  through  failure  of  any  of  these  parts. 
Moreover,  when  one  regulator  controls  the  bus-bar  voltage  of  a 
large  station  employing  the  double  bus-bar,  or  group,  .system  of 
distribution,  an  additional  risk  is  incurred  due  to  the  possibility  of 
the  bus-bar  or  group  to  which  the  regulator  is  connected  getting  in 
trouble  or  becoming  separated,  thus  putting  the  control  of  the  volt- 
age for  the  entire  station  out  of  commission. 

The  method  described  below  was  tried  out  and  found  satisfac- 
tory at  the  Glenwood  power  station  of  the  Pittsburgh  Railways 
Company.  The  alternating-current  generating  equipment  at  this 
station  consists  of  a  2  000  kilowatt  turbine  and  two  900  kilowatt 
engines.  The  arrangement  of  the  high  tension  bus-bars  and  feeders 
is  shown  in  Fig.  i,  the  three  phases  of  each  bus-bar  and  cable  be- 
ing re]iresented  by  a  single  line.     One  Tirrill  regulator  is  connected 
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to  the  railway  bus-bar  and  another  Tirrill  regulator  is  connected 
to  the  lighting  bus-bar.  In  normal  operation  the  turbine  generator 
and  feeders  Nos.  3  and  4,  supplying  the  railway  load,  are  connec- 
ted to  the  railway  bus-bar.  The  two  engine  generators  and  feeders 
Nos.  I  and  2  are  connected  to  the  lighting  bus-bar.  The  bus-bar 
tie  switch  is  ordinarily  kept  closed,  however,  since  it  is  not  econom- 
ical to  run  with  the  units  separately  loaded  and  is  moreover  un- 
necessary from  the  standpoint  of  voltage  regulation.  As  only  one 
Tirrill  regulator  is  necessary  when  the  machines  are  connected  to- 
gether, it  was  customary  to  put  one  of  the  generators  ordinarily  ctjn- 
nected  to  the  lighting  bus-bar  in  operation,  the  other  being  kept  as 
a  spare.  In  changing  units  from  one  bus-bar  to  another  it  was 
obviously  necessary  for  the  operator  to  see  to  it  that  the  regulator 
and  machines  were  not  separated. 


PK.;.    2 — CONNECTIONS     FOR    USING    TWO    SFTS    OF    CON- 
TROL  MAGNETS   ON   TIRRILL  REGULATOR 

In  order  to  provide  a  safeguard  against  any  of  these  risks,  a 
method  of  combining  the  control  magnets  and  main  contacts  of  two 
regulators  was  devised  by  which  there  would  be  two  independent 
sources  of  alternating-current  voltage,  either  of  which  would  be  at 
all  times  instantly  operative  in  case  of  failure  of  the  other.  The 
wiring  diagram  of  the  regulators  is  shown  in  detail  in  Fig.  2.  The 
arrangement  consists  briefly  in  connecting  the  main  or  floating  con- 
tacts of  two  regulators  in  series,  the  direct-current  and  the  alter- 
nating-current control  magnets  of  both  regulators  being  connected 
to  their  respective  circuits  in  the  usual  way ;  and  the  relay  magnet 
which  controls  the  short-circuiting  of  the  exciter  field  resistance  is 
connected  in  circuit  on  one  regulator  only.  From  the  connections 
indicated  it  may  be  seen  that  the  relay  magnet  will  be  actuated  only 
when  both  sets  of  main  contacts  are  closed.     If  the  control  circuit 


964  THE  ELECTRIC  JOURNAL 

on  one  regulator  is  interrupted,  the  main  contacts  on  this  regulator 
will  close  and  stay  closed,  thereby  allowing  the  main  contacts  on  the 
other  regulator  to  control  the  voltage. 

When  this  method  of  control  was  lirst  placed  in  operation, 
it  was  checked  by  a  test  in  the  following  manner:  An  adjustable 
resistance  was  connected  in  the  alternating-current  control  circuit 
of  each  regulator,  such  as  is  ordinarily  used  for  making  a  change 
in  the  voltage  setting.  This  resistance  had  a  value  of  about  8.5  ohms 
and  was  divided  into  25  points,  each  giving  a  variation  of  about 
one-half  volt.  Both  regulators  were  connected  to  the  same  alter- 
nating-current bus-bar  and  the  ^'oltage  applied  to  their  alternating- 
current  control  magnets  was  adjusted  by  rheostats  in  the  following 
manner: — The  resistance  on  No.  i  regulator  was  cut  in,  thus  low- 
ering the  voltage  applied  to  its  control  magnet  until  the  main  con- 
tacts remained  closed.  Regulator  No.  2  w^as  then  placed  in  service 
in  the  usual  manner;  viz.,  by  closing  the  regulator  switches  and 
adjusting  the  exciter  rheostat  to  the  customary  point,  causing  the 
contacts  to  start  working  in  the  usual  way. 

To  transfer  the  control  of  the  voltage  from  No.  2  to  No.  i 
regulator,  the  resistance  on  No.  i  was  cut  out,  thus  raising  the  volt- 
age applied  to  its  control  magnet  and  at  the  same  time  the  resist- 
ance on  No.  2  regulator  was  cut  in,  thus  lowering  its  impressed 
voltage.  The  main  contacts  on  No.  2  regulator  closed  after  the 
above  adjustment  and  those  on  No.  i  regulator  began  working.  In 
this  way,  by  adjusting  both  resistances,  there  was  a  minimum  re- 
sulting change  in  the  bus-bar  voltage. 

The  method  was  then  reversed  by  raising  the  voltage  applied 
to  No.  2  regulator  and  at  the  same  time  lowering  that  on  No.  i. 
This  caused  the  contacts  on  No.  i  to  close  and  those  on  No.  2 
started  working.  This  demonstrated  that  the  main  contacts  of  the 
control  magnet  having  the  lower  impressed  alternating-current  volt- 
age will  remain  closed,  allowing  the  other  one  to  do  the  regulating. 

The  great  advantage  of  this  method  is  the  duplication  of  the 
most  important  link  of  the  Tirrill  regulator;  i.e.,  the  alternating- 
current  control  circuit,  and  consequently  the  prevention  of  an  ab- 
normal rise  in  alternating-current  line  voltage  wdiich  would  naturally 
follow  the  interruption  of  this  circuit  in  case  one  regulator  only  was 
installed.  Of  course  a  similar  result  might  be  secured  by  the  use 
of  a  regulator  specially  constructed  to  give  this  double  protection 
but  in  this  case  it  was  thought  desirable  to  have  the  entire  duplicate 
regulator  available. 
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6i8 — Rear  Motor  Taking  Current 
First — In  starting  a  car  while  on 
a  curve,  on  an  up  grade  on  bad 
rails,  or  when  otherwise  starting 
under  difficulty,  and  with  the  con- 
troller in  the  series  position,  we 
have  always  noticed  that  the  motor 
on  the  rear  truck  spins  its  wheels 
while  the  motor  on  the  forward 
truck  seemed  to  be  taking  very  lit- 
tle current  if  any,  until  the  control- 
ler was  moved  to  the  multiple  posi- 
tion.    Will  you  please  explain? 

w.  H.  M. 

We  assume  that  the  cars  re- 
ferred to  are  double  truck  cars,  each 
truck  having  one  motor  geared  to 
the  inner  axle.  Under  these  condi- 
tions the  tractive  effort  of  the  mo- 
tors increases  the  pressure  between 
the  rail  and  the  driven  wheels  on  the 
leading  truck,  and  decreases  the 
pressure  between  the  rail  and  the 
driven  wheels  on  the  trailing  truck. 
The  tractive  effort  which  a  motor 
can  exert  being  proportional  to  this 
pressure  between  the  rail  and  the 
driven  wheels,  the  trailing  truck 
wheels  will  always  be  the  first  to  slip 
on  this  type  of  cars,  unless  the  lead- 
ing truck  happens  to  be  on  a  particu- 
larly slippery  spot  in  the  track.  This 
action  is  explained  in  detail  in  an 
article  on  "Weight  Transfer  in  Elec- 
tric Cars  and  Locomotives"  in  the 
Journal  for  Alarch,  191 1,  p.  257. 

G.  M.  E. 

619— Motor  Field  Rheostat  Re- 
placed   by    Speed    Controller — It 

is  desired  to  replace  the  ordinary 
starting  rheostat  of  a  shunt  motor 
witli  a  speed  controller.  What 
data  does  a  controller  manufac- 
turer need  to  supply  a  controller 
for  that  purpose?  p.  j. 

Supply  the  following  data :  i — ■ 
Horse-power  and  voltage  of  motor: 
2 — Whether  shunt  or  compound 
wound;  3 — resistance  of  shunt  field 
winding;    4 — shunt   field    amperes    at 


mininumi  speed ;  5 — shunt  field  am- 
peres at  maximum  speed ;  6 — if  5,  4 
and  5  cannot  be  given,  give  the  make 
and  serial  number  of  the  motor. 
Some  motors  will  not  operate  satis- 
factoriljr  if  the  speed  is  increased  by 
inserting  resistance  in  the  shunt  field. 
In  such  cases  speed  variation  can 
be  secured  by  inserting  resistance  in 
series  with  the  armature.  This  will 
reduce  the  speed,  the  output  being 
reduced  in  proportion  to  the  speed 
reduction.  In  this  case  in  ordering  a 
controller  the  data  should  be  the 
same  as  above,  except  omit  5,  4  and  5 
and  give  the  I6ad  at  which  the  mo- 
tor will  operate,  speed  range  and 
character  of  load.  l.  d. 

620 — Fusing   Secondary  Circuits  of 
Paralleled     Distributing     Trans- 
formers— In  the  residential  parts 
of    a    city    is    it    advisable    to    tie 
together   the   secondaries   of   light- 
ing    transformers     with     either     a 
solid  connection  or  fuse.        j.  c.  h. 
The  use  of  fuses  on  the  second- 
aries   of    lighting    transformers    can 
practically  be  limited  to  dividing  the 
secondaries     into     sections     on    com- 
paratively   large    networks     for    the 
purpose     of     localizing     disturbances 
caused     by     short-circuits.      Several 
transformers     can     be     operated     in 
parallel  very  satisfactorily  with  fuses 
on   the   primary   side   only,    provided 
there   is   a  certain  length   of   second- 
ary   between    the    transformers,    the 
resistance  of  which  will  act  as  a  bal- 
last  to  give   an   even    distribution   of 
load.       '  H.  N.  M. 

621— Motor      Speed     Changed     by 
Shunting    Interpole    Windings — 

In  an  interpole  direct-current  mo- 
tor, if  the  interpole  winding  is 
shunted,  there  will  be  a  change  in 
full-load  speed,  while  the  no-load 
speed  will  be  unaffected.  Would 
vou  please  explain  this  phenomena? 
Can    the    change    in    speed    be    ac- 
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curately  calculated  from  the  wind- 
ing data,  the  shunt  resistance  and 
the  saturation  curve?  l.  k. 

The  normal  method  of  securing 
speed  change  in  an  interpole  shunt 
motor,  is  by  inserting  resistance  in 
series  with  the  shunt  field  winding. 
If  the  motor  is  properly  designed 
and  adjusted,  the  speed  change  ob- 
tained by  shunting  the  interpole 
winding  will  be  relatively  small.  If 
the  brushes  are  not  set  in  the  neutral 
position,  a  change  in  the  interpole 
strength  caused  by  shunting  the  in- 
terpole winding,  will  cause  a  change  in 
speed,  since  with  the  brushes  otT  neu- 
tral the  armature  magnetizing  effect 
no  longer  directly  opposes  the  inter- 
pole magnetizing  effect.  Shifting 
the  brushes  forward  or  backward  on 
an  interpole  machine  produces  the 
same  effect  as  a  similar  shifting  on 
a  non-interpole  machine  except  that 
it  is  more  pronounced.  The  inter- 
pole ampere-turns  not  only  oppose 
the  armature  ampere-turns,  but  also 
set  up  a  field  which  generates  in  the 
coil  short-circuited  by  the  brushes 
an  e.m.f.  of  such  magnitude  as  to 
overcome  the  e.m.f.  of  self-induc- 
tion in  the  coil.  Shunting  the  inter- 
pole winding  has  a  two-fold  effect ; 
it  decreases  the  interpole  flux  and 
the  saturation  in  the  yoke,  and  sec- 
ondly, the  interpole  flux  generates 
in  the  short-circuited  coil  an  e.m.f. 
and  current  which  opposes  the  main 
field,  acting  as  a  very  light  reverse 
compound  winding.  The  change  in 
speed  may  be  estimated,  though  not 
accurately  calculated,  as  the  amount 
of  change  is  so  slight  and  there  are 
several  variables  involved.  Shunt- 
ing the  interpole  will  alter  the  com- 
mutating  characteristics,  and  if  car- 
ried too  far  may  cause  sparking. 

L.  D. 

622 — Changing  Frequency  of  Fan 
Motor — It  is  desired  to  change 
a  133  cycle,  104  volt,  i  200  r.p.m. 
Holtzer-Cabot  single-phase  fan 
motor  to  operate  on  60  cycles  at 
approximately  the  same  speed. 
The  motor  has  12  main  and  T2 
starting  poles.  The  rotor  has  43 
bars.     How  can  this  be  done? 

J.  I.  T. 

This  is  covered  in  a  general  way 
by  the  answer  to  No.  339  in  the  De- 


cember, 1909,  issue,  except  that  six 
poles  instead  of  four  should  be  used 
to  obtain  the  desired  speed.  Al- 
though it  would  be  most  advisable 
to  refer  the  matter  to  the  manufac- 
turers, the  following  may  possibly 
be  of  assistance :  Rewind  the  motor 
for  six  poles  instead  of  twelve,  using 
the  same  distribution  and  connec- 
tion of  the  windings  as  at  present, 
except  that  ten  percent  more  wires 
per  slot  should  be  used  in  the  main 
and  starting  windings  than  at  pres- 
ent. The  wire  sizes  should  remain 
the  same  as  at  present,  provided  it 
is  possible  to  find  room  for  them  in 
the  winding  spaces.  This  should 
give  a  speed  of  approximately  i  100 
r.p.m.  on  a  105  volt,  60  cycle  circuit. 

H.  M.  S. 

623— Magnetization  of  Wire  Used 
for  Phonograph  Needles — A  lo- 
cal factory  making  phonograph 
needles  has  had  its  output  material- 
ly reduced  by  the  appearance  of 
magnetism  in  the  wire  from  which 
the  needles  are  made.  The  electric 
company  claims  that  its  550  volt, 
60  cycle,  three-phase  power  cur- 
rent driving  motors  in  the  factory 
could  not  cause  this.  The  proprie- 
tors think  that  it  is  impossible  for 
their  Bessemer  steel  to  arrive  in  a 
magnetized  condition.  It  is  diffi- 
cult to  prove  this,  as  the  steel 
comes  to  the  factory  in  coils.  Can 
you  suggest  the  probable  source  of 
this  magnetism,  and  some  way  to 
overcome  it  ?  R.  p. 

If  the  steel  has  been  handled  by 
means  of  an  electro-magnet,  this 
might  account  for  the  trouble. 
If  the  wire  is  subjected  to  a 
hardening  process  at  any  time  during 
the  manufacture  of  the  needles  this 
would  have  the  effect  of  eliminating 
any  magnetism  on  the  wire  when 
received.  Magnetism  in  the  finished 
needles  might  also  be  due  to  stray 
fields — either  earth  fields  or  due  io 
neighboring  direct-current  circuits 
such  as  trolley  circuits.  This  mag- 
netism may  be  removed  bv  passing 
the  needles  through  an  alternating- 
current  magnetic  field.  It  is  essential 
that  there  be  no  break  in  the  circuit 
while  the  needles  are  under  its  influ- 
ence. An  arrangement  for  doing 
this  would  be  to  pass  the  needles,  by 
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means  of  some  sort  of  conveyor, 
through  a  liber  or  other  insulating 
tube  wound  with  a  coil  of  wire,  this 
coil  being  connected  to  the  alternat- 
ing-current supply  circuit  with  a  re- 
sistor in  series  to  regulate  the 
strength  of  field.  F.  c. 

624 — Three  Single-  Phase  Regula- 
tors vs.  One  Three-Phase  Unit — 

Is  it  advisable  to  install  three  sin- 
gle-phase units  to  maintain  the 
pressure  of  our  three-phase,  three- 
wire,  2200  volt  bus-bars?  It  would 
seem  that  the  attempt  at  regulation 
of  one  of  the  regulators  would  af- 
fect the  other,  resulting  in  very  un- 
steady operation.  A  three-phase 
regulator  would  doubtless  be  best, 
but  as  we  have  on  hand  three  300 
ampere  single-phase  regulators,  we 
are  considering  installing  them  in 
the  above  manner.  c.  w.  s. 

The  chief  advantages  of  one 
three-phase  regulator  over  three 
single-phase  regulators  are :  Lower 
first  cost;  less  floor  space  required; 
fewer  parts.  A  three-phase  regulator 
will  not  correct  for  unbalanced 
phases,  whereas  with  three  single- 
phase  regulators,  although  each  will 
affect  the  other  two,  a  setting  can  be 
obtained  by  trial  which  will  correct 
any  reasonable  unbalancing  or  varia- 
tion in  voltage.  If  three  single-phase 
regulators  are  available  and  the 
phases  are  balanced,  it  might  be  de- 
sirable to  gear  the  three  regulators 
together  and  operate  them  from  one 
hand  wheel.  The  results  thus  ob- 
tained would  be  practically  the  same 
as  would  be  obtained  from  a  three- 
phase   regulator.  e.  e.  l. 

625 — Portable  Current  Transform- 
er Used  With  Sheathed  Cable- 
Given  a  lead  covered  cable  carry- 
ing alternating-current,  it  is  de- 
sired to  measure  current  or  watts 
using  a  portable  through  type  cur- 
rent transformers.  If  the  sheath 
were  of  lead  and  could  not  be  cut 
and  the  transformer  therefore  had 
to  be  placed  over  it,  what  would  be 
the  error :  a — with  the  lead  cover- 
ing ungrounded :  h — if  grounded 
on  both  sides  of  the  transformer; 
c — if,  instead  of  lead  covering,  the 
cable  were  armoured  with  iron 
wire?  J.  L.  s. 


The  arrangement  would  be  in 
effect  that  of  a  transformer  with  one 
primary  and  two  secondary  wind- 
ings represented  respectively  by  the 
conductor,  the  transformer  winding 
and  the  sheath,  a — With  the  sheath 
ungrounded,  or  grounded  at  only  one 
point,  the  sheath  would  not  form  a 
closed  circuit  and  there  would  conse- 
quently be  no  error  introduced  in 
the  reading  of  the  meter  connected 
to  the  current  transformer,  b — If 
grounded  on  both  sides  of  the  trans- 
former the  lead  sheath  would  form 
a  closed  secondary  circuit  in  multiple 
with  the  secondary  winding  and  an 
error  would  be  introduced,  the  mag- 
nitude of  which  would  depend  upon 
the  cross-section  and  length,  i.  e.,  the 
resistance,  of  the  lead  sheath  form- 
ing this  additional  secondary  circuit. 
c — Single  conductor  cable  with  iron 
sheath  or  armor  cannot  be  used  for 
alternating-current  service  while  ca- 
bles containing  both  outgoing  and  re- 
turn conductors  would,  of  course, 
have  no  magnetizing  effect  if  run 
through  a  current  transformer  as  as- 
sumed in  the  question;  hence  this 
case  is  not  a  practical  one.        H.  B.  T. 

626 — Small   Commutator  Type   Al- 
ternating-C  u  r  r  e  n  t      Motors  — 

Please  give  the  reasons  which 
prompt  a  designer  to  make  certain 
small  alternating-current  motors, 
such  as  for  fans,  vacuum  cleaners, 
etc.,  of  the  commutator  instead  of 
the  induction  type.  J.  s.  a. 

The  use  of  alternating-current 
commutator  motors  in  preference  to 
induction  motors  is  determined  by 
the  capacity,  size  and  speed  of  the 
motor.  For  very  small  capacities  it 
is  desirable  to  keep  the  diameter  as 
small  as  possible,  and  in  most  cases 
a  series  motor  can  be  made  smaller 
than  an  induction  motor.  In  the 
case  of  fan  motors  it  is  also  desir- 
able to  have  speed  control,  which 
cannot  be  obtained  on  induction  mo- 
tors except  within  very  small  limits. 
For  vacuum  cleaners  very  high 
speeds  are  used  in  order  to  reduce 
the  size  and  weight  of  the  outfit  for 
a  given  output.  With  induction  mo- 
tors, a  two-pole  synchronous  speed 
is  the  highest  speed  that  can  be  ob- 
tained.     On    60    cycles    this    is    3600 
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r.p.m.  whereas  vacuum  cleaners  oper- 
ated by  means  of  series  type  alternat- 
ing-current motors  commonly  run  at 
speeds  varying  from  5  000  to  7  000 
r.p.m.  c.  A.  M.  w. 

627— Induction  Motor  Winding 
Data  from  Name  Plate — Given  a 
tliree-phase  induction  motor  frame, 
name  plate  data  and  coils  for 
winding,  how  may  the  slot  span  of 
the  coils  be  determined?  Also 
whether  the  connection  shall  be 
delta  or  star?  J.  G.  b. 

The  safe  way  is  to  follow  the 
throw  of  coils  and  method  of  con- 
nections as  determined  from  the 
original  winding.  If  this  cannot  be 
done,  secure  the  proper  information 
from  the  motor  manufacturer,  re- 
ferring to  the  serial  number  of  the 
motor  and  stating  the  rating  in 
horse-power,  current,  voltage,  fre- 
quency, etc.,  as  shown  on  the  name 
plate  of  the  machine.  R.  s.  f. 

628 — Armature   Coils — a — Do  arma- 
ture   coils    deteriorate    by    keeping 
them    on    hand?      fc— What    is    the 
best  way  to  take  care  of  them  when 
they    are    to    be    kept    for    several 
months?     c — How   long   should   an 
armature   be   baked   after   winding, 
and  at  what  temperature?       w.  e.  c. 
a — Armature     coils,     as     usually 
treated    with    a    linseed    oil    varnish, 
will  in  time  become  brittle  due  to  tlie 
continued   oxidation    of    the   varnish. 
This    effect    in    itself    does    no    harm 
but    makes    the    insulating    material 
easily     damaged     in     handling,      b — 
Keep   in   some  dry  place,  and   if  not 
exposed  to  the   air  the  material  will 
remain   flexible.      No    serious    results 
will  be  experienced  with  coils  which 
are   not   used   within   one   year,      c — 
Ten  to  12  hours  at  a  temperature  of 
200  to  225  degrees  F.  r.  a.  m.  c. 

629 — Determination  of  Secondary 
Current  in  Lovir  Voltage  Trans- 
former— Please  advise  the  most 
satisfactory  method  for  determining 
the  current  in  the  low  voltage  sec- 
ondary windings  of  a  transformer 
for  electric  welding  purposes  which 
carries  as  high  as  30000  amperes. 
We  have  found  it  impractical  to 
use  a  series  transformer  to  sttr- 
round  the  conductor,  and  would 
like  to  know  if  the  values  can  be 
calculated  from  a  vector  diagram 
of  the  primary  current  with  rea- 
sonable accuracy.  p.  c. 


If  the  transformer  is  of  normal 
design  it  will  be  approximately  cor- 
rect to  take  the  secondary  full-load 
current  as  equal  to  the  primary  full- 
jorid    current    multiplied   by   tlic    ratio 


Fig.   C29    (a) 

of  primary  to  secondary  turns.  For 
very  low  loads  this  will  not  be  cor- 
rect, but  the  simple  diagram  of  Fig. 
629  (a)  will  serve  to  illustrate  the 
method  of  obtaining  the  value  of  the 
secondary  current.  It  is  equal  to  the 
load  current  in  the  primary  multi- 
plied by  the  ratio  of  the  primary  and 
secondary   turns.  c.  F. 

630 — Specifications  for  Field  Rheo- 
stats—  Please  give  the  exact 
method  of  determining  the  specifi- 
cations of  rheostats  for  the  fields 
of  both  alternating-current  and  di- 
rect-current machines.  h.  g.  h. 

The  function  of  a  field  rheostat 
is  to  regulate  the  voltage,  speed,  or 
power-factor  of  a  machine.  Having 
given  the  limits  between  which  the 
machine  is  to  be  regulated,  it  is  first 
necessary  to  determine  the  maximum 
and  minimum  shunt  field  currents. 
.■\lternating-current  machines  and  di- 
rect-current motors  are  ordinarily 
excited  from  a  constant  voltage,  so 
that  the  exciting  voltage  divided  by 
the  minimum  field  current  gives  the 
total  resistance  required  in  the  field 
circuit.  Subtracting  from  this  value 
the  resistance  of  the  field  gives  the 
resistance  required  in  the  rheostat. 
The  maximum  current  is  obtained 
by  dividing  the  exciting  voltage  by 
the  field  resistance.  Direct-current 
generator  rheostats  are  figured  in  a 
similar  manner,  except  that  the  ex- 
citing voltage  changes  and  the  mini- 
mum or  maximum  voltage  corre- 
sponding to  minimum  or  maximum 
field  current  is  used  instead  of  a  con- 
stant exciting  voltage.  The  number 
of  steps,  and  resistance  per  step,  de- 
pends on  the  kind  of  regulation  to  be 
secured.  h.  c.  n. 
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In  the  early  development  of  mines  and  until  com- 

Electric         paratively  recent  years,  little  thought  was  given  to 

Locomotives     the  heavy  traffic  through  the  entries  as  the  mines 

for  Mines        were  developed  and  extended.     As  a  rule,  animal 

haulage  was  adopted  and  tracks  were  laid  on  the 

basis  that  the  loaded  cars  would  be  the  heaviest  equipment  to  be 

carried. 

When  the  workings  of  the  mines  became  remote  from  the 
point  of  delivery  of  the  product,  and  with  the  successful  develop- 
ment of  electric  locomotives,  rapid  progress  was  made  in  the  in- 
troduction of  such  locomotives  as  a  substitute  for  animal  haulage, 
Where  the  track  construction  was  comparatively  light,  owing  to 
the  initial  conditions,  small  locomotives  were  necessarily  employed. 
In  many  instances,  however,  the  traffic  conditions  were  heavy 
enough  to  justify  re-laying  the  tracks  for  a  more  economic  trans- 
portation system  using  heavier  locomotives.  In  a  large  majority 
of  cases  the  gauges  were  narrow  and  the  result  was  that  the  motor 
equipment  was  necessarily  more  restricted  on  account  of  space  limi- 
tations than,  for  example,  in  the  case  of  street  railway  equipments. 
For  this  reason  extreme  care  had  to  be  exercised  in  regard  to  the 
handling  of  the  equipment,  and  the  earlier  locomotives  were  sup- 
plied with  motors  of  relatively  small  capacity,  ranging  from  as  low 
as  five  horse-power  per  ton  weight  of  locomotive  to  a  possible 
maximum  of  eight  horse-power  per  ton,  based  upon  speeds  of  six 
to  seven  miles  per  hour. 

At  the  present  time,  unless  the  territory  is  known  to  be  ex- 
tremely gaseous,  no  coal  mine  is  laid  out  without  due  consideration 
of  electric  haulage,  and  furthermore,  in  the  transformation  of  the 
older  mines  it  is  now  realized  that  competition  in  the  production 
of  coal  demands  the  most  economic  haulage  system  available.  As 
a  result  nearly  all  operators  are  willing  to  lay  track  sufficiently 
heavy  to  take  care  of  the  motive  power  equipment  best  suited  to 
the  conditions. 

It  has  been  demonstrated  that  there  is  no  safe  rule  to  adopt  in 
regard  to  horse-power  per  ton  of  locomotive  equipment,  but  that 
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it  is  preferable  to  secure  all  possible  information  in  regard  to  the 
conditions  to  be  met,  in  the  same  manner  that  the  service  conditions 
are  figured  for  street  railway  equipment;  and  the  proper  equip- 
ments, based  on  up-to-date  ideas  and  methods,  should  be  selected 
to  suit  the  local  conditions.  Due  appreciation  of  this  situation  has 
not  been  generally  shown  by  the  mining  trade,  but  they  are  now 
rapidly  recognizing  the  necessity  of  engineering  in  laying  out  their 
haulage  systems. 

The  article  by  Mr.  Graham  Bright  in  this  issue  of  the  Journal. 
is,  therefore,  timely  and  should  be  of  great  assistance  in  dealing 
with  problems  of  this  character.  It  indicates  forcibly  the  advan- 
tages, both  to  the  user  and  the  manufacturer  of  electric  mine  loco- 
motives, of  a  full  knowledge  on  the  part  of  the  prospective  user 
as  to  the  basis  upon  which  the  locomotive  equipments  are  legiti- 
matelv  determined.  W.  A.  Thomas 


It  is  well  now  and  then  to  get  a  good  perspective 
Addresses  to    view  of  our  surroundings,  to  climb  a  high  hill  or 
Engineering     a  mountain  peak  and  look  over  the  plain  or  valley 
Students        in  which  we  live,  in  order  to  see  where  we  are  with 
reference  to  other  people,  to  observe  how  our  inter- 
ests are  related  to  theirs,   and  to   find  whether  our   attitude,  our 
efforts  and  our  ideals  are  in  proper  accord  with  the  world  about 
us.     Rising  out  of  the  general  level  of  technical  matters,  of  wind- 
ings and  calculations,  of  power  transmission  and  motor  drive,  of 
prime  movers  and  efficient  operation,  there  have  now  and  then  been 
articles  in  the  Journal  which  rise  like  high  peaks  upon  which  one 
may  climb  and  get  a  broader  view,  a  refreshing  breath  and  a  new 
inspiration.     In  one  of  the  very  early  issues  was  that  strong  article 
by  Mr.  Frenyear  on  "Man  Power."     \Miat  keen  insight  he  gives 
us  into  the  philosophy  of  life;  how  well  he  analyzes  the  elements 
which  give  power  to  the  individual  and  lead  to  the  true  principle  in 
the  management  of  men ;  "getting  others  to  do  what  you  want  done 
while  they  themselves  are  doing  what  they  themselves  wish  to  do. 
Inspiring  others  with  a  desire  to  do  what  you  want  done,  not  driv- 
ing them  to  do  it.     Knowing  men,  setting  before  them  the  objects 
of  their  ambition  and  affection  in  the  line  of  your  own  purposes." 
There  is  a  general  tendency  among  engineers  to  do  the  smaller, 
lesser  thing,  to  get  so  close  to  details  that  one  cannot  see  beyond, 
or  to  be  so  absorbed  in  pure  engineering  that  its  larger  relations  to 
life  are  obscured. 
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Youth  is  the  time  for  large  vision  and  high  ideals.  And  yet 
the  editors  of  "Addresses  to  Engineering  Students'"  say  that  most 
young  men  who  enter  the  engineering  courses  of  technical  schools 
do  so  because  their  parents  desire  them  to  receive  a  useful  educa- 
tion or  because  they  think  engineering  a  good  calling  in  which  to 
make  a  living,  while  "very  few  enter  on  account  of  a  heartfelt  ad- 
miration of  engineering  as  the  profession  of  progress,  to  which  is 
due  practically  all  of  the  wonderful  developments  of  the  last  one 
hundred  years — developments  that  have  so  added  to  the  comforts 
and  conveniences  of  man  as  to  make  life  truly  worth  living  instead 
of  a  burden  grievous  to  be  borne."  To  give  the  true  point  of 
vision  they  have  brought  together  in  one  volume  some  forty  ad- 
dresses to  students  by  educators  and  engineers. 

It  is  interesting  to  note  how  many  of  these  addresses  have  ap- 
peared in  the  Journal,  such  as  "The  Durable  Satisfactions  of 
Life,"  by  President  Eliot;  "Business  Training  for  the  Engineer," 
by  President  Humphreys;  "Some  Relations  of  the  Engineer  to  So- 
ciety," by  Col.  H.  G.  Prout ;  "The  Point  of  View."  by  Mr.  Walter 
C.  Kerr,  and  "Study  Men,"  by  Mr.  Hayford.  This  is  sutficient  as- 
surance to  the  Journal  readers  that  this  collection  of  addresses, 
directed  primarily  to  the  engineering  student  in  college,  is  of  prime 
interest  to  the  students  of  later  years  who  seek  the  inspiration  which 
such  addresses  give  to  those  who  belong  to  the  profession  of  pro- 
gress. 

The  editors  of  "Addresses  to  Engineering  Students",  Messrs. 
Waddell  and  Harrington,  consulting  engineers  of  Kansas  City,  Mo., 
have  contributed  of  their  tire  and  effort  and  money  in  order  that 
this  notable  book,  which  would  ordinarily  command  several  dol- 
lars, may  be  sold  for  one.  They  have  done  a  notable  service  to  the 
engineering  student  and  to  the  engineering  profession. 

Chas.  F.  Scott 


The  time  honored  method  for  determining  the  f ric- 
Friction  Loss   ^.^^^  j^^^  .^^  ^  jj^^  ^j^^^^_  -^  ^^  ^^^^  ^^  ^^  ^j^^  ^^^^^ 

*  from    the    line    shaft    to    individual    machines    or 

"  ***  counter-shafts  and  indicate  the  engine.  The  dif- 
ference between  the  full  load  on  the  engine,,  and  the  value  of  fric- 
tion loss  thus  obtained  has  been  assumed  to  be  useful  work.  While 
it  has  been  generally  understood  that  the  friction  loss  is  greater 
at  full  load  than  at  light  load,  no  ready  means  has  been  available 
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for  accurately  determining  how  much  greater  it  has  been,  and  the 
error  involved  has  been  neglected.  Owing  to  the  close  competition 
between  the  various  methods  of  drive  for  factory  machinery,  an- 
alyses of  operating  conditions  are  being  made  more  carefully  than 
has  been  customary  in  the  past.  The  article  by  ^Ir.  Popcke,  in  the 
present  issue  of  the  Journal,  includes  a  method  by  means  of 
which  the  full-load  friction  loss  may  be  measured  with  an  accuracy 
which  is  well  within  commercial  require  iients  for  work  of  this 
type.  This  method  is  based  on  the  assumption  that  the  full- 
load  plus  the  friction  loss  can  be  treasured,  either  by  an  indicator, 
or  by  electrical  methods,  and  that  if  certain  sections  of  the  load  be 
cut  off  by  clutches,  throwing  oft'  of  belts  or  other  sniiilar  method, 
and  the  remaining  load  measured,  the  difference  will  represent  the 
power  consumed  in  the  section  cut  off.  The  dift'erence  between 
the  power  used  in  the  various  sections,  and  the  total  power  used 
equals  the  full  load  friction  loss.  The  error  consists  in  assuming 
that  the  friction  loss  in  the  transmitting  belts  and  shafting  remains 
the  same  before  and  after  a  section,  of  the  load  is  removed.  This 
error  is  comparatively  small,  however,  if  a  sufficient  number  of 
sections  are  chosen,  and  is  also  in  a  conservative  direction,  i.e.,  it 
tends  to  make  the  calculated  value  of  the  friction  loss  less  than  the 
actual.  If  greater  accuracy  of  method  is  desired,  this  error  can  be 
calculated  by  assuming  that  it  bears  the  same  ratio  to  the  differ- 
ence between  no-load  friction  and  full-load  friction  that  the  aver- 
age power  required  for  each  of  the  sections  does  to  the  total  amount 
of  power. 

Another  variable  source  of  error  lies  in  the  fact  that  if  indi- 
cator cards  must  be  taken,  the  load  is  liable  to  vary  between  read- 
ings. In  a  large  plant,  such  as  that  tested  by  Mr.  Popcke.  the 
error  from  this  source  will  probably  be  small  as,  owing  to  the  large 
number  of  machines  in  operation,  the  load  remains  fairly  constant. 
In  fact,  readings  as  given  in  one  of  the  tables  show  that  the  total 
load  varied  by  an  amount  not  much  greater  than  the  accuracy  of  an 
indicator  mechanism  with  its  subsequent  planimeter  readings. 

It  would  have  been  possible  in  this  particular  plant  to  further 
sub-divide  the  load  by  throwing  off  belts  from  the  machines  on  a 
section  of  each  floor,  and  thus  obtain  also  the  friction  loss  of  the 
line  shafting  on  each  floor  at  full-load.  If  too  great  a  subdivision 
is  made,  however,  the  differences  become  so  small  a  proportion  of 
the  total  load  that  a  very  slight  error  in  the  measurement  of  the 
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latter  will  make  a  very  large  error  in  the  resulting  figures  for  fric- 
tion loss.  This  difficulty  could  be  overcome  by  inserting  a  trans- 
mission dynamometer  or  electric  motor  and  reading  the  total  load 
on  the  floor  or  section  by  this  means,  but  it  is  doubtful  if,  in  the 
majority  of  cases,  the  information  secured  would  be  worth  the  ex- 
pense of  such  a  test,  if  the  test  involves  also  a  loss  of  production. 

The  plant  which  was  the  subject  of  this  particular  test  was 
especially  well  arranged  for  such  a  purpose  in  that  each  floor  could 
be  disconnected  separately  by  means  of  a  clutch.  The  method  is, 
however,  applicable  to  any  shop  where  the  load  can  be  kept  ap- 
proximately constant. 

In  another  respect  also,  Mr.  Popcke's  methods  of  calculation 
are  to  be  emulated.  While  admittedly  arguing  in  favor  of  indi- 
vidual drive,  he  nevertheless  concedes  to  the  other  methods  every 
possible  advantage.  Calculating  the  no-load  losses  for  an  indi- 
vidual drive  is  undoubtedly  unique.  Moreover  the  no-load  losses 
in  the  motors  for  the  group  drive  have  been  neglected,  although  in 
this  case  the  motor  is  operating  at  nearly  half  load  and  a  direct 
comparison  is  made  between  the  two  cases.  It  is  evident  that  Mr. 
Popcke  believes  that  if  an  advantage  can  be  shown  in  spite  of  this 
and  other  handicaps,  the  argument  is  so  much  the  stronger.  The 
advisability  of  a  conservative  attitude  in  submitting  a  commercial 
report  admits  of  no  argument.  If  a  saving  of  twenty-five  percent 
has  been  promised  as  the  result  of  a  change  in  method  of  drive, 
and  a  larger  saving  is  actually  secured,  no  ill  feelings  follow,  but 
a  reversal  of  this  condition  is  sure  to  result  in  a  distrust  of  any 
future  reports  from  the  same  source.  Chas.  R.  Riker 


PARALLEL  OPERATION  OF  COMPOUND-WOUND 
GENERATORS 

C.  I.  YOUNG 

TWO  compound-wound  generators  may,  in  general,  be  run  in 
parallel  by  shunting  the  series  fields  of  either  one  or  both 
of  them  in  such  a  way  as  to  secure  the  same  no-load  and 
same  full-load  voltages.  But  in  such  cases  it  is  often  found  im- 
possible to  maintain  the  balance  in  load  between  the  machines  with- 
out frequent  adjustment  of  their  shunt  field  rheostats.  It  is  obvi- 
ously desirable  that  satisfactory  adjustments  should  be  made  at 
the  time  of  erection  so  that  a  minimum  amount  of  attention  will 
be  required  in  operation. 

The  factors  to  take  into  account  for  parallel  operation  of  two 
over-compounded  direct-current  generators  are : — 

I — The  desired   rate  of  over-compounding  and   its   relation 

to  the  generator  capacity. 
2 — The  resistance  of  the  series  field  and  its  shunt. 
3 — The  resistance  of  the  cable  between  the  series  field  and 
the  bus-bar;  also  the  resistance  of  the  bus-bar  between 
the  points  where  the  series  fields  of  the  two  machines 
are  connected. 
4 — The  shape   of   the   e.m.f.    regulation   curves  of   the   two 

machines. 
5 — The  resistance  of  the  equalizer. 
TJie  Rate  of  Over-compounding  is  the  measure  of  increase  in 
e.m.f.  from  no  load  to  full  load,  due  mainly  to  the  series  field 
winding.  It  may  be  expressed  in  terms  of  volts  rise  per  ampere 
output  of  generator,  and  designated  by  the  letter  K.  For  example, 
assume  a  no-load  voltage  of  230  and  full-load  voltage  240,  the  rise 
in  voltage  is  10.  For  a  generator  whose  full-load  current  is  100 
amperes,  K  will  be  10  -^  100  ==  o.i. 

Where  two  generators  A  and  B  are  of  difi:'erent  capacities,  the 
load  should  be  divided  between  them  in  ]M-oportion  to  their  capa- 
cities ;  therefore  each  machine  should  over-compoimd  at  a  rate  in- 
versely proportional  to  its  capacity. 

Assume  a  no-load  voltage  of  230  and  a  full-load  voltage  of 
240.  Let  the  full-load  current  of  A  be  60a  amperes  and  that  of  B, 
800  amperes.  With  a  load  of  600  amperes,  A  should  over-com- 
pound ten  volts,  or  K  =^  0,0167.     Likewise    B    should    over-coni- 
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pound  ten  volts  with  800  amperes,  or  A.'  =^  0.0125.  Ordinaril\- 
the  series  fields  of  compound-wound  machines  are  designed  to  give 
the  maximum  increase  in  voltage  which  they  are  likely  to  be  called 
upon  to  furnish.  It  is  generally  necessary  to  shunt  these  fields  by 
resistances  in  order  to  reduce  their  compounding  to  the  desired 
amount.  The  amount  of  over-compounding  varies  with  the  cur- 
rent that  passes  through  the  series  field  winding ;  this  variation 
would  be  in  proportion  to  the  current  were  it  not  for  variations  in 
the  strength  of  the  shunt  field  due  to  rise  or  fall  in  voltage,  varia- 
tions in  speed  of  rotation  due  to  change  in  load,  and  also  the  fact 
that  the  strength  of  a  magnetic  field  does  not  vary  in  direct  pro- 
portion to  the  exciting  current.  Characteristic  curves,  plotted  from 
simultaneous  readings  on  a  150  kw,  250  volt,  direct-current  engine 
type  generator  without  a  shunt  on  the  series  field,  are  given  in  Fig. 
I.  From  no-load  to  full-load  (600  amperes)  the  machine  over- 
compounds  from  230  to  250  volts,  and  K  =  20  -i-  600  =  0.0333. 
This,  however,  is  only  the  average  rate.  Taking  successive  steps 
it  may  be  seen  that  from  o  to  100  amperes  the  voltage  rises  from 
230  to  about  237.5,  ^"<i  ^  =  0-0/5  >  from  100  to  200  amperes,  K  = 
0.071  ;  from  600  to  700  amperes  K  =  o.oi.  This  characteristic 
will  be  referred  to  later  as  it  has  a  direct  and  important  bearing 
on  the  division  of  load  between  compound-wound  generators. 

RESISTANCE   OF   THE   SHUNT 

In  making  the  first  determination  of  the  amount  of  resistance 
required  in  parallel  with  the  series  field,  the  method  is  as  follows : — 

Assume  that  generator  A,  Fig.  2,  is  running  alone  with  no 
shunt  on  the  series  field,  and  that  it  over-compounds  from  230  to 
250  volts  from  no-load  to  full-load  of  600  amperes.  It  has  882 
turns  per  coil  in  the  shunt  field  and  eight  turns  per  coil  in  the  series 
field.  The  resistance  of  the  series  field  is  0.00316  ohms,  and  the 
curve  for  shunt  field  amperes  combined  with  the  regulation  curve 
shows  that  the  resistance  of  the  shunt  field  plus  the  rheostat  section 
necessary  to  give  230  volts  at  no-load  is  34.1  ohms. 

It  is  desired  to  run  the  machine  at  245  volts  at  full-load  with- 
out change  in  the  no-load  voltage;  that  is,  to  reduce  an  over-com- 
pounding of  20  volts  to  15  volts  by  means  of  a  shunt  on  the  series 
field.  From  the  saturation  curve,  Fig.  i,  it  is  seen  that  with  the 
shunt  field  alone,  at  full  load,  12.3  field  amperes  are  required  to 
produce   245   volts.     This   means   that   the   total    ampere-turns    re- 
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quired  to  produce  245  volts  at  full-load  equals  12.3  X  882=  10850. 
However,  at  245  volts,  with  the  rheostat  setting  correct  for  230 
volts  at  no  load,  the  shunt  field  current,  as  read  from  the  curve,  or 
as  calculated  (245  -f-  34.1)  =  7.19  amperes.  The  shunt  ampere- 
turns  equal  7.19  X  882  =  6330  and  the  series  field  must  evidently 
furnish  4  520  ampere-turns  to  make  the  requisite  total  of  10  850. 
The  current  in  the  series  field  must  therefore  equal  the  ampere- 
turns  (4  520)  divided 
by  the  series  turns  (8) 
=  565  amperes.  The 
series  field  shunt  must 
then  carry  35  amperes, 
and  its  resistance  must 
equal  565  ~  35  or  16.1 
times  that  of  the  series 
field,  i.e..  16.1  X 
0.00316  =  0.052  ohms. 

A  more  usual  con- 
dition is  the  case  of  a 
generator  that  has  al- 
ready been  supplied 
with  a  shunt  for  the 
series  field,  but  still 
over  -  compounds  too 
much.  In  this  case  it 
is  much  inore  conveni- 
ent to  consider  the  com- 
bined series  field  and 
shunt  resistance  as  a 
unit,  in  which  case  the 
resistance    of    the    new 

FIG.     I — REGULATION    AND    SATURATION    CURVES    OF     shunt     CaU     bc     foUud     in 
600    AMPERE    250    VOLT    200    R.P.M.    ENGINE-TYPE        ,  .       ^  ^    ^, 

GENERATOR  ohms,  or  in  terms  ot  the 

combined  resistance,  by 
the  method  previously  outlined.  This  new  resistance  can  then  be 
added  in  parallel  to  the  other  shunt.  The  same  result  can  likewise 
be  secured  by  putting  a  resistance  in  series  with  the  series  coil, 
5'a,  inside  its  connection  with  R^.  This  will  send  a  greater  propor- 
tion of  the  total  current  through  i?a,  thus  decreasing  the  compound- 
ing, and  will  also  slightly  increase  the  resistance  of  the  total  circuit. 
In  case  the  compounding  is  to  be  increased,  the  old  shunt  will  hav* 
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R^ 


to  be  replaced  by  one  of  higher  resistance,  or  an  additional  resist- 
ance may  be  placed  in  series  with  i?a  inside  its  connection  with  5"a. 
It  is  thus  frequently  unnecessary  to  determine  the  resistance  of  the 
series  field  and  its  shunt,  separately.  When  this  is  necessary,  the 
circuit  of  either  the  series  field  or  its  shunt  will  have  to  be  opened 
and  the  resistance  of  the  other  measured  independently. 

COMPARATIVE   RESISTANCE   OF   THE    CIRCUITS 

The  next  point  is  the  determination  of  the  relative  resistance 
of  the  series  field  circuits  of  the  two  machines.  Assume,  for  the 
present,  that  the  resistance  of  the  equalizer  is  zero.  It  will  be  seen 
that  the  circuits  to  be  compared  in  Fig.  2  do  not  consist  merely  of 
the  series  fields 
with      their      shunt  r^lKK5^— I 

resistance,  but  in- 
clude cables  and 
b  u  s  -  b  a  r  s  ;  it  is 
therefore  necessary 
that  the  resistance 
of  AA'B'  be  com- 
pared with  BB'  and 
that  these  resist- 
ances be  inversely 
proportional  to  the 
capacities  of  the 
machines.  Where 
this  proportion  does 
not  exist  the  proper 
amount  of  series  resistance  may  be  inserted  in  the  cable  between 
the  series  field  of  one  machine  and  the  bus-bar. 

If  the  resistance  of  the  series  field  circuit  AA'  B'  is  correctly 
proportioned  to  BB'  for  the  proper  division  of  load,  and  a  shunt 
Ra.  is  placed  across  .S"a,  the  resistance  of  AA'  B'  is  reduced  and  the 
proportion  changed.  To  bring  it  back  to  its  original  value,  a  re- 
sistance ^a  must  be  inserted  equal  to  the  diflference  between  the  re- 
sistance of  the  series  field,  and  the  combined  resistance  of  the  field 

I 


\-\/\/\/^ 


FK;.      2 — DIAGRAM      OF     CONNECTIONS     FOR     TWO     COM- 
POUND-WOUND    GENERATORS     IN     PARALLEL 


and  its  shunt.     Then  r^, 


S. 


which  can  be  solved 


R. 


directly    in    ohms,   or   by    assuming 


I,  and  R^  in  terms  of 
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5"a,  r,  can  be  solved  in  percentages.       Thus,  in  the  case  assumed 

For  example,  assume,  in  the  case  cited  above, 

Cable  and  bus  =  0.002      ohms  =  200  ft.  of  i  000  000  C.  M.  cable 
S»  :=  0.00316  ohms 


Then  AA'B'     =0.00516  ohms 

Inserting  Ra  =  0.052  ohms  in  shunt 

with  S„ 

R.&S.  in  parallel  =        ^        ^      j 

=  0.00298  ohms 

0.00316    0.05^ 
Cable  and  bus         = 

0.00200  ohms 

I 

r.                                                               =  •  Sn 

=  0.00018  ohms 

17.1 

AA'B' 

=  0.00516  ohms 

Paralleling  the  series   field  bv 

a  shunt  resistance, 

always  re- 
duces the  compounding  of  a  machine.  But  occasionally  the  con- 
dition arises  where  the  compounding  must  not  be  changed,  but  still 
the  machines  do  not  run  properly  in  parallel.  In  such  a  case,  with 
machines  of  similar  characteristics,  the  desired  results  may  be  ob- 
tained by  inserting  a  resistance  in  the  main  lead  of  the  machine 
which  is  giving  excess  current,  its  value  being  such  that  the  resist- 
ance of  the  machine  circuits  will  become  inversely  proportional  to 
their  capacities. 

It  is,  of  course,  impossible  to  raise  the  compounding  of  a  ma- 
chine by  any  current  of  its  own,  beyond  that  produced  by  its  maxi- 
mum series  field.  When  paralleled  with  a  machine  of  higher  com- 
pounding characteristics,  however,  it  is  possible  to  make  the  bus- 
bar voltage  higher  than  that  produced  by  the  lower  voltage  machine 
operating  alone.  This  is  done  by  sending  part  of  the  current  from 
the  one  machine  through  the  series  field  of  the  other.  For  instance, 
assume  that  machine  A  over-compounds  20  volts  at  full  load  of  400 
amperes  and  that  machine  B  over-compounds  ten  volts  at  full  load 
of  800  amperes  and  that  both  machines  flat  compound  with  half 
full-load  current  in  the  series  field.  The  resistance  of  the  field  and 
leads  of  both  machines  is  the  same  and  equal  to  o.iohm.  It  is  de- 
sired to  have  the  machines  divide  the  load  equally  at  maximum 
over-compounding. 

For  a  short  cut  method,  in  case  the  saturation  curves  of  the 
two  machines  are  not  available,  knowing  the  current  necessary  in 
the  series  field  to  produce  flat  compounding,  and  the  voltage  rise 
produced  by  full-load  current,  it  may  be  assumed  that  between  these 
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values  the  voltage  rise  is  proportional  to  the  current  rise.  Under 
the  conditions  assumed,  with  negligible  equalizer  resistance  the  ma- 
chines would  tend  to  divide  the  load  as  follows : — 

Machine  A  has  a  voltage  rise  of  o.i  volts  per  ampere  in  the 
series  field,  starting  with  200  amperes  in  the  series  field  and  full 
load  in  the  armature,  while  machine  B  has  a  rise  of  0.025  volts  per 
ampere,  starting  with  400  amperes  in  the  series  field  and  full  load 
on  the  armature.  This  leaves  600  amperes  to  be  divided  between 
the  two  machines  so  as  to  produce  equal  voltages  and  maximum 

compounding.       Manifestly    ^  .V^     °^  ^^^  °^  -^^°  amperes  should 

"•  ^^  0.025       ^  ^ 

go  through  the  field  of  machine  B  and  -^^^  ol  600  or  120  am- 
peres through  the  field  of  machine  A.  This  will  produce  a  rise 
above  flat  compounding  of  12  volts  in  each  machine.  Machine  A 
then  carries  200  -(-  120  or  320  amperes  and  B  carries  400  +  480  = 
880  amperes.  The  resistances  of  the  two  circuits  must  vary  in  in- 
verse proportion  to  the  current.     As  the  resistance  of  B  cannot  be 

,  880      , 
decreased,  A  must  then  be  made  to  equal  of  o.i  =  0.275  ohms. 

i.e.,  a  resistance  of  0.175  ohms  must  be  added  to  this  circuit.  More 
exact  results  may,  of  course,  be  obtained  if  the  saturation  curves 
of  the  machines  are  obtainable,  but  the  above  method  gives  a  good 
approximation.* 

While  actual  values  in  ohms  have  been  used  in  the  dis- 
cussion on  the  resistance  of  the  series  field,  its  shunt,  cables,  etc.. 
the  knowledge  of  relative  values  rather  than  actual  values  is  all  that 
is  required.  Referring  to  Fig.  2,  if  S^  is  to  carry  75  percent  of  the 
output  of  generator  A,  R^.  must  have  three  times  the  resistance  of 
Sa,  whatever  that  resistance  may  be.  If  generator  B  has  twice  the 
capacity  of  A,  the  series  field  circuit  of  A,  which  is  AA'  B' ,  must 
have  twice  the  resistance  of  BB' .  (In  this  connection  note  that 
the  selection  of  B'  as  the  junction  common  to  both  has  been  de- 
termined by  the  position  of  the  feeders  on  the  bus-bars.  Had  the 
feeders  been  above  A' ,  that  point  would  have  been  the  common 
junction,  and  in  that  case  AA'  should  have  twice  the  resistance  of 
BB'  A'   to  satisfy  the  conditions  just  cited). 

*Fcr  description  of  an  extreme  case  of  this  kind  which  was  satisfac- 
torily solved  by  the  method  outlined,  see  article  by  Air.  H.  L.  Beach,  in  the 
JouKNAL  for  November,  IQ09,  p.  683. 
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The  use  of  a  millivoltmeter  offers  a  practical  method  for  de- 
termining the  relative  values  of  resistances.  For  example;  if  a 
shunt  is  required  having  a  resistance  three  times  that  of  the  series 
field  winding,  connect  the  german  silver  strips,  from  which  the  shunt 
is  to  be  made,  in  series  with  the  field ;  put  on  a  load,  with  ammeter 
in  circuit  to  determine  when  the  current  is  constant  and,  by  means 
of  the  millivoltmeter,  find  a  length  of  the  german  silver  strip  that 
will  give  a  drop  three  times  that  found  across  the  terminals  of  the 
series  field.  The  resistance  in  ohms  can  be  calculated  from  tht; 
values  secured,  but  is  not  necessary. 

If  the  station  load  is  not  suitable  for  test  pur])oses,  the  gener- 
ator may  be  run  at  a  very  low  voltage,  i.e.,  in  a  very  weak  field, 

and  short-c  i  r  c  u  i  t  e  d 
through  the  series  field, 
german  silver  strip,  cir- 
cuit breaker  and  am- 
meter. The  suggested 
arrangement  is  shown 
in  Fig.  3,  where  A  is 
the  armature,  cf  the 
shunt  field  in  series 
with  a  high  resistance 
rheostat  R,  and  shunted 
if  necessary  by  a  second 
rheostat  R' ;  ab  is  the 
series  field  and  he  the  german  silver  strip.  Comparative  drops 
are  taken  across  ah  and  hx.  It  is  not  impossible  that  the  test  may 
be  made  with  the  shunt  field  open,  using  the  series  field  only.  The 
current  may  be  kept  down,  if  necessary,  by  the  insertion  of  addi- 
tional resistance  or  by  reduction  of  the  engine  speed. 

A  comparison  of  the  resistance  of  the  series  fields  or  of  the 
generator  leads,  as  for  instance,"  AA'B'  with  BB' ,  Fig,  i,  can  be 
made  by  a  similar  test.  Preferably  the  same  ammeter  should  be 
used  in  the  two  tests,  and  also  as  nearly  as  possible,  the  same  load. 
If  different  ammeters  are  used  they  should  first  be  compared  in 
order  to  find  the  corrective  factor  to  apply  when  comparing  read- 
ings. In  view  of  the  fact  that  copper  and  german  silver  have 
widely  different  temperature  coefficients  it  is  better  to  make  the 
above  measurements  after  the  generators  have  been  operating  under 
full  load  for  some  time. 


FIG.    3 — CONNECTIONS    TO    OBTAIN    FULL-LOAD    CUR- 
RENT   AT    VERY    LOW    VOLTAGE 
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THE  REGULATION   CURVE 

With  the  shunts  on  the  series  fields  of  the  two  machines  ad- 
justed to  give  the  same  over-compounding  between  no-load  and  full- 
load  and  with  the  respective  resistance  of  their  series  field  circuits 
proportioned  so  the  load  will  be  properly  divided,  there  is  another 
condition,  which  may  possibly  give  trouble.  Referring  again  to 
the  regulation  curve,  Fig.  i,  it  may  be  seen  that  from  o  to  lOO 
amperes,  K  =  0.075 ;  from  200  to  300  amperes,  K  =  0.054.  The 
slope  of  the  curve  continually  grows  less,  until  between  600  and  700 
amperes,  K  =  o.oi. 

In  Fig.  4  two  theoretical  regulation  curves,  A  and  B,  are 
shown  each  illustrating  an  over-compounding  from  230  to  240  volts 
at  600  amperes.      As 


has  been  shown,  this 
adjustment  can  be 
made  by  properly 
proportioning  the 
shunts  on  the  series 
fields.  But  here  it 
will  be  noted  that  for 
loads  below  600  am- 
peres A  is  at  a  high- 
er voltage  and  will 
therefore  (if  there 
be  no  change  in  the  conditions)  take  a  greater  propor- 
tion of  the  load.  Similarly  for  loads  above  600  a:iperes 
B  will  take  a  greater  proportion.  Since  the  voltage  of  a 
generator  varies  as  the  product  of  field  strength  and  speed  it 
is  sometimes  possible  to  meet  a  situation  like  this  by  a  change  in 
speed  of  the  prime  mover.  For  example,  in  this  case  the  prime 
mover  of  A  could  be  speeded  up,  involving  operation  in  a  weaker 
field  farther  down  on  the  saturation  curve,  which  would  bring  its 
regulation  curve  more  nearly  in  line  with  that  of  B.  Conversely 
the  prime  mover  of  B  might  have  its  speed  reduced  forcing  it  to 
operate  in  a  stronger  field  higher  up  on  the  saturation  curve  which 
would  bring  it  more  closely  in  line  with  A.  Before  this  is  tried 
the  regulation  curve  of  each  machine  should  be  determined  separ- 
ately from  a  set  of  four  to  six  or  more  readings  both  from  no-load 
up  to  full-load,  and  back  again  from  full-load  to  no-load.  The  ad- 
justment of  engine  speed  should  not  be  attempted  by  anyone  who 
is  unfamiliar  with  the  engine.  A  slight  change  in  speed  of  either 
prime  mover  is  generally  all  that  is  required. 


FIG.  4 — REGULATION  CURVES  FOR  MACHINES  OF 
VARYING  CHARACTERISTICS  BUT  S.A.ME  NO-LOAD 
AND    FULL-LOAD    VOLTAGE 
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THE  EQUALIZER 

In  Fig.  2,  the  equalizer  is  shown  between  A  and  B.  This  con- 
nection is  essential  for  the  successful  parallel  operation  of  two  or 
more  compound-wound  generators,  as  without  it  the  combination 
would  be  electrically  in  unstable  equilibrium. 

The  operation  of  the  equalizer  is  so  simple  that  this  important 
factor  in  successful  operation  does  not  always  receive  the  attention 
it  merits.  It  is  desirable,  first,  that  machines  in  parallel  operate 
as  nearly  as  possible  at  the  same  voltage,  and  second,  that  the  load 
be  divided  between  them  in  proportion  to  their  respective  capacities 
at  all  times.  The  equalizer  carries  a  corrective  current  from  one 
machine  to  the  other,  the  tendency  of  which  is  to  produce  the  above 
two  conditions.  The  current  in  the  equalizer  varies  directly  with  the 
difference  in  voltage  between  the  two  machines  and  inversely  with  its 
resistance ;  the  greater  this  resistance,  the  greater  the  difference  in 
voltage  required  between  machines  to  produce  a  given  corrective 
current. 

Assume  that,  in  Fig.  2,  the  capacity  of  A  is  600  amperes,  the 
capacity  jf  B  is  800  amperes,  and  that  the  resistances  of  the  cir- 
cuits are  inversely  proportional  to  the  capacities  and  the  character- 
istics of  the  machines  are  similar.  Suppose  the  shunt  field  of 
machine  B  is  raised  until  B  carries  i  100  amperes  and  A  but  300. 
With  zero  equalizer  resistance,  AA'B'  would  still  carry  600  am- 
peres and  BB'  800,  the  equalizer  carrying  300  amperes,  and  the 
compounding  would  be  practically  the  saaie,  and  the  unbalanced 
load  would  remain  practically  constant. 

Assume  the  resistance  of  AA'B'  =  0.008  ohms,  BB'  =■  0.006 
and  the  equalizer  AB  ==  0.002  ohms.  The  current  of  machine  A 
will  have  two  paths  AA'B'  and  ABB'  in  parallel,  each  equal  to  0.008 
ohms,  and  will  divide  equally,  150  amperes  in  each  branch.  The 
current  oi  B,  i  100  amperes,  will  also  have  two  paths,  BB'  ^= 
0.006  ohms  and  BAA'B'  =  o.oio  ohms,  and  the  current  will  divide 
in  inverse  proportion,  i.e.,  687.5  ^"^  412.5  amperes.  This  will 
make  the  total  current  in  AA'B'  =  562.5  and  in  BB'  =  837.5, 
while  the  equalizer  wall  carry  262.5  amperes.*  The  current  in  AA' 
is  thus  37.5  amperes  less  and  that  in  BB'  is  37.5  amperes  more  than 
normal.  If  Sa  has  eight  turns  on  the  series  field  and  Sb  has  six 
turns,  this  would  cause  a  difference  of  525  ampere-turns  between 
the  fields  of  the  two  machines,  in  addition  to  that  already  existing 
on  account  of  the  difference  in  shunt  fields,  causing  a  further  rise  in 

*Se€  footnote,  page  983. 
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voltage  of  B  and  a  corresponding  droj)  in  the  voltage  of  A,  thus 
resulting  in  a  still  greater  disparity  in  current  outputs.  The  point 
of  final  stability  will  depend  on  the  characteristics  of  the  two 
machines,  as  this  tendency  is  to  a  certain  extent  counterbalanced 
by  the  fact  that  with  increasing  loads  a  machine  operates  at 
higher  saturation  and,  as  shown  by  the  regulation  curve,  Fig.  i,  its 
compounding  coefficient  K  grows  less  as  the  voltage  itself  increases. 
Again  there  is  a  further  counter-balance  in  the  falling  speed  char- 
acteristic of  most  prime  movers   with  increasing  load. 

As  in  the  cases  of  resistance  in  a  series  field  circuit,  so  in  the 
case  of  equalizer  resistances,  the  question  is  one  of  relative  resist- 
ance only.  Its  resistance  must  be  low  as  compared  with  the  sum 
of  the  resistances  of  the  two  series  field  circuits.  A  good  general 
rule  to  follow  is  to  use  the  same  size  cable  for  the  equalizer  as  for 
the  positive  and  negative  cables,  and  to  run  the  equalizer  by  the 
shortest  path  between  machines. 

Where  the  generators  are  of  interpole  construction  the  inter- 
pole  winding  must  invariably  be  considered  as  a  part  of  the 
armature  and  the  equalizer  must  be  connected  between  the  inter- 
pole winding  and  the  series  field,  never  between  the  armature  and 
the  interpole  winding. 

*This  may  be  expressed  by  a  formula  as  follows : — 

Let  V  =  volts  drop  over  BA  (Fig.  2),  r  =  resistance  of  BA,  R,=: re- 
sistance AA'B',  Rb=  resistance  BB',  Ro  =  r  +  Ra  +  Rb,  X=  current  in 
equalizer,  {BA),  lb  =  output  of  machine  B  at  the  given  rheostat  setting, 
la  =:  output  of  machine  A,  lb  —  X=  current  in  BB' ,  I.  —  X=  current  in 
ABB'. 

V  Ra 

Then,         (I„  —  X  )R,- V+ (I.  +  X)R.     or     U  — X  = +(Ia  +  X) 

R„  Rb 


Xov 


R. 

I„_I. i„_i, 

Rb 
Hence,      V  = 


I         I  Ra         r  +  Rb- 

+ + 


Jl 

laR. 

V 

r 

+ 

Rb 

VRa 

rRb 

R. 

R. 

R„ 

IbrRb- 

I.rRa 

I„ 

,Rb  — I 

aRa 

R, 

r  +  R. 

,+  Ra 

R„ 

Rb         rRb  rRb 

V  IbRb—  laRa 


Amperes  in  Equalizer  =  X 


Ro 


This  formula  is  based  on  the  assumption  that  the  voltage  is  higher  in  ma- 
chine B.  If  A  is  at  a  higher  voltage,  the  value  of  X  will  be  negative,  indi- 
cating that  the  current  flows  from  A  to  B. 
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ROTARY    CONVERTERS 

The  operation  of  rotary  converters  in  parallel  presents  condi- 
tions that  are  somewhat  different  from  those  for  generators : 

I — The  direct-current  voltage  is  not  affected  so  directly  by  the 
current  in  the  series  field  winding  as  in  the  case  of  a  compound- 
wound  generator. 

2 — Its  speed  cannot  be  adjusted  since  it  is  lixed  by  the  fre- 
quency of  the  supply  circuit  and  the  number  of  poles  in  the  rotary. 
Compounding  of  a  rotary  is  the  resultant  of  three  factors — 

a — The  strength  of  the  field. 

b — The  inductance  of  the  transformer  winding  to  which  the 
converter  is  connected  and  of  the  cables  between  transformers 
and  converter. 

c — The  resistance  and  reactance  of  the  alternating-curren*^ 
transmission  circuit  from  which  power  is  received. 

Leaving  out  the  question  of  split-pole,  and  booster  rotary  con- 
verters and  considering  only  the  standard  commercial  compound- 
wound  rotary  converter,  the  direct-current  voltage  has  a  ratio  to  the 
alternating-current  voltage  which  is  practically  fixed.  A  converter 
operating  in  a  weak  field  takes  a  comparatively  large  lagging  cur- 
rent which  grows  less  as  the  field  is  strengthened  and  may  be- 
come a  leading  current  in  a  very  strong  field.  If  inductance  be 
introduced  into  the  alternating-current  circuit  supplying  power  to 
the  converter  and  it  be  run  with  a  weak  field  at  light  load,  the 
power-factor  of  the  alternating-current  supply  circuit  w\\\  be  low. 
As  the  load  increases  the  field  of  the  converter  is  strengthened  by 
the  increased  current  through  its  series  field  winding  and  the 
power-factor  is  raised,  the  tendency  being  to  maintain  more  uni- 
form drop  in  the  supply  circuit  resulting  in  a  more  nearly  constant 
alternating-current  voltage  at  the  rotary  converter  terminals.  In 
adjusting  the  connections  of  two  converters  for  parallel  operation, 
the  placing  of  a  shunt  across  the  terminals  of  the  series  field 
is  less  likely  to  be  required  than  in  the  case  of  a  direct-current 
generator.  Where  this  is  done  it  is  for  the  purpose  of  securing 
desired  power-factors  at  no-load  and  at  full-load. 

As  in  the  case  of  two  direct-current  generators,  for  ideal  condi- 
tions the  resistances  of  the  series  field  ^circuits  of  two  rotaries  should 
be  inversely  proportional  to  their  capacities,  and  the  equalizer  should 
be  of  low  resistance  as  compared  with  the  sum  of  the  resistance  of 
the  series  field  circuits.  However,  the  alternating-current  connec- 
tions between  the  rotaries  in  parallel  act,  to  a  certain  extent,  like 
the  equalizer  lead,  so  that  it  is  not  absolutely  necessary  to  have  a 
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low  resistance  equalizer.  In  fact,  in  rare  instances,  co;npound- 
wound  rotary  converters  have  been  operated  in  parallel  without 
any  equalizer.     This,  however,  is  not  good  practice. 

SUMMARY 

To  review  the  situation : —  It  is  a  good  plan  to  take  a  regulation 
curve  on  a  generator  after  it  has  been  connected  to  the  prime 
mover  with  which  it  is  to  operate.  The  regulation  curve  furnished 
with  a  machine,  though  a  correct  record  of  test,  may  not  give  the 
opperating  characteristics  in  service,  for  the  reason  that  the  shape 
of  this  curve  will  depend  to  some  extent  on  the  speed  regulation 
of  the  prime  mover. 

After  determining  the  regulation  curve  the  next  point  is  the 
consideiation  of  the  shunt  resistance  for  the  series  field  and  the 
resistance  to  be  connected  between  the  series  field  and  the  bus- 
bar. In  the  majority  of  cases  this  is  all  that  will  be  required. 
However,  if  after  these  adjustments  the  machines  still  fail  to  di- 
\  ide  the  load  in  proportion  to  their  capacities,  it  is  in  order  to  in- 
vestigate the  shapes  of  their  regulation  curves  and  see  if  some 
slight  adjustment  in  the  speed  of  either  of  the  two  prime  movers, 
or  perhaps  both  of  them,  cannot  be  made,  such  as  will  bring  their 
curves  more  nearly  in  line.  This  can  readily  be  done  with  belt 
driven  machines  or  with  machines  connected  to  direct-current 
motors,  reciprocating  steam  engines  or  steam  turbines,  in  any  but 
exceptional  cases.  With  water  wheels  or  gas  engines,  adjustment  is 
not  so  easy.  With  induction  motors  the  proposition  is  difticult ;  it  is 
possible  to  secure  slightly  lower  speeds  by  sloting  the  end  rings  to  in- 
crease their  resistance,  but  higher  speeds  are  practically  impossible. 

If  the  adjustment  of  the  shunt  on  the  series  field,  and  the 
series  resistance  between  the  series  field  and  the  bus-bar  is  well 
made  for  each  machine,  and  the  regulation  curves  are  lined  up 
closely,  the  equalizer  will  have  comparatively  small  corrective  cur- 
rent to  carry.  But  in  many  cases  the  generators  are  driven  by 
prime  movers,  where  speed  adjustment  is  difficult  or  impossible. 
In  such  cases  it  may  be  necessary  to  put  in  an  equalizer  of  larger 
size  than  the  positive  and  negative  cables  between  the  machines. 
If  the  machines  still  refuse  to  divide  the  load  properly  it  is  possible 
to  help  matters  by  inserting  additional  resistances  in  the  series 
field  circuits  of  both  machines  (the  ratio  of  resistance  of  these 
two  circuits  being  maintained),  which  will  have  the  effect  of  making 
the  ratio  of  equalizer  resistance  to  the  series  field  resistance  lower 
and  improving  the  operation,  but  at  the  expense  of  economy. 


WEIGHT  AND  EQUIPMENT  OF  MINE 
LOCOMOTIVES 

THEIR  DETERMINATION   IN  PRACTICE 

GRAHAM  BRIGHT 

IN  selecting  a  locomotive  to  meet  a  certain  set  of  conditions  in  a 
mine  or  industrial  operation  the  first  thing  to  determine  is  the 
weight  necessary  to  give  the  proper  characteristics  in  regard 
to  running  and  starting  draw-bar  pull  and  braking.  The  electrical 
equipment  suitable  for  the  operating  conditions  can  then  be  selected. 


The  determination  of  the  weight  of  a  locomotive  for  mining 
or  industrial  purposes  is  a  comparatively  simple  matter  and  depends 
on  the  loads  to  be  handled,  the  frictional  resistance,  the  length, 
value  and  directions  of  the  grades,  the  rate  of  acceleration,  the 
kind  of  wheels  used,  and  the  weight  of  rail. 

An  actual  test  should  always  be  made  in  connection  with  any 
given  project  in  order  to  determine  the  exact  frictional  resistance 
of  the  cars.  On  straight  level  track  it  is  not  safe  to  figure  in  pre- 
liminary calculations  on  less  than  30  pounds  per  ton  for  frictional 
resistance  of  trailing  cars,  unless  actual  tests  show  that  a  lower 
figure  can  be  used.  New  cars  will  often  show  much  less  than  30 
pounds  per  ton,  but  if  not  well  maintained,  as  is  sometimes  the  case, 
as  they  grow  older  the  resistance  may  be  as  high  as  30 
pounds  per  ton  or  higher.  A  resistance  of  15  pounds  per 
ton  is  common  for  locomotives,  although  in  some  cases 
it  is  found  to  be  as  low  as  12  pounds  or  less.  Under 
ordinary  conditions  the  locomotive  resistance  is  a  very  small  per- 
centage of  the  total  tractive  effort,  and  a  change  of  several  pounds 
in  either  direction  will  not  materially  affect  the  weight  of  the  loco- 
motive, and  will  affect  the  capacity  of  the  motors  to  a  small  extent 
only.  A  change  in  the  frictional  resistance  of  the  trailing  load, 
however,  will  have  a  much  greater  eft"ect  on  both  the  locomotive 
weight  and  motor  capacity. 

When  a  locomotive  or  car  is  operating  on  .slratght  level  track, 
the  draw-bar  pull  available  for  hauling  a  trailing  load  (provided 
sufficient  tractive  effort  is  available  in  the  motor  equipment)  is  lim- 
ited only  by  the  adhesion  that  can  be  obtained  between  driving 
wheels  and  rails,  as  long  as  only  a  low  rate  of  acceleration  is  in- 
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volved.  For  mine  operation  an  acceleration  of  not  more  than  .0.2 
mile  per  hour  per  second  is  sufficient.  This  will  increase  the  trac- 
tive effort  about  20  pounds  per  ton,  including  weight  of  both  trail- 
ing load  and  locomotive.  If  there  are  no  grades,  the  extra  tractive 
effort  required  for  acceleration  is  a  larger  percentage  of  the  total 
than  when  grades  are  involved.  A  heavier  locomotive  will  be  re- 
quired if  a  high  rate  of  acceleration  is  used.  If,  however,  as  in  the 
large  majority  of  cases,  grades  up  to  five  or  six  percent  exist,  on 
which  it  is  seldom  necessary  to  accelerate  at  full  load,  then  the 
percentage  of  increase  in  weight  of  locomotive  demanded  due  to 
acceleration  will  be  so  small  that  it  is  no  longer  a  controlling  factor. 
Accordingly,  with  the  low  accelerations  common  to  ordinary  mine 
and  industrial  work,  this  factor  is  considered  as  negligible  in  view 
of  the  greater  percentage  of  adhesion  obtained  for  starting  than 
for  running  conditions. 

It  has  been  found  in  practice  that,  with  cast  iron  wheels  a 
running  draw-bar  pull  equivalent  to  an  adhesion  of  20  percent  of 
the  weight  on  the  driving  wheels  can  be  obtained  with  clean  dry 
rails  on  level  track  without  the  use  of  sand.  A  steel  tired  wheel 
seems  to  obtain  a  better  grip  on  the  rail,  and  a  draw-bar  pull 
equivalent  to  an  adhesion  of  25  percent  can  be  obtained  under 
the  same  conditions.  When  starting  heavy  trains  and  when 
on  steep  grades,  it  is  permissible  to  use  sand,  in  which 
case  a  draw-bar  pull  equivalent  to  an  adhesion  of  25  to 
30  percent  for  cast  iron  wheels  and  30  to  33  1/3  percent 
for  steel  tired  wheels  can  be  expected.  This  allows  extra 
adhesion  for  starting  the  trips.  Values  as  high  as  40  to  45  percent 
have  been  obtained  under  exceptionally  good  conditions  of  opera- 
tion, including  the  use  of  sand.  However,  such  high  percentages 
should  not  be  counted  on  in  practice,  as  a  very  liberal  use  of  sand 
on  both  rails  is  necessary,  and  the  use  of  too  much  sand  should  not 
be  encouraged,  since  it  tends  to  work  into  the  bearings  and  gears. 

Where  no  grades  exist  the  weight  of  the  locomotive  should, 
therefore,  be  five  times  the  draw-bar  pull  for  cast  iron  wheels,  and 
four  times  for  steel  tired  wheels,  unless  the  rate  of  acceleration 
is  such  that  additional  weight  is  required.  When,  however,  a  loco- 
motive with  trailing  load  is  ascending  a  grade  the  draw-bar  pull  is 
necessarily  greater  than  that  required  to  overcome  friction  of 
trailing  load,  as  the  weight  of  this  load  has  to  be  lifted  up  the  grade. 
For  every  one  percent  grade  20  pounds  per  ton  should  be  added  to 
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often  difficult  to  determine  the  capacity  in  the  same  manner  as 
the  draw-bar  pull  required  on  straight  level  track,  since  20  is  one 
percent  of  2  000. 

The  effect  of  the  grade  on  the  locomotive  as  well  as  on  the 
load  must  be  considered.  On  a  grade,  a  locomotive  cannot  exert  a 
draw-bar  pull  as  great  as  on  the  level.  This  becomes  very  evident 
when  an  abnormal  grade  is  considered  on  which  a  locomotive  will 
barely  be  able  to  propel  itself  and  if  any  trailing  load  be  added 
the  wheels  will  slip.  The  greater  tendency  for  the  wheels  to  slip 
on  a  grade  is  due  to  the  increased  tractive  effort  necessary  to  propel 
the  locomotive   itself,   and   the   weight  transfer  due  to   the  grade. 

Since  the  weight  of  a  locomotive  must  be  known  before  the 
added  tractive  effort  of  the  locomotive  due  to  grade  can  be  figured, 
it  is  best  to  use  a  formula  to  calculate  the  weight,  although  it  can 
readily  be  determined  in  two  or  three  trials.  The  formula  is, 
however,  so  simple  that  it  is  usually  employed  in  order  to  save  time. 

On  the  level  with  cast  iron  wheels,  W  =  5  x  FA  ^  2  000  =  FA  -f-  400. 

With  steel  tired  wheels,  W  =  4  x  FA  -^  2  000  =  FA  -^  500. 

On  a  grade,  with  cast  iron  wheels,  FA  +  20X  Gx  A +  20X  Gx  W  =  400W. 

With  steel  tired  wheel,  FA  +  20X  Gx  A +  20  x  Gx  W  =  500  W,  where,  W 
=  Weight  of  locomotive  in  tons;  A  =  Weight  of  trailing  load  in  tons;  G  = 
Grade  in  percent ;  F  =  Frictional  resistance  of  cars  per  ton. 

In  these  equations  the  term  FA  is  the  draw-bar  pull  on  level  track; 
jo>'Gy-A  is  added  draw-bar  pull  of  trailing  load  due  to  grade;  soy-Qy-W 
is  th-;  added  attractive  efifort  of  locomotive  due  to  grade,  and  400U'  and  500W 
represent  20  percent  and  25  percent  adhesion  for  cast  iron  and  steel  tired 
wheels   respectively. 

The  application  of  these  equations  can  be  better  understood  by 
considering  an  actual  example.  Assume  a  trip  of  20  cars  weighing 
four  tons  each  including  load,  or  a  total  trailing  load  of  80  tons, 
the  frictional  resistance  of  the  cars  being  30  lbs.  per  ton. 

,3oA       3 

Then,  on  level  W  =^ ^  —  x8o  =  6  tons  for  cast  iron  wheels; 

400       40 
30A        3 

W  = rz:  —  X  80  =  4.8  tons  for  steel  wheels.    On  one  percent  grade,  with  cast 

500  so 
iron  wheels,  30x80  +  20  x  80  + 20W  =  400W  ,  or,  W  =  10.5  tons,  and  with 
steel  wheels,  30  x  80  +  20  x  80  +  20W  =  500W,  or,  W  =  8.35  tons.  On  three 
percent  grade,  with  cast  iron  wheels,  30x80  +  20x3  X80  +  20X3  x  W  =  400W, 
or,  W  =  2i.2  tons,  and,  with  steel  wheels,  30X80  +  20X3X80  +  20X3X  W  = 
500W,  or,  W  —16.3  tons. 
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The  above  figures  show  a  decided  advantage  for  steel  tired 
wheels  over  cast  iron ;  the  former  are  more  expensive  and  require  a 
little  more  vertical  track  clearance,  but  the  extra  cost  is  more  than 
offset  by  the  lower  cost  and  saving  in  power  of  the  lighter  locomo- 
tive. With  steel  tired  wheels  the  tires  can  be  turned  once  or  twice 
and  then  a  new  tire  shrunk  on  without  disturbing  the  center.  It  may 
also  be  readily  seen  from  this  example  that  the  grade  conditions 
are  a  large  determining  factor  in  figuring  the  weight  of  a  locomo- 
tive. For  this  reason  the  value  and  length  of  the  grades  should  be 
determined  as  accurately  as  possible  and  also  the  length  of  the 
cars.  Mine  cars  are  from  seven  to  ten  feet  long,  and  accordingly 
a  trip  of  50  or  60  cars  will  be  from  400  to  600  feet  long;  thus, 
if  a  severe  grade  is  only  200  or  300  feet  in  length,  only  a  part 
of  the  trip  will  be  on  the  grade  at  one  time,  and  consequently  a 
much  lighter  locomotive  may  be  used  than  if  the  length  of  the 
grade  were  equal  to  or  greater  than  the  length  of  trip. 

In  some  cases  the  operating  conditions  are  such  that  loads 
are  handled  down  the  grade,  while  the  cars  are  always  empty 
when  hauled  up  the  grade.  This  often  means  that  safe  braking 
conditions  require  a  heavier  weight  of  locomotive  than  is  necessary 
to  ascend  the  grade  with  the  empty  cars.  If  the  grades  are  short 
and  without  sharp  curves  at  the  base  it  is  not  so  important  to 
figure  closely.  However,  when  the  grades  are  severe  and  long  or 
have  sharp  curves  at  their  base,  the  weight  of  locomotive  should  be 
figured  in  a  manner  to  that  in  the  above  formula,  except  that  the 
formula  will  be  modified  to  subtract  the  frictional  resistance  of  the 
load,  since  the  frictional  resistance  assists  the  braking.  The  for- 
mula will  then  be  :— 

For  cast  iron  wheels,  20X  Gx  A +  20X  G  x  W  —  FA  =  40oW, 
and,  for  steel  wheels,  20  x  G  x  A  +  20  x  G  x  W  —  FA  =  500W. 

In  case  the  grade,  curve  and  track  conditions  are  very  bad 
and  the  question  of  safe  handling  down  the  grade  is  paramount 
then  the  adhesion  factors  of  20  percent  for  cast  iron  wheels  and 
25  percent  for  steel  wheels  should  be  decreased  to  suit  the  particu- 
lar case. 

Occasionally  a  locomotive  is  required  for  service  which  con- 
sists of  very  short  runs  with  quick  starts  and  stops  as  in  coke  oven 
service.  A  free  running  speed  is  never  reached  in  this  kind  of 
service,  and  where  high   rates  of  acceleration  and  retardation  are 
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used  the  weight  of  the  locomotive  will  have  to  be  increased  accord- 
ingly. The  unit  of  acceleration  is  generally  taken  as  an  increase  in 
speed  of  one  mile  per  hour  for  each  second  of  time ;  i.e.,  if  the  rate 
of  acceleration  is  0.5  miles  per  hour  per  second,  the  increase  in 
speed  at  the  end  of  ten  seconds  will  be  five  miles  per  hour.  To 
accelerate  a  ton  of  dead  weight  at  the  rate  of  one  mile  per  hour  per 
second,  a  force  of  91.3  lbs.  above  the  frictional  resistance  must 
be  applied.* 

Since  a  locomotive  has  rotative  as  well  as  translative  inertia 
the  value  91.3  will  be  increased  by  an  amount  depending  upon  the 
speed  and  radius  of  gyration  of  the  rotating  parts.  A  safe  figure  to 
use  for  a  mine  locomotive  and  trip  of  cars  would  be  about  95  lbs. 
per  ton.  In  mine  and  industrial  work  where  the  speeds  are  from 
six  to  eight  miles  per  hour,  the  rate  of  acceleration  is,  as  a  rule, 
taken  at  from  o.i  to  0.2  miles  per  hour  per  second. 

If  high  rates  of  acceleration  and  retardation  are  to  be  used  the 
weight  formula  will  be  as  follows : — • 

For  cast  iron  wheels,  on  level  track,  FA +  95B(A  +  \\')  :=  6oo\\'. 
Accelerating  up  a  grade,  FA  +  2oG(A  +  W)  xgsBCA  +  W)  =  600W. 
Bringing  trip  to  a  stop  on  a  down  grade,  — FA  +  2oG(A  t-W)  +'95B(A  + 
W)  =  400W,  where  B  is  the  rate  of  retardation  in  miles  per  hour  per  second. 

For  steel  tired  wheels,  666W  can  be  used  on  level  and  up 
grades,  while  500W  should  be  used  on  down  grades.  The  values 
400W,  50o\\',  etc.,  should  be  selected  according  to  the  service 
conditions. 

The  resistance  of  curves  can  be  neglected,  as  a  rule,  unless 
they  are  long  or  have  a  short  radius.  ( )rdinarily  only  a  small 
portion  of  the  train  will  be  on  the  curve  at  one  time  so  that 
the  draw-bar  pull  to  be  added  should  be  calculated  on  the  basis 
of  the  number  of  cars  that  can  be  placed  on  the  curve  at  one  time. 
The  number  of  pounds  per  ton  to  be  added  for  curves  is  rather 
high;  the  value  will  average  0.5  lbs.  per  ton  per  degree  (about  0.3. 
however,   for   short   curves   with   the   gauge   spread).     The   value 


*This  figure  is  obtained  as  follows : — The  force  of  gravity  accelerates 
a  given  weight  at  the  rate  of  32.2  feet  per  second  per  second.  A  rate  of  one 
mile  per  hour  per  second,  is  equivalent  to  1.46  feet  per  second  per  second. 
It  will  therefore  require  a  force  of  1.46 -h  32.2  of  the  weight  of  a  body  to 
produce  an  acceleration  of  one  mile  per  hour  per  second.  1.46-^32.2X2000  = 
91.3  lbs  per  ton. 
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of  a   curve  in   degrees  can  be  obtained  by   dividing  5  730  by  the 
radius  of  the  curve  in  feet. 

Sometimes  the  weight  of  the  locomotive  figures  out  much  too 
heavy  for  the  weight  of  rails  used  in  the  proposition  under  consid- 
eration. If  it  is  impractical  to  change  the  rails,  the  alternative  is 
to  reduce  the  number  of  cars  per  trip,  so  that  the  weight  of  loco- 
motive can  be  reduced.  A  larger  number  of  locomotives  of  the 
smaller  type  will  then  be  required,  but  the  cost  of  operation  may  be 
reduced  by  coupling  them  in  tandem  so  that  only  one  operator  is 
required  for  two  locomotives.  In  this  way  full  trips  can  be  ob- 
tained.* 

EQUIPMENT 

To  determine  the  proper  equipment  for  a  locomotive  it  is  nec- 
essary to  know  the  general  plan  and  profile  of  the  road,  the  number 
of  cars  to  be  handled  per  trip  and  per  hour,  the  weight  of  empty 
and  loaded  cars,  frictional  resistance  of  cars,  the  time  of  layover 
including  switching  and  making  up  trip,  voltage  of  circuit,  gauge 
of  track,  weight  of  rail,  radius  and  length  of  minimum  curve,  spread 
of  track  on  this  curve,  limiting  dimensions  which  the  locomotive 
can  have,  and  position  and  range  of  trolley  wire. 

The  importance  of  obtaining  the  above  information  is  not  al- 
ways fully  realized ;  in  fact,  too  often  the  imagination  of  the  engi- 
neer, to  whom  mine  projects  are  referred  for  recommendation,  is 
depended  upon  to  supply  certain  necessary  data  not  specifically 
given. 

The  capacity  of  a  motor  for  all-day  service  depends  upon  the 
temperature  which  the  windings  will  attain.  This  temperature 
depends  upon  the  average  heating  value  of  the  current.  Since 
the  heating  value  of  an  electric  current  is  proportional  to  the  square 
of  the  current  value,  the  average  heating  for  all  day  service  must 
depend  upon  the  square  root  of  the  mean  square  of  the  current. 

^Special  Publication  Xo.  7061  on  Bald\vin-\\  estinghouse  Locomotives 
gives  the  following  data  in  regard  to  safe  weight  of  mine  and  industrial 
locomotives  for  various  weights  of  rails  : — 

Locomotive  Weight  Weight  of  Rail 

On  Two  Pairs  of  Wheels 

Tons  Lbs.  per  vard 

4  to    6     \6 

6  to    8     20 

8  to  10 25 

10  to  13     30 

13  toi5     40 

15  to  20     50 
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Two  motors  may  have  the  same  one-hour  rating,  but  one  may  have 
a  very  much  larger  continuous  rating  than  the  other,  due  to  better 
design  and  the  proper  distribution  of  the  losses.  A  poorly  ventilated 
motor  will  in  some  cases  have  "hot  spots,"  and  since  "a  chain  is 
no  stronger  than  its  weakest  link,"  these  hot  spots  will  lower  the 
capacity  of  the  motor.  This  is  due  to  the  fact  that,  in  order  to 
keep  these  spots  within  a  safe  temperature  rise,  the  average  tem- 
perature of  the  windings  must  be  kept  much  lower  than  would  be 
necessary  if  these  spots  were  eliminated  by  proper  design.  That 
the  real  capacity  of  a  motor  is  its  continuous  capacity  for  all-day 
service  and  not  the  rating  for  one  hour  is  apparently  not  generally 
appreciated.  The  one-hour  rating  depends  largely  upon  the  ther- 
mal capacity  of  the  motor,  while  the  continuous  rating  depends  on 
the  ventilation,  distribution  of  the  losses  and  the  capacity  of  the 
motor  to  radiate  heat.  The  one-hour  capacity  is  not  a  fair  rating 
of  a  motor  for  the  above  reason  and  also  for  the  reason  that  the 
speed  of  the  motor  is  not  taken  into  account.  A  fairer  way  would 
be  to  rate  the  motor  on  the  pounds  tractive  effort  at  the  wheels,  ir- 
respective of  the  speed,  provided  it  is  not  considered  essential  for 
commercial  reasons  to  capitalize  the  increased  horse-power  ratings 
due  to  increase  in  speed. 

If  the  length  of  haul,  the  grade,  curve,  running  time,  and  time 
of  layover  are  known,  the  current  for  each  part  of  the  run  can  be 
computed.  In  most  main  haulage  cases  the  locomotive  will  have 
a  definite  cycle  to  go  through,  this  cycle  being  repeated  throughout 
the  working  day.  If  the  square  root  of  the  mean  square  current 
for  one  cycle  can  be  found,  this  will  of  course  determine  the  suit- 
ability of  the  motor  selected  for  the  all-day  service  as  regards 
heating  capacity. 

After  the  weight  has  been  determined,  the  motor  equipment 
is  selected  from  one  of  the  motors  designed  for  that  particular 
weight  of  locomotive.  By  means  of  the  motor  curve  the 
current  and  speed  can  be  obtained  for  each  part  of  the 
cycle.  Each  current  value  is  then  squared  and  multiplied  by  the 
time  that  it  lasts.  By  adding  all  of  these  time-current-squared 
values  and  dividing  by  the  total  time  including  layover,  the  average 
squared  value  of  the  current  is  obtained.  The  square  root  of  this 
value  will  give  the  root  mean  squared  value  of  the  current  for  a 
complete  cycle.  If  the  continuous  capacity  of  the  motor  is  above 
the  root  mean  squared  value  the  motor  is  of  sufficient  capacity,  if 
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below  it  is  not  large  enough  and  a  larger  motor  should  be  selected. 
The  continuous  current  capacity  of  mine  motors  is  generally 
given  at  two  voltages.  If  the  service  is  main  haulage  and  the 
hauls  are  fairly  long  with  good  line  voltage,  the  value  at  the  higher 
voltage  should  be  used.  If  the  service  is  gathering  and  switching 
or  if  the  line  voltage  is  very  poor  the  value  at  the  lower  voltage 
should  be  used.  The  increased  iron  loss  of  the  motor  at  the  higher 
voltage  is  responsible  for  the  lower  current  capacity. 

When  the  locomotive  is  accelerating,  the  current  is  consider- 
ably greater  than  when  running  at  constant  speed.  This  together 
with  the  switching  and  making  up  of  trips  at  the  ends  of  the  run 
produces  extra  heating  and  actual  calculations  show  that  this  can 
be  allowed  for  by  adding  ten  percent  to  the  sum  of  the  time-current- 
squared  values  for  fairly  long  runs,  and  15  percent  for  short  runs. 
The  exact  heating  value  of  the  accelerating  currents  can  be  calcu- 
lated very  closely  but  as  a  rule  this  is  not  necessary  and  can  be 
taken  care  of  by  the  above  rule  of  adding  10  to  15  percent  to  the 
time-current-squared  values. 

To  illustrate  the  working  out  of  the  above  principles  assume  the 
following  specifications  for  a  drift  mine : — 

Locomotives  required,  i  ;  Gauge  of  track,  36  inches ;  Weight  of  rail,  30 
lbs.  per  yard;  Voltage,  250. 

Minimum  radius  of  curve,  30  feet,  located  near  the  foot  of  the  two  per- 
cent grade;  length  of  minimum  curve,  20  feet. 

Maximum  grade,  two  percent  for  i  100  feet  against  load ;  no  curve  on  this 
grade;  also  one  percent  grade  for  1000  feet  against  load;  remaining  part  of 
run,  level. 

Total  length  of  run,  one  way,  4  500  feet. 

Weight  of  empty  car,  2000  lbs.;  weight  of  load  in  car,  5000  lbs. 

Time    for   switching   and   making   up   trip,   ten    minutes    for   round   trip. 

Number  of  cars  per  trip,  20;  number  of  cars  to  be  handled  in  eight 
hours,  400. 

Cars   have   self-oiling   bearings. 

Resistance  of  cars,  30  lbs,  per  ton. 

Locomotives  can  be  five  feet  wide,  three  feet  high. 

Trolley  ware  2  feet  4  inches  to  right  of  center  of  track,  and  ranges 
from  4  feet  6  inches  to  7  feet  6  inches  in  height. 

From  the  weight  formula  't  will  be  seen  that  the  locomotive 
should  weigh  13.6  tons  with  caat  iron  wheels  and  10.6  tons  with 
steel  tired  wheels,  the  limiting  conditions  being  when  the  loaded 
trip  is  to  be  hauled  up  the  two  percent  grade. 

Steel  tired  wheels  should  be  used  unless  there  is  some  particular 
reason  for  using  cast  iron  wheels.  A  standard  ten  ton  locomotive 
should  be  selected,  which  means  that  the  adhesion  factor  on  the 
two  percent  grade  will  be  26.5  percent.     This  may  mean  an  occa- 
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sional  use  of  sand,  and  allows  a  margin  for  the  increased  draw-bar 
pull  required  in  case  it  becomes  necessary  to  start  the  trip  on  the 
grade.  A  locomotive  with  30-inch  wheels,  a  wheel  base  of  6.4  feet, 
and  a  total  clearance  between  wheel  flange  and  rail  of  ^  inch,  will 
negotiate  a  30  foot  curve,  so  that  the  ten  ton  locomotive  will  have 
no  trouble  on  the  minimum  curve  since  it  is  possible  to  build  a  ten 
ton  locomotive  with  a  wheel  base  of  considerably  less  than  6  feet. 

The  number  of  cars  handled  per  hour  will  be  50.  Since  each 
trip  will  consist  of  20  cars,  the  time  fur  each  trip  will  be  20-f- 
50X60  minutes  =  24  minutes  total  time. 

For  a  locomotive  of  a  given  weight  there  are,  as  a  rule,  sev- 
eral motors  to  choose  from.  For  a  ten  ton  locomotive  these  irotors 
range  from  40  to  50 
horse-power  in  capa- 
city, although  larger 
motors  are  sometimes 
required  for  special 
cases.  A  40  hp  mo- 
tor is  selected  for  the 
first  trial.  The  loco- 
motive will  have  30- 
inch  wheels  with  a 
gear  ratio  of  5.83  to  i. 
The  highest  gear  re- 
duction is  always  se- 
lected unless  a  higher 
speed  is  required  and 
can  be  obtained  with- 
out overloading  the  ^^^' 
motors.  The  characteristics  of  this  motor  are  shown  by 
the  curves  of  Fig.  i.  A  table  of  data  covering  the  case, 
such  as  shown  in  Table  I  or  II,  should  be  prepared,  the  values 
inserted  being  calculated  from  the  motor  curves  and  weights  to  be 
handled.  Since  the  motor  curves  give  values  for  one  motor,  the 
locomotive  and  trailing  weight  should  be  divided  by  two  to  give  the 
weight  each  motor  will  be  required  to  handle. 

For  the  above  project  the  weight  of  locomotive  is  five  tons  per 
motor;  the  loaded  trailing  weight,  35  tons  per  motor,  and  the  light 
trailing  weight  ten  tons  per  motor.  Assume  that  the  locomo- 
tive starts  with  a  load  on  a  level  track  and  runs  2  400  feet,  when 
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it  encounters  a  two  percent  grade.  After  ascending  this  grade  for 
I  100  feet  the  grade  changes  to  one  percent  for  i  000  feet.  The  re- 
turn haul  will  be  with  empty  cars.  Starting  with  the  loaded  trip  on 
the  level,  the  locon:otive  resistance  per  motor  will  be  5  X  15  =  75 
lbs.  This  value  is  placed  under  "Locomotive  Resistance"  in  the  table. 
The  train  resistance  will  be  35  X  30  =  i  050  lbs.  The  grade  resist- 
ance will  be  zero.  The  total  tractive  effort  will  be  i  125  lbs.  Con- 
sulting the  motor  curves  of  Fig.  i  the  current  for  a  tractive  effort 
of  I  125  lbs.  is  97  amperes  and  the  speed  9.2  miles  per  hour.  The 
time  to  cover  2400  feet  at  9.2  miles  per  hour  will  be  178  seconds. 
TABLE  I 


Speed 

Amp. 

Total 
Tr.Ef. 

Loco. 
Res. 

Train 
Res. 

Grade 
Res. 

Time 
Sec. 

6.5 

74 

97 

177 
137 

1  125 

2  723 

1925 

75 

75 

1050 
I  050 
I  050 

0 

I  600 

800 

178 
116 
93 

Amp^.   Amp'.  X  Time 


2  400   9  400    I  675  000 

I  100   31  330    3635000 
I  000   18  770     I  745  000 


RETUKXiXG    (Descending   Grades). 


75 
-225 
375 


300   -300   69   1 000     625      43  100 

300  -600   75   I  100     o 

300  o    164       2400        2500  410000 


Total^  running  time,  695  seconds. 

Amp."  X  time    (running)    in   seconds 7  5^8  100 

Plus  10%  for  accelerating,  switching 75°  810 


Total  amp.'  time  in  seconds 8  258  910 


Total  time,  including  laj'over  =1  i  440  seconds. 

8  258  910  ~  I  440  =  5  740  =  mean  squared  current. 

The  square  root  of  5  740  =  75.8  =  square  root  of  mean  square  current. 


The  amperes  squared  will  be  9  400  and  the  amperes  squared  mul- 
tiplied by  time  will  be  i  675  000.  These  values  should  be  recorded 
in  their  proper  place  in  the  table.  When  the  train  reaches  the 
two  percent  grade,  the  train  and  locomotive  resistance  remain  the 
same  while  the  grade  resistance  will  be  40  X  (35  +  5)  ^=  i  600  lbs. 
The  total  tractive  effort  will  be  2  725  lbs.  which  corresponds  to  a 
motor  current  of  177  amperes  and  a  speed  of  6.2  miles  per  hour. 
At  this  speed  it  will  require  116  seconds  to  travel  i  500  feet. 
By  the  same  process  the  values  for  the  one  percent  grade  are  cal- 
culated and  filled  in  the  table.  On  the  return  trip  with  the  empty 
cars  the  locomotive  resistance  will  be  the  same,  the  train  resistance 
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3CXD  lbs.  for  ten  tons,  and  the  down  grade  resistance  —  300  lbs.  for 
the  one  percent,  and  —  600  lbs.  for  the  two  percent  grade.  It  will 
be  noted  that,  running  down  the  two  percent  grade,  the  net  tractive 
effort  is  —  225  lbs.,  which  means  that  the  brakes  must  be  applied  in 
descending  this  grade. 

On  the  one  percent  grade  and  on  the  level  the  speeds  shown 
on  the  curve  of  Fig.  i  are  too  high  for  most  mines  unless  the 
track  is  in  good  shape.  It  is  likely  that  the  operator  will  not  care  to 
run  faster  than  ten  miles  per  hour,  which  he  can  do  by  operating 
the  motors  in  series  on  low  notches,  or  by  cutting  off  the  power 
TABLE  II 


Speed 


9 

6.7 

7.6 


Total 
Tr.  Ef. 


95  I     I  125 

172         2725 
130         I  925 


Loco. 
Res. 


75  j  1050 
75  1050 
75       1 050 


1  Grade 
Res. 

Time 
Sec. 

Distance 
Ft. 

0 

I  600 

800 

182 
112 
90 

2400 

I  roo 
I  000 

Amp-.     !  A.mp2 


9025 
29600 
16900 


I  642  000 
3315000 
I  520  000 


RETURNING    (Descending   Grades). 


10 

35 

75 

75 

300 

-300 

69 

I  000 

1225 

TO 

0 

-225 

73 

300 

-600 

75 

I  100 

0 

10 

50 

375 

75 

300 

0 

164 

2400 

2500 

84500 


410000 


Total  running  time  ^692  seconds. 

Amp."  time    (running)    in  seconds 6971  500 

Plus  10%  for  acceleration,  switching,  etc 697  150 


Total  amp.^  x  time  in  seconds. 


7668650 


Total  time,  including  layover  =  i  440  seconds. 
7  668  650  -f-  I  440  =  5  325  :=  mean  squared  current. 

The   square    root   of   5325  =  7^    amp.  =  square    root    of    mean    square 
current. 


and  coasting  before  the  speed  becomes  too  high.  The  total  run- 
ning time  is  695  seconds  or  11  minutes  35  seconds.  The  actual 
running  time  will  be  from  12  to  14  minutes,  due  to  time  taken  to 
start  and  stop  the  trip  and  for  slowing  down  at  cross-overs. 
As  the  total  time  for  a  round  trip  is  24  minutes,  a  layover  of 
five  or  six  minutes  is  obtained  at  each  end.  The  product  of  the 
total  current  squared  by  time  is  7  508  100.  To  this,  ten  percent 
should  be  added  to  allow  for  acceleration  and  switching  when  mak- 
ing up  trips,  making  a  total  of  8  258  910.  The  total  time  for  making 
a  round  trip  including  layover  is  i  440  seconds.  Dividing  8  258910 
by  I  440  =:  5  740  as  the  mean  square  of  the  current.  The  square 
root  of  5  740  is  75.8  amp.  which  is  the  square  root  of  the  mean 
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square  current  for  one  trip  or  cycle.  The  continuous  capacity  of 
the  motor  is  68  amp.  at  150  volts  and  64  amp.  at  200  volts.  The 
class  of  service  is  such  that  the  average  voltage  applied  to  the  motor 
will  be  near  200,  so  that  the  rating  of  the  motor  is  about  65  amp., 
which  shows  that  it  is  not  of  sufficient  capacity  for  the  service. 
Care  should  be  taken  that  a  motor  is  not  selected  in  which  the 
commutating  limit  is  exceeded  when  the  wheels  are  slipped  while 
using  sand.  The  motor  curves  are  generally  stopped  at  the  com- 
mutating limit. 

A  larger  motor  should  be  selected  and  Table  II  shows  the  re- 
sults of  the  calculation  using  two  50  horse-power  motors.  The 
curves  of  Fig.  2  show  the  characteristics  of  this  motor.     The  total 

running  time  is  692 
seconds  or  1 1  min- 
utes 32  seconds.  The 
square  root  of  mean 
square  current  is 
found  to  be  73  am- 
peres. The  capacity 
of  the  motor  at  200 
volts  is  about  72  am- 
peres so  that  this  mo- 
tor will  be  of  just 
about  the  proper  capa- 
city to  meet  the  condi- 
tions. The  actual 
running  time  will  be 
about  12  to  14  min- 
^^^'  ^  utes,    allowing    five   to 

six  minutes  to  start  and  stop  the  trips  and  for  slowing  down  at 
curves  and  cross-overs. 

It  is  not  safe  to  figure  on  a  very  short  layover  as  in  many 
cases  the  average  line  voltage  is  much  less  than  500  or  250  volts, 
which  means  that  the  speed  will  be  less  than  is  figured  on.  A  low 
line  voltage  means  that  a  given  current  will  be  required  for  a  much 
longer  time  than  with  normal  voltage,  which  in  turn  means  addi- 
tional heating.  Where  the  voltage  is  likely  to  be  poor,  a  margin 
should  be  allow^ed  in  the  motor  capacity,  since  the  value  of  the 
square  root  of  mean  square  current  will  be  greater  than  that 
calculated  upon. 

When  a  locomotive  is  to  be  used  for  gathering  service,  it  is 
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when  the  service  is  for  main  haulage.  The  operation  consists 
almost  entirely  of  acceleration  and  braking,  and  with  varying 
weights,  grades  and  curves.  From  experience  it  has  been  found 
that,  if  the  horse-power  per  ton  weight  of  locomotive  is  from  six 
to  ten,  the  motor  will  be  of  ample  capacity  for  gathering  service. 

There  seems  to  be  a  prevailing  idea  among  mine  operators  in 
regard  to  placing  larger  motors  on  their  mine  locomotives  than  are 
indicated  by  actual  calculation.  This  is  an  erroneous  attitude  un- 
less justified  by  contemplated  future  extensions.  It  is  true  that, 
in  the  past,  the  motor  equipment  of  many  locomotives  has  been  made 
too  small;  the  present  tendency,  however,  seems  to  be  just  as 
strongly  in  the  other  direction.  The  placing  of  too  large  motor 
equipment  on  a  locomotive  is  practically  analogous  to  hitching  a 
heavy  dray  horse  to  a  small  express  wagon;  the  horse  cannot  be 
worked  at  his  capacity,  and  in  fact  is  likely  to  injure  the  wagon 
in  attempting  to  perform  his  normal  work.  When  the  motor  capac- 
ity is  too  large  for  the  locomotive,  the  extra  power  that  is  available 
cannot  be  utilized,  and  in  also  the  mechanical  wear  is  so  great  that 
the  greater  cost  for  upkeep  outweighs  the  saving  in  motor  repairs. 

Control  Details — The  resistance  type  of  controller  with  a  com- 
bination series-parallel  and  reversing  switch,  is  generally  used  for 
mine  locomotives.  As  each  controller  has  a  definite  capacity  of  250 
and  500  volts,  care  should  be  exercised  in  selecting  the  proper 
controller  for  a  given  motor  equipment.  In  selecting  the  control 
resistance  it  is  very  important  to  provide  ample  current  carrying 
capacity  as  well  as  correct  ohmic  resistance.  Control  taps  on  the 
resistance  should  be  so  selected  as  to  give  a  smooth  start  and 
uniform  increase  in  tractive  efifort  for  each  controller  notch. 

A  circuit  breaker  should  be  used  only  on  locomotives  of  eight 
tons  and  over.  On  the  smaller  locomotives  a  fuse  is  more  satisfac- 
tory. In  selecting  a  circuit  breaker,  its  continuous  carrying  capacity 
should  be  somewhat  greater  than  the  capacity  of  the  two  motors 
combined,  since  the  thermal  capacity  of  the  circuit  breaker  is  much 
less  than  that  of  the  motors.  The  circuit  breaker  should  be  set 
at  the  current  value  corresponding  to  the  current  which  both  motors 
will  take  when  the  locomotive  is  exerting  a  tractive  effort  of  forty 
percent  of  the  weight  on  the  drivers.  This  will  insure  against  open- 
ing of  the  circuit  breaker  under  ordinary  operating  conditions,  but 
will  allow  for  its  opening  in  case  of  trouble. 


COMPARISONS  OF  GROUP  AND  INDIVIDUAL 
DRIVE  IN  MACHINE  SHOPS 

A.  G.  POPCKE 

THE  fundamental  question  for  an  engineer  or  shop  man- 
ager to  determine  in  deciding  what  method  of  drive  to 
employ  in  a  shop  is :— What  apparatus  shall  be  installed 
in  order  that  the  greatest  returns  may  be  received  from  the  in- 
vestment? A  satisfactory  answer  requires  a  thorough  analysis 
of  first  cost  and  operating  expenses.  The  first  cost  of  individual 
drive  is  commonly  assumed  to  be  in  excess  of  the  first  cost  for 
group  drive.  It  will  be  shown  by  the  following  analysis  that 
this  is  not  always  the  important  consideration.  In  explanation, 
the  results  of  a  test  made  in  a  large  machine  shop  will  be  used; 
the  method  of  procedure  in  making  a  test  of  this  kind  will  be 
explained  and  figures  based  on  actual  practice  will  be  given. 
In  making  these  tests  a  graphic  recording  meter  was  used.  This 
type  of  meter  is  most  accurate  and  useful  for  investigations  of 
this  kind,  since  a  complete  record  of  power  consumed  at  every 
instant  of  time  is  iiecorded  over  any  period  and  average  condi- 
tions of  operation  are  obtained  by  this  method. 

The  machine  shop  here  used  as  an  example  was  steam  en- 
gine driven.  A  300  horse-power,  85  r.p.m.  steam  engine  was 
belted  to  jack-shafts  on  each  of  six  stories,  as  shown  in  Fig.  i. 
The  line  shafting  of  each  floor  was  connected  to  this  jack-shaft 
drive  through  clutches,  by  means  of  which  the  machinery  on  any 
floor  could  be  disconnected  at  any  time.  This  method  of  drive 
made  it  possible  to  obtain  a  value  for  the  relation  between  no- 
load  friction  and  full-load  friction  of  the  jack  shafting.  Table  I 
shows  the  results  obtained  by  taking  indicator  cards  on  the 
steam  engine.  With  the  line  shafts  on  all  floors  disconnected 
32  horse-power  was  required  to  drive  the  jack  shafting.  The 
average  load  on  any  floor  was  obtained  by  subtracting  from  the 
total  load,  the  load  remaining  after  the  floor  under  consideration 
was  disconnected  by  means  of  the  clutches.  The  sum  of  the 
loads  for  each  floor  obtained  in  this  way  was  196.7  horse-power. 
The  total  load  averaged  272.2.  The  remainder,  therefore,  75.5 
horse-power,  was  the  full-load  friction  of  the  jack  shafting.  This 
is  2.35  times  the  no-load  friction.  The  cost  of  power  for  the  jack- 
shaft  friction  per  year  of  2  808  hours  was  figured  at  two  cents 
per    kilowatt-hour    or    1.5    cents    per    horse-power-hour.      This 
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amounted   at  no  load  to  0.015  X  32  X  2  808  =  $i  340  pcr  year; 
and  at  full  load  to  0.015X75.5X2  8o8=$3  160  per  year. 

Due  to  the  large  number  of  idler  pulleys  and  heavy  belts, 
the  latter  varying  from  10  to  21  inches  in  width,  the  increase  from 
light-load  friction  to  full-load  friction 
is  probably  higher  than  it  is  for  ordi- 
nary line  shaft  drive.  For  the  latter 
the  increase  can  safely  be  estimated  at 
approximately  one-half  the  above  or  70 
percent  increase.  This  value  will  be 
used  in  the  subsequent  discussion. 

The  owners  of  this  plant  were  quite 
conservative  in  their  methods  and  were 
not  familiar  with  the  economies  of 
electric  drive,  but  were  willing  to  allow 
a  series  of  tests  to  be  made.  Their 
intention  was  to  replace  the  steam  en- 
gine driving  the  heavy  jack-shaft  with 
a  large  electric  motor.  A  300  horse- 
power motor  driving  the  jack-shaft 
would  be  required  to  take  care  of  the 
total  load  of  the  building,  which,  at 
500  r.p.ni.  would  cost  about  $2  800. 
The  friction  load  of  the  jack-shaft 
drive,  based  on  full-load  per  year, 
would  be  more  than  the  first  cost  of 
the  motor  itself.  This  fact  alone 
proved  conclusively  the  poor  economy 
of  the  use  of  a  jack-shaft  drive  which 
is  a  necessity  with  a  single  steam  en- 
gine or  motor  as  a  source  of  power. 
The  next  step  was  to  divide  the 
load  on  the  various  floors  into  groups, 
arranged  most  advantageously  for  mo- 
tor drive,  considering  the  shop  condi- 
tions, such  as  arrangement  of  shafting, 
necessity  for  overtime  work,  type  of 
machine,  etc.  A  30  horse-power, 
850  r.p.m.  induction  motor  was  used  to  make  these  tests,  and 
the  test  groups  were  so  selected  that  this  motor  would  carry 
the  load  successfully.  Figs.  2  and  3  show  characteristic  records. 
Fig.  2  is  an  example  of  a  moderately  loaded  shop,  and  Fig.  3 


FIG.  1  —  ELEVATION  OF  JACK 
SHAFT  AND  BELT  DRIVE — 
TYPICAL    SIX-STORY     BUILDING 
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shows  plainly  the  excessive  waste  of  power  due  to  line  shafting 
where  the  work  on  the  machines  is  light  and  the  machines 
connected  to  the  shafting  are  scattered. 

Table   II   contains  a  summary  of  the   power   consumed   on 
the  various  floors.     In  this  installation  the  speed  of  main  shafting 


40  Kw 

■1                  '' 

24  Kw 

16  Kw 

8  Kw 

0  Kw 

^ 

hA 

d 

#L 

J 

h 

lm\ 

A 

ks 

fl        F^,,„^^ 

rr''!^ 

f'" 

fif^ 

\  »f'^ 

i 

1 

\.Vi 

10/ 

.M. 

9  A 

,M. 

8  A.M. 

7  A. 

FIG.   2 — GRAPHIC   METER  RECORD — FLOOR  2 

Characteristic  record  of  shop  where  the  machine  tools  are  working  at 
a  moderate  rate 
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FIG.  3 — GR.APHIC   METER   RECORD — FLOOR  3 

Characteristic  record  of  a  shop  where  the  work  is  light  and  machines  are 
scattered.  The  friction  load,  just  after  the  motor  was  started  and  be- 
fore the  load  was  thrown  on,  is  about  13  kw. 

is  from  180  to  200  r.p.m. ;  there  is  a  self-oiling  bearing  every  eight 
feet,  a  coupling  every  16  feet.  The  hangers  are  mounted  upon 
I-beams.  The  overhead  work  is  kept  in  good  condition,  being  thor- 
oughly lined  up  once  a  year.  The  countershafts  are  examined  and 
oiled  once  a  month.  Beside  the  figures  obtained  by  observation 
and  test  as  to  number  of  machines,  feet  of  main  shafting,  friction 
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load,  average  load  and  maximum  load,  the   table  contains  the 
following  calculated  analytical  values : — 

I — Percent  of  friction  load  to  average  load.  This  is  an  in- 
dication of  the  amount  of  power  wasted  by  the  overhead  shafting. 

2 — Percent  of  maximum  load  to  average  load.  This  shows 
the  overload  capacity  with  which  a  driving  motor  must  be  pro- 
vided. 

3 — The  feet  of  main  shafting  per  kw  loss,  an  indication  of 
the  condition  of  the  shafting,  provided  the  number  of  machines 
connected  thereto  is  also  considered. 

4 — The  feet  of  main  shafting  per  machine  tool,  an  indica- 
tion of  the  number  of  machines.  The  smaller  this  value  the 
more  crowded  the  shop. 

5 — The  friction  loss  per  machine  is  the  amount  of  power 
which  must  be  charged  to  eacli  machine  tool  for  overhead  fric- 
tion loss. 

6 — The  average  load  per  machine  indicates  the  average 
power  consumed  by  each  machine  and  is  a  criterion  of  the  size 
of  motor  that  would  be  required  for  individual  drive,  provided 
the  proper  time  load-factor  and  relation  of  average  to  maximum 
load  is  considered. 

It  is  interesting  to  note  that  the  friction  loss  of  line  shafting 
per  machine  (average  200  watts)  is  equivalent  to  the  power  con- 
sumed by  four  i6  cp  carbon  incandescent  lamps,  or,  on  a  more 
modern  basis,  the  equivalent  of  five  40  watt,  32  cp  tungsten 
lamps.  A  shop  superintendent  will  reprimand  a  man  if  he  allows 
a  16  cp  lamp  to  burn  in  broad  daylight,  but  he  does  not  realize 
that  the  overhead  line  shafting  per  machine  tool  is  consuming  as 
much  power  as  three  or  four  of  these  lamps. 

In  comparing  the  average  load  per  floor,  given  in  Tables  I 
and  II,  it  is  seen  that  on  the  upper  floors  the  load  is  greater 
when  measured  electrically.  Besides  the  fact  that  more  machines 
were  running  during  this  test  than  when  the  engine  was  indi- 
cated, it  was  found  that  when  connected  to  the  jack  shafting 
the  speed  of  the  line  shafting  was  less  than  intended.  This  fact 
was  discovered  by  an  increase  in  production  of  five  to  seven 
percent  on  the  automatic  gear  machines  on  the  sixth  floor  when 
the  electric  motor  was  connected  to  the  shafting.  The  shafting 
ran  at  the  standard  speed  (150  r.p.m.)  when  motor  driven.  The 
difference  in  output  results  in  a  proportionate  difference  in  the 
amount    of   power    consumed.      This    case    emphasizes    the    fact 


INDIVIDUAL  DRIVE  IN  MACHINE  SHOPS       1003 

that  there  are  excessive  losses  of  production  in  shops  due  to  the 
slippage  of  belts,  the  loss  increasing  with  the  distance  from  the 
source  of  power. 

The  relation  of  these  losses  to  the  comparative  first  costs  of 
individual  and  group  drive  can  be  best  shown  in  tabular  form. 
The  following  analysis  is  given  as  an  example,  using  the  fourth 
floor  for  this  purpose. 

GROUP    DRIVE — COST    OF    INSTALLATION 
MAIN   SH.A.FTIXG: 

796  ft.   2   15/16"    Shafting   at   $0,523   $  418.00 

100  Keyways   for  couplings         0.374   37-00 

100  Hangers    (25"  drop)    1 055.00 

50  Couplings  at  $7.44  372.00 

3  Clutches    345-00 

Labor  to  install   ($0.14  per  ft.)    1 12.00 


$2  339-00 

Cost  per   foot   of   main   shaft    $  2.90 

Number  of  machines,   136 

Cost   per   machine    17.20 

Feet  per  machine 5.9 

COUNTER  SHAFTING  (136  Machine  tools)  : 

Machine  tools — 136  x  $30    $4  080.00 

Labor  $2.50  x  136   340.00 

Belts    (55   ft.   per  machine,   average   width   3"    single,    136  X 

55   X  0.13    970.00 

Pulleys  on  main  shaft  (10"  average)  2  X  136  X  $2.00 544-0O 


$5  934-00 

MOTORS  • 

50  hp  at  850  r.p.m $  450.00 

SUMMARY  OF  COSTS:  oftota"' 

Main    shaft    $2  339.00  27 

Counter   shaft   and  pulleys    4  964.00  57 

Belts     ' 970.00  II 

Motor     450.00  5 


Total     $8  723-00  100 

GROUP  DRIVE — COST  OF  POWER  FOR  FRICTION  LOSS 

The  total  no-load  friction  loss  in  line  shafting  and  belts 
(Table  II)  is  26  kw.  At  two  cents  per  kw-hour  and  2808  hours 
per  year,  it  would  cost  $1  460  per  year.  The  loss  increases  ap- 
proximately 70  percent  with  load,  so  the  cost  of  full-load  fric- 
tion would  be  $2  480  per  year. 

INDIVIDUAL   DRIVE — COST    OF    INSTALLATION 

On  the  average  a  two  hp,  i  120  r.p.m.  motor  will  be  required 
to  operate  each  of  the  machine  tools  in  the  above  group.  Mo- 
tors of  constant  speed  type  can  be  used  in  the  majority  of  cases. 

Cost  per  motor  if  alternating  current  is  used   $      64.00  net 

Total  cost  for  136  machines — 136  X  64  = 8  700,00 

Ad4  2Q  per?ent  for  ^yirjng,  gxtr^  attachments,  etc.  .,,,    10 50000 
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INDIVIDUAL  DRIVE— COST   OF   POWER   FOR   FRICTION    LOSS 

The  average  no-load  loss  per  motor  equals  200  watts.  This 
is,  of  course,  a  condition  not  met  with  in  practice,  but  may  be 
used  for  comparisons,  and  for  extremely  light  cuts.  The  no- 
load  loss  of  all  machines  running  light  =136X0.2  =  27.2  kw, 
But  the  time  load-factor  based  on  working  hours  for  machines 
of  this  type  is  25  percent. 

Average  friction  load  0.25  x  27.8  =  6.8  kw. 

Cost  per  year  =  2  808  x  0.02  x  6.8  =  $382  per  year. 

TABLE  I^COMPARATIVE  FRICTION   AT  NO-LOAD  AND 
FULL-LOAD— JACK-SHAFT  DRIVE. 


Total  Load. 

Total  horse-power  with  one  floo 

r  disconnected. 

Floor 
Removed. 

Horse-power. 

Horse-power 
per   floor. 

270.3 

6 

195-5 

74.8 

271.0 

5 

241.0 

3°o 

273.6 

4 

235.8 

37.8 

272. 

3 

2S7.I 

14.9 

272.2 

2 

245-3 

26.9 

272.2 

I 

259-9 

12.3 

Full   load    272.2  hp. 

Sum  of  floor  loads 196.7  hp. 

Difference — full-load  friction  of  jack-shafts 75.5   hp. 

No-load  friction  of  jack-shafts,  by  test 32.2   hp. 

The  full-load  losses  of  the  motor  and  transmission  losses  in 
the  wiring  can  be  estimated  at  80  percent  increase  over  no-load 
losses.     These  are,  therefore,  i .80  X  382  =  $690  per  year. 

DIFFERENCE   IN    FIRST   COSTS 

Individual  drive   $10  500 

Group  drive    8  723 

Difference    $  ^777 

DIFFERENCE  IN   FRICTION   LOSSES 

Based  on  no-load  friction — 

Group  drive    $2  480  per  year 

Individual    drive    690 

Difference $1  790 
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TABLE  11— ANALYSIS 

OF  POWER  CONSUAIPTION 

1 

Building-A 

Building-B 

Floor   No.    (See  note 
for     type     of     ma- 
chines)        I 

No.  of  machine  tools     24 
Feet  of  main  shafting  260 
No-load   friction  loss     11.4 
Average  load — kw   . .     16 

2 

85 

417 

16.5 

27 

3 

40 

330 

II 

13 

4 

796 
26 
48 

5 

71 

617 

20 

52 

6 

183 
760 

31 

93-5 

I 
52 

9 
24 

2 

97 

528 

19 

41 

Percent  1  ^"^t'n  loss  ! 
^  aver,    load  j 

61 

85 

54 

38.4 

33 

37-5 

46.4 

Max.  load — kw 20 

32 

19 

54 

65 

118 

36 

60 

Percent!  ^^''^•,'^^,^i  12^ 
1  aver,  load    [    ^ 

ti8 

146 

113 

125 

126 

150 

146 

Feet    of    main    shaft- 
ing per  kw  friction 
loss    23 

25 

30 

31 

31 

25 

26 

28 

Feet    of    main    shaft- 

ing per  machine   . .    10.8 

Friction  loss  per  ma- 
chine   tool— kw    . . .      0.475 

Average  load  per  ma- 
chine           0.067 

4-9 

0.194 

0.318 

8.25 
0.275 
0.325 

5.85 

0.191 

0.35 

8-7 

0.282 

0.73 

4.15 
0  T7 
0.51 

4-5 

0.173 

0.46 

5-45 

0.196 

0.42 

The   following  is   a  list   of  machines  connected  to   the  shafting   on   the 
various  floors. 

BUILDING    A 

Floor  I— Eight   horizontal   boring   mills;    four    small    lathes;    one    drill;    two 

centrifugal   separators;    carpenter   shop  consisting   of   two   36-inch 

band    saws;    three    14-inch   buzz    saws;    two    12-inch    planers;    one 

speed  lathe  and  one  grindstone. 
Floor  2 — Thirty-seven    10   to   20-inch    lathes;    twenty-one    milling   machines; 

nineteen    12  to  24  inch   drills;   seven  4  10  5-ft.   radial   drills;   one 

grinder. 
Floor  3 — Twelve    12  to   24-inch    drills;    eleven    10  to   24-inch   lathes;    eleven 

milling  machines;  four  5-ft.  radial  drills;  two  tool  grinders. 
Floor  4 — Eighty-one   12  to  36-inch  lathes;  thirty-two  milling  machines;  five 

small  planers;  thirteen  10  to  24-inch  drills;  thrc^  4  to  6-foot  radial 

drills;  two  horizontal  boring  mills. 
Floor  5 — Forty-six  grinders,  bufiFers  and  polishers;  fifteen  automatic  turret 

lathes;  ten  miscellaneous  machines,  as  small  lathes,  drills,  slotters 

and  tool  grinders. 
Floor  6 — no  automatic  gear  millers;  thirty-two  gear  planers;   forty-one   10 

to  20-inch  lathes. 

BUILDING    B 

Floor  I— Twenty  12  to  20-inch  lathes  (moderate  duty)  ;  thirteen  30  to  48- 
inch  vertical  boring  mills;  six  12  to  24-inch  drills;  four  60  to  90- 
inch  heavy  vertical  boring  mills;  three  small  planers;  three  milling 
machines,  two  tool  grinders;  one  6- ft.  radial  drill. 

Floor  2 — Forty-two  12  to  24-inch  lathes;  thirty-three  milling  machines;  ten 
4  to  6-foot  radial  drills;  five  small  drills;  five  horizontal  boring 
mills;  two  tool  grinders. 
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TIME  TO  PAY  FOR  DIFFERENCE  IN  FIRST  COST  BASED  ON    MONEY  SAVED 
IN  FRICTION  LOSS 

1777 


Based  on  no-load  friction 


Based  on  full-load  friction 


1078 

1777 

1790 


1.65  years 


0.99    year. 


This  shows  that  the  difference  in  first  cost  ^vill  be  paid  for 

in  two  years,  if  the  difference  in  friction  loss  alone  is  considered 

TABLE  III 

ANALYSIS  OF  FIRST  CQST  AND   COST  OF  FRICTION   LOSS. 

In  Group-Driven  and  Individual-Driven  Machine  Shops.     Cost  of  power  is 

based   on  2   cents  per  kw-hr. 


Building  A 


Building  B 


Floor    number 


No.  of  machines    

Feet  of  main  shafting 


85 
417 


136 


6     ! 


183 


796        617        760 


97 


233 


Group  drive  _   ' 

Cost    of    installation    of    main 

shafting    $1  495 

Counter  shafting  and  pulleys ...     3  102 

Belts    607 

Motors    dt'ij 


?2  339  $i674|  $2240  $  692  $1315 

4964    2592  6680  2030  2541 

970   510  I  310:  745  694 

450  1323  1222'  386  416 


Total     $5521 


723I  $6  099!  $11  452    $3853  $4966 


Cost  of  friction  load  per  year 

Based  on  no-load 

Based  on  full-load   


$  930    $1  460;  $r  125 
I  580     $2  480  $1  900 


$T  740 ,   $  507    $1  070 
$2  960 !   $  865;   $1  820 


Individual    drive 

Average  hp.  of  motor  2             2 

Cost  of  motors  ■;,^js  20%   $6  550  $10  500'  $6360  $16800  $4  750!   $7  5oo 

Cost  of  friction  load  per  year 

Based  on  no-load    240     $  382 ,   $  220     $  562  $    i6ij  $   273 

Based  on   full-load 430        690 1       396       1 010,       290!        490 


Difference     between      costs     of; 

group  and  individual  drives.  ! 

First    cost    $1  029    $1  777|  $  261 

Friction  load  !             ! 

Based  on  no-load  friction    ...  $  690    $1  0781  $  905 

Based  on  full-load  friction  ...  $1  150      i  790;    i  504 

Time  to  pay  for  difference — 


Based  on  no-load  friction  . . 
Based  on  full-load  friction 


1-5 
0.9 


1.65 
0.99 


0.29 
0.17 


$5348   $897  $2534 

$1  178   $346    797 
1950    575;  1330 


4-5 
2.7 


2.6 
1.6 


Floors  1  and  ,?  building  A  have  been  omitted  because  the  main  shafting 
per  machine  tool  is  high,  putting  group  drive  naturally  at  a  disadvantage. 
The  excess  space  on  these  floors  is  used  for  testing  purposes. 
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at  two  cents  per  kw-hr.  The  friction  loss  in  large  shops  is  one 
of  the  least  important  items  of  the  operating  expenses,  since 
the  total  power  consumed  is  usually  only  one  or  two  percent  of 
the  total  operating  expenses.  If  the  cost  of  installing  individual 
motors  was  50  percent  of  their  cost,  instead  of  20  as  above  as- 
sumed, the  difference  in  first  cost  would  be  $4  277,  and  the  dif- 
ference in  cost  of  friction  (average  between  full  and  no-load) 
$1  439 — the  difference  would  be  paid  for  in  three  years. 

Table  III  gives  the  results  of  a  similar  analysis  of  costs  for 
the  remaining  floors  referred  to  Table  I. 

These  figures  show  that  if  the  proper  motor  is  used  for  in- 
dividual drive,  the  difference  between  the  cost  of  individual  and 
group  drive  is  not  large,  if  a  new  shop  installation  is  considered, 
and  will  be  paid  for  in  two  years'  average.  Instead  of  investing 
money  in  shafting  and  belting,  it  can  be  more  economically  in- 
vested in  the  purchase  of  electric  motors  for  individual  drive. 
It  must  be  remembered  that  the  condition  of  the  overhead  work 
upon  which  these  results  have  been  based  is  ideal  compared  with 
that  of  the  average  machine  shop  where  line  shafting  is  more 
or  less  out  of  alignment,  bearings  and  counter-shafts  are  loose 
and  belting  covered  with  oil.  In  these  cases  the  friction  losses 
are  greater  and  the  individual  motors  would  show  still  greater 
advantage.  With  higher  cost  of  power  the  advantage  is  also 
greater. 

In  cases  where  an  old  shop  is  completely  equipped  with 
line  shaft  drive  it  might  not  pay  to  scrap  all  the  overhead  work 
already  installed  at  once,  the  loss  in  production  being  too  great, 
but  whenever  new  machine  tools  are  purchased,  or  whenever 
changes  are  made  in  a  shop  layout,  the  problem  should  be  in- 
vestigated in  a  manner  similar  to  that  above  outlined  to  deter- 
mine the  advantages  of  each  type  of  drive  from  an  economic 
point  of  view.  In  the  majority  of  cases  individual  drive  will 
show  the  greatest  number  of  advantages. 


POLYPHASE  INDUCTION  REGULATOR  WINDINGS. 

E.  E.  LEHR. 

POLYPHASE  induction  regulators  are  wound  with  a  distri- 
buted type  of  winding  such  as  used  on  practically  all  alter- 
nating-current motors  and  generators.  In  checking  regu- 
lator windings  difficulties  are  met  which  are  not  involved  when 
motor  or  generator  windings  are  considered.  Not  only  must  each 
winding  of  the  rotor  and  stator  be  correct  when  considered  by  it- 
self, but  the  rotor  must  have  a  definite  angular  position  relative  to 
the  stator  in  order  that  the  mechanical  maximum  and  minimum 
positions  will  coincide  with  the  electrical  maximum  and  minimum 
positions.  A  brief  description  of  the  operation  of  a  regulator  will 
serve  to  illustrate  this  point.  A  three-phase  regulator  has  three  pri- 
mary (shunt)  circuits  or  windings,  which  are  usually  placed  on  the 
rotor.  These  may  be  connected  either  in  star  or  delta  to  the  circuit 
the  voltage  of  which  it  is  desired  to  regulate.  There  are  three  separ- 
ate series  (secondary  or  regulating)  windings,  usually  placed  on  the 
stator.  Each  of  these  windings  has  two  leads  brought  out  through 
the  case  so  that  it  can  be  connected  in  series  with  one  lead  of  the 
three-phase  circuit.  Since  the  voltage  impressed  upon  the  shunt 
windings  produces  a  rotating  magnetic  field,  and  since  this  mag- 
netic field  also  cuts  the  conductors  composing  the  series  windings, 
there  will  be  generated  in  each  of  the  three  series  windings  a  volt- 
age of  practically  constant  value  regardless  of  the  angular  position 
of  the  series  coils.  The  phase  direction  of  the  voltage  in  each  of 
these  series  coils  will  vary  however,  depending  upon  the  relative 
angular  position  of  the  rotor  and  stator.  Since  the  series  coils  are 
in  series  with  the  line,  whatever  voltage  is  induced  in  these  coils 
will  be  added  vectorially  to  the  line  voltage.  If  the  respective  pri- 
mary and  secondary  voltages  are  in  phase  and  in  the  same  direction 
a  maximum  voltage  will  be  obtained  on  the  feeder  side  of  the  regu- 
lator. If  the  respective  voltages  are  in  phase  but  in  opposite  di- 
rections a  minimum  voltage  will  be  secured.  In  any  other  posi- 
tion the  voltage  will  be  intermediate  between  the  extreme  values. 
The  usual  connections  for  a  three-phase  regulator  with  primary 
windings  connected  in  star  are  indicated  in  Fig.  i,  while  Fig.  2 
show^s  a  vector  diagram  of  the  same  regulator,  in  which  ABC  rep- 
resents the  line  voltage;  AA^,  BB^  and  CC-^  represent  the  voltages 
of  the  three  series  coils.  These  assume  various  positions,  three  of 
which   are  shown  in  the  diagram.     The  resulting  feeder  voltages 
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for  these  three  positions  are  indicated  as  Aj^B^C.^^;  A^B^C^  and 
A^  B.  C3.  It  should  be  noted  that  the  phase  of  the  resultant  feeder 
voltage  is  also  slightly  changed  with  the  regulator  in  its  various 
positions.  For  example,  the  voltage  A^B^  C^  is  not  in  phase  with 
A^  Bo  Co.  For  this  reason  polyphase  regulators  should  never  be 
operated  in  parallel  unless  provision  is  made  for  properly  connect- 
ing the  rotors  together  mechanically  so  that  they  will  both  be  opera- 
ted together;  a  considerable  idle  current  may  circulate  through  the 
regulators,  even  when  the  respective  voltages  across  the  terminals 
of  each  are  practically  the  same. 

The  use  of  vectors  in  checking  windings  insures  the  most  sat- 
isfactory and  reliable  results.     A  detailed  description  of  the  method 


FIG.    I — DIAGRAM    OF   CONNECTIONS   OF      FIG.     2 — VECTOR    DIAGRAM     OF    THREE- 
THREE-PHASE    FEEDER    REGULATOR  PHASE    REGULATOR 

Incoming  line  voltages:  ABC.  Regulator  secondary  voltages:  AAi, 
BBi,  CCi,  giving  resulting  outgoing  line  voltages  varying  between  the 
limits  AiBiCi  and  A3B3C3,  according  to  the  relative  position  of  rotor 
primary  to  stator  secondary  of  regulator. 

as  applied  to  a  particular  case  will  give  a  general  idea  as  to  the 
method  of  procedure,  and  its  general  application  to  other  cases  will 
be  apparent. 

Consider  a  two-pole,  three-phase  regulator,  with  a  stator  or 
secondary  having  24  slots  and  windings  of  the  concentric  type  with 
one  coil  per  slot,  as  shown  in  Fig.  3a.  The  rotor  or  primary  has  18 
slots  and  the  windings  are  of  the  diamond  type  with  two  coils  per 
slot  and  a  throw  of  i  and  8,  as  shown  in  Fig.  4a.  When  a  regula- 
tor is  in  operation  a  revolving  magnetic  field  is  produced.  Any 
conductor  in  a  slot  of  either  the  rotor  or  stator  will  have  induced 
in  it  an  alternating  voltage  of  definite  phase  relation,  which  can  be 
represented  by  a  vector  as  shown  wathin  the  connection  diagrams 
of  Figs  3a  and  4a.     By  combining  the  individual  vectors  of  all  the 
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conductors  of  each  phase  by  the  usual  method  of  vector  addition 
as  indicated  in  Figs.  3^  and  /^h,  three  vectors  for  the  rotor  and  three 
vectors  for  the  stator  will  be  obtained  which  represent  the  result- 
ant voltages  of  the  windings  in  their  true  phase  relations.  Fig.  5 
shows  the  conductors  only  of  the  stator  and  rotor  as  given  in  Figs. 
3a  and  40,  and  indicates  the  position  which  they  assume  when  the 
regulator  is  in  the  position  of  maximum  "boost."  The  vector  dia- 
gram on  the  inside  shows  the  resultant  vectors  representing  the 
combined  voltages  of  all  the  conductors  of  the  respective  three 
phases.  The  same  arrangement  with  the  rotor  or  primary  rotated 
through  90  electrical  degrees  is  shown  in  Fig.  6.  This  is  the  posi- 
tion which  the  windings  assume  when  the  regulator  is  in  the  neu- 
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FIG.   3 — STATOR   WINDING   DIAGRAM    AND   VECTOR   DIAGRAM    OF  VOLTAGES   OF   THREE- 
PHASE,    TWO-POLE    INDUCTION    REGULATOR 

Showing  method  of  adding  vectors  corresponding  to  the  respective  con- 
ductors of  eacli  phase  to  obtain  total  voltages  and  their  phase  relations. 

Lower  coil  ends  shown  on  inside  in  diagram  (a)  ;  connections  between 
coils  shown  on  outside. 

tral  or  mid-position.  When  the  rotor  is  turned  through  90  addi- 
tional degrees  it  comes  into  the  position  of  maximum  "buck"  as  in- 
dicated in  Fig.  7.  In  each  of  these  three  figures  the  vector  diagram 
shows  the  voltages  of  the  various  phases  of  primary  and  secondary 
in  their  true  phase  relation.  These  diagrams  show  clearly  the  fact 
that  the  voltage  variations  obtained  from  a  three-phase  regulator 
are  obtained  by  shifting  the  phase  of  the  primary  coils  relative  to 
the  series  or  secondary  coils.  A,  B,  C  represent  the  constant  or  bus- 
bar voltages  and  A^,  B^,  Ci  rei)resent  the  feeder  voltages.  The  volt- 
ages of  the  three  series  coils  AA^,  BB^,  and  CC^  are  practically  con- 
stant regardless  of  the  position  of  the  rotor  windings. 

Some  uncertainty  may  be  caused  by  the  apparent  reversal  of 
half  the  vectors  of  Figs.  3a  and  4a  in  order  to  obtain  the  combined 
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vectors  in  Figs.  3&,  4b,  5,  6  and  7.  It  should  be  understood,  how- 
ever, that  in  Figs.  3a  and  4a  each  vector  represents  the  voUage  of 
the  conductor  assumed  as  running  through  the  slot  from  top  to 
bottom  of  the  core.  In  Figs.  3  and  4  by  tracing  out  any  phase  it 
will  be  noted  that  half  the  conductors  are  traced  in  the  opposite  di 
rections,  that  is,  from  the  bottom  through  the  slot  to  the  top.  Al- 
though only  one  conductor  per  coil  is  shown  in  the  diagram,  each 
coil  is  made  up  of  a  number  of  turns.  All  the  conductors  in  one 
slot  have  generated  in  them  voltages  of  practically  the  same  phase 
direction  and  same  value,  so  that  a  change  in  the  number  of  turns 
affects  only  the  length  of  the  vector  and  does  not  affect  its  direc 
tion.     Tn  a  three-phase  star-connected  regulator,  giving  ten  percent 


FIG.      4 — ROTOR      DIAGRAM       AND      XTiCTOR      DIAGRAM       OF      VOLTAGES       OF      THREE- 
PHASE,    TWO-POLE    INDUCTION    REGULATOR 

The  method  of  adding  vectors  of  voltages  corresponds  to  that  shown 
in  Fig.  3,  a  much  smaller  scale  being  used  in  this  case. 

Diamond   winding:   two  coils  per  slot;   throw  7  and  S. 

increase  or  decrease  in  voltage,  the  total  number  of  turns  in  the 
rotor  is  practically  ten  times  as  large  as  the  total  number  of  turns 
in  the  stator  so  that  the  relative  lengths  of  the  vectors  of 
rotor  and  stator  should  be  approximately  in  the  ratio  of  10  to  i. 
This  is  only  approximately  true,  for  if  the  windings  are  chorded 
the  ratio  of  secondary  to  primary  voltage  will  vary  considerably 
from  the  ratio  between  stator  and  rotor  turns. 

The  same  number  of  slots  should  never  be  used  on  the  rotor  and 
stator.  If  this  is  done  there  will  be  a  tendency  for  the  teeth  to  ''lock 
magnetically"  when  they  are  in  line,  and  considerable  additional  tor- 
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que  will  be  required  to  operate  the  regulator.     Under  these  condi- 
tions vibration  and  noise  are  also  likely  to  result. 

RULES    FOR    CHECKING 

A  systematic  method  of 
deterir.ining  whether  the  wind- 
ings of  a  regulator  which  has 
been  completed  are  correctly 
placed  and  connected  is  indi- 
cated by  the  following  rules : — 

Lay  out  a  plan  view  of  the 
rotor  and  stator  slots  in  the 
position  they  assume  when 
regulator  is  in  mid-position, 
as  shown  in  Fig.  6.  By  means 
of    winding    diagrams  indicate 

FIG.    5 — PLAN    VIEW    OF    REGULATOR    SHOW-  j  •  ,        i 

iNG    RELATIVE    LOCATION    OF    PRIMARY  the  couductor  m  cach  slot,  giv- 

AND    SECONDARY    CONDUCTORS    WITH    RO- 
TOR   IN     POSITION     OF     MAXIMUM     BOOST 


each 


ing     the     conductor     of 
phase     a     characteristic     sym- 
bol.    Designate  the  various  phases  by  letters,  reme  nbering  that  these 
markings  should  be  placed  symmetrically  with  respect  to  the  conduc- 
tors in  any  group ;  for  example,  although  the  lead  A  comes  out  of 
slot  i6  of  the  stator  and  lead 
A-^  comes  out  of  slot  ^   (as  in- 
dicated in  Fig.  3a)   the  center 
line   of   this   phase   should   be 
placed    between    slots    14    and 
15,   and   slots   2  and  5  of  the 
stator.       This  center  line  then 
determines  the  direction  of  the 
series  vector  corresponding  to 
this  phase. 

The  voltage  induced  in  any 
of  the  windings  can  now  be 
shown  by  vectors  parallel  to 
the  center  line  of  the  various 

windings.       The  vector  of  the   "^-  ^^^^^  ^'^^  °^  regulator  show 
voltage   in  the  primary  wind- 
ing I  and  I*  of  Fig.  6  is  par- 
allel to  the  center  line  of  slots 
I  and  10  of  the  rotor.     The  vector  of  the  stator  winding  AA^  is 
pjirallel  to  the  center  line  of  the  tooth  between  slots  ^  and  s  ^^^ 


ING  RELATIVE  LOCATION  OF  PRIMARY 
AND  SECONDARY  CONDUCTORS  WITH  RO- 
TOR   IN     NEUTRAL    OR     MID-POSITION 
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the  tooth  between  slots  14  and  15,  as  noted  above. 

Draw  the  vector  diagram  as  shown  in  the  inner  portion  of  Fig. 
6.  This  diagram  should  be  symmetrical  and  the  vectors  of  the  sec- 
ondary windings  should  be  at  right  angles  to  the  vectors  from  the 
neutral  point  to  the  points  A,  B  and  C.  If  the  regulator  has  four 
or  more  poles  the  same  procedure  should  be  followed  except  that 
only  the  slots  which  make  up 
two  poles  of  the  regulator 
should  be  used  in  the  diagram. 
This  is  necessary  in  order  that 
the  mechanical  angles  of  the 
windings  may  coincide  with 
the  electrical  angles  of  the 
voltages  considered.  Although 
this  method  is  somewhat  cum- 
bersome in  description,  its 
familiar  application  v/ill  show 
it  to  be  a  convenient  and 
quick  means  of  setting  up  and 
checking  windings.  When 
this  method  of  checking  is 
employed  the  only  other  check 
that    need    be    made    on    the 

windings  is  to  determine  whether  any  group  of  coils  is  reversed. 
For  instance,  in  a  six-pole  winding  since  only  the  slots  composing 
two  poles  are  indicated  in  the  plan  view  made  for  checking  pur- 
poses the  winding  diagram  must  also  be  checked  to  see  that  in  any 
phase,  when  tracing  the  winding  fro.n  one  terminal  to  the  other,  all 
the  conductors  under  one  pole  are  traced  in  the  same  direction  and 
conductors  under  adjacent  poles  are  traced  in  the  opposite  direction. 


FIG.  7 — FLAN  VIEW  OF  REGULATOR  SHOW- 
ING RELATIVE  LOCATION  OF  PRIMARY 
AND  SECONDARY  CONDUCTORS  WITH  RO- 
TOR   IN    POSITION    OF    MAXIMUM    BUCK 


MOTOR  DRIVE  FOR  BISCUIT  FACTORIES 

\-.  L.  BOARD 

THE  freedom  with  which  the  electric  motor  can  be  used  as  an 
independent  drive  for  a  single  machine,  or  group  of  ma- 
chines, as  compared  with  other  sources  of  power,  and  its 
ability  to  operate  under  unfavorable  conditions  is  a  great  advantage 
in  bakeries  and  biscuit  factories.  A  superintendent  of  a  large  bus- 
cuit  factory  stated  recently,  that  the  advantage  of  having  a  separate 
drive  for  dough  mixers  alone  justified  the  use  of  electric  motors 
in  his  factory. 

The  product  of  a  biscuit  factory  may  be  divided  into  two  gen- 
eral classes,  products  made  directly  from  sponge,  such  as  soda 
crackers,  forming  one  class  and  those  made  from  especially  prepared 
dough,  such  as  any  sweet  biscuits,  making  up  another.  The  gen- 
eral process  of  manufacture  of  these  two  classes  of  products  is 
about  the  same,  and  consists  in  preparing  the  sponge  or  dough,  in 
shaping  or  cutting  the  biscuits,  and  in  baking.  After  baking,  the 
sponge  products  are  packed  at  once,  while  a  portion  of  the  '"sweet" 
products  (depending  upon  their  nature)  may  be  given  some  sort 
of  special  treatment,  such  as  icing,  before  they  are  packed.  In  the 
process  of  manufacture  use  is  made  of  power-driven  dough  mixers, 
cutting  or  forming  machines,  reel  ovens,  packing  or  special  con- 
veyors and  icing  machinery,  and.  incidentally,  elevators,  box-nailing 
machines,  etc.  Practically  all  these  machines  run  at  slow-speed. 
so  slow,  in  fact,  that  any  motors  that  might  economically  be  used 
for  driving  them  require  considerable  speed  reduction.  In  arranging 
the  drives  for  a  factory,  therefore,  this  feature  should  be  borne  in 
mind  in  order  that  the  individual  drive  shall  not  be  carried  too  far. 
It  may  be  more  economical,  from  the  standpoint  of  gear  losses 
alone,  to  use  a  single  motor  with  a  short  line  shaft  to  drive  several 
adjacent  machines  which  are  commonly  operated  at  the  same  time, 
than  to  give  each  machine  a  separate  drive. 

The  polyphase  induction  motor  seems  to  meet  the  demands  of 
this  class  of  service  with  the  most  satisfaction.  \Miere  the  direct- 
current  motor  has  been  used,  an  unusual  amount  of  commutator 
trouble  has  been  experienced  in  most  instances,  as  flying  particles 
of  flour  collect  on  the  commutator  and  form  a  sort  of  hard 
"cake"  which  causes  considerable  sparking  and  necessitates  fre- 
quent cleaning.  This  difficulty  has  been  overcome  in  some  cases 
\)y  Rising  enclosecf  niotors,  t)ut  this,  of  coiise,  involves  a  considerable 


MOTOR  DRIVE  FOR  BISCUIT  FACTORIES         1015 

reduction  in  motor  capacity.  The  polyphase  induction  motor  can  be 
used  without  enclosing,  and  will  operate  satisfactorily  even  after  the 
windings  and  all  parts  of  the  machine,  both  stator  and  rotor,  have 
become  completely  covered  with  the  caked  flour. 

The   following  description,   while   applying  specifically  to  an 
electrically  operated  biscuit  factory  in  one  of  the  large  western 

TABLE  I— ^lOTORS  INSTALLED  IN  BISCUIT  FACTORY 


Xo.         ■  Horse-power 

R.P.M.                              DRIVING 

SWEET   DEPARTMENT                                                                           | 

I                            20 

1(1  6  bbl.  dough  mixer 
^  -°°         1  I  2  I  bbl.  soft  dough  mixers 

I                             10 

r  I  Cutting  machine 

I  200          •    ^  Press 

jl    1  Soft  dough  cutting  machine 
1  L  I  Dough  roller 

I                               5 

1                      5 

I  joo         1     Reel  oven 

I  800             Packing  conveyor 

SPONGE    DEPARTMENT 

I                   10 

T                                5 

1                   10 

I                     5 
I                     5 

900                 7  bbl.  dough  mixer 
I  200              Dough  roller 
T  800               Cutting  machine 
I  200           '  Oyster  cracker  conveyor 

1.  Reel  oven 
I  200         1     Pan  tower 

ICING  DEPARTMENT 

I                            10 

I                     5 

f     2  Marsh  mallow  beaters 
I  Icing  machine 
1  800          J      ^  Chocolate  melangeur 
1    I  Fruit  grinder 

I  75  gal.  stirring  kettle 
L  I  chocolate  grinder 
I  200             Icing  conveyor 

SPECIAL    MOTORS 

1  5 

2  10 
I                       5 

1 

I  200              Box  machine 

T  200              Elevators 

I  200               Polishing  brushes 

cities,  is  intended  to  give  a  general  idea  of  the  conditions  in  such 
factories  with  reference  to  the  application  of  electric  motors.  Twen- 
ty to  twenty-five  barrels  of  flour  are  used  daily  in  this  factory 
for  the  manufacture  of  sweet  biscuits,  and  about  60  barrels  of 
flour  for  the  manufacture  of  soda  crackers,  Avhich  are  produced  at 
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the  rate  of  360  per  minute.  The  electric  energy  is  supphed  by  the 
local  central  station  at  220  volts,  three-phase.  The  power  con- 
sumption averages  about  3  000  kilowatt-hours  per  month. 

A  general  idea  of  the  equipment  of  the  factory  is  obtained  by 
referring  to  Table  i,  from  which  it  may  be  seen  that  a  total  of  120 
horse-power  in  motors  is  installed.  The  factory  is  divided  into 
three  departments, — a  sweet  department,  devoted  to  the  manufac- 
ture of  sweet  biscuits ;  a  sponge  department,  manufacturing  soda 

crackers;       and      an 

icing  department, 
where  a  portion  of 
the  sweet  products 
are  iced. 

THE  SWEET 
DEPARTMENT 

The  dough  mix- 
ers in  this  depart- 
ment are  operated 
by  a  single  motor, 
placed  on  the  floor 
above  and  belted 
through  that  floor  to 
a  short  line  shaft 
hung  above  the  mix- 
ers. The  use  of  the 
electric  motor  as  a 
drive  for  these  ma- 
chines, as  well  as  for 
the  dough  mixer  in 
the  sponge  depart- 
ment is  a  striking  example  of  that  feature  of  the  electric  motor 
which  gives  it  so  great  favor  in  so  many  industries,  viz.,  the  ease 
with  wdiich  it  can  be  used  to  drive  a  single  machine  or  group 
of  macTiines  which  nmst  be  operated  at  a  time  when  the  rest 
of  the  factory  is  shut  down.  The  regular  working  day  in  the 
factory  starts  at  7  A.  M.,  but  a  preliminary  run,  lasting  gener- 
ally from  2  A.M.  until  7  A.M.,  is  required  for  preparing  the 
sponge  and  dough  for  a  regular  day's  run  of  baking,  etc.,  hence, 
a  separate  drive  for  these  machines  is  particularly  advantageous. 
A  dough  mixer  requires  a  comparatively  large  starting  torque 


■IG.     I — FIVE-B.^RRE^,    DOUGH     MIXER,    ( 
TEN    HORSE-POWER    MOTOR 
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and  for  that  reason,  a  motor  operating  it  should  have  ample  over- 
load capacity.  A  typical,  five  barrel  dough-mixer,  direct-connected 
to  a  10  horse-power  motor  is  shown  in  Fig.  i.  After  mixing,  the 
dough  is  taken  from  the  mixers  and  placed  in  troughs  mounted  on 
trucks  and  is  thus  transferred  to  the  forming  machines.  These 
machines  are  grouped  directly  in  front  of  the  oven,  as  shown  in 
Fig.  2,  and  perform  the  several  operations  of  rolling  the  dough  to 
the  proper  thickness,  cutting  out  the  biscuits  in  the  desired  shapes 
and  sizes  and  delivering  them  to  the  oven  operators  for  placing 
in  the  oven.  A  single  motor,  hung  from  the  ceiling,  drives  this 
group   of   machines.     The   motor   is   belted   to   a    short  line   shaft 
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through  a  variable  speed  transmission  and  in  addition,  the  machines 
are  provided  with  change  gears. 

The  oven  used  in  this  department  is  similar  to  the  one  in  the 
sponge  department,  which  is  shown  in  the  background  of  Fig.  4. 
The  oven  is  of  the  Ferris  wheel  or  rotating  type,  consisting  essen- 
tially of  a  large  brick  chamber,  usually  two  stories  high,  in  which 
is  a  rotating  reel  supporting  two  large  iron  rings,  one  at  each  end 
of  the  oven.  The  shelves  on  which  the  material  to  be  baked  is 
placed  are  pivoted  to  these  rings  in  such  a  way  that  they  will 
always  remain  in  a  horizontal  position  as  the  reel  rotates.  The  oven 
is  provided  with  a  long  narrow  door  at  a  suitable  height  from  the 
floor  by  which  the  attendants  transfer  the  material  into  and  from  the 
oven.  The  motor  which  operates  the  oven  runs  continually  and  is 
connected    to    the    oven    mechanism    bv    a    clutch    which    releases 
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automatically  when  the  reel  has  rotated  a  distance  equal  to  the  space 
between  two  shelves.  Each  movement  of  the  reel  thus  brings  a 
shelf  directly  in  front  of  the  door.  It  requires  an  average  time  of 
three  and  one-fifth  minutes  for  the  reel  to  make  a  complete  revolu- 
tion, that  much  time  being  required  for  baking. 

Biscuits  are  removed  from  the  cutting  machines,  and  placed 
in  the  oven  on  thin  sheets  of  metal  by  the  operators.  After  a 
complete  revolution  of  the  reel  these  sheets  are  removed  with  their 
loads  of  baked  biscuits  and  placed  on  the  trays  of  special  trucks 
for  transferring  them  to  the  packing  conveyor.  In  order  that  all 
the  biscuits  baked  during  any  given  time,  may  be  packed  promptly, 
the  oven  ()perali»in>  >t<»p  15  minutes  before  the  work  at  the  packuig 


conveyor,   a   fact   which   again    l)rings   out    the    superiority   of    the 
electric  drive  for  this  machinery. 

The  packing  conveyor  is  essentially  a  continuous  horizontal 
belt  on  which  the  pans  of  biscuits  are  placed.  The  belt  moves  at  the 
rate  of  about  17  feec  per  minute,  and  the  packers  standing  on  both 
sides,  remove  the  biscuits  from  the  pans  and  pack  them  in  boxes 
for  the  trade.  The  motor  for  the  conveyor  is  directly  be- 
neath it  and  is  belted  down  to  the  proper  speed,  the  great  reduction 
secured  being  shown  by  Fig.  3. 

THE  SPONGE  DEPARTMENT 

In  this  department,  the  process  of  manufacture  is  quite  similar 
to  that  of  the  sweet  department.  An  idea  of  the  principal  machin- 
ery used,  with  the  exception  of  the  dough  mixer,  is  given  by  referring 
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to  Fig.  4.  A  dough  roller,  connected  to  its  motor  through  a  chain 
drive,  is  shown  at  the  right.  This  machine  gives  the  dough  a  pre- 
liminarv   roll   before   it  is  placed   in  the  cutting  machine    (shown 
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-PAN    TOWER    AND    PART    OF    PACKIXl 


in  the  foreground)  which  rolls  it  to  the  desired  thickness,  and 
stamps  out  the  soda  crackers.  The  cutting  machine  is  connected 
through  a  variable  speed  transmission  and  a  chain  drive  to  a  motor 
hung  from  the  ceiling  underneath. 
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Soda  crackers  are  conveyed  as  fast  as  they  are  baked  by 
means  of  a  pan  tower,  shown  at  the  left  of  Fig.  4,  to  a  packing 
room,  two  floors  below.  From  the  packing  room  the  empty  pans 
are  carried  back  to  the  oven  by  the  same  tower.  This  pan  tower 
consists  of  two  belt  conveyors  with  the  pans  placed  on  angle  iron 
projections  and  suspended  between  the  belts,  as  shown  in  Fig.  5. 
The  motor  is  mounted  on  the  frame  work  at  the  top  of  the  shaft  and 
is  connected  through  gears  to  both  sides  of  the  conveyor  so  that 
they  will  always  run  at  the  same  speed.     When  the  pans  reach  the 


FIG.    6 — ICING    CONVEYOR 

bottom  they  are  delivered  to  the  horizontal  part  of  a  second  con- 
veyor which  carries  them  along  in  front  of  the  packers,  and  then 
back  under  the  floor  and  up  along  the  side  of  the  first  conveyor  to 
the  ovens. 

When  oyster  crackers  are  manufactured,  they  are  conveyed 
by  a  separate  belt  conveyor  to  the  same  packing  room.  Advantage 
is  here  taken  of  the  fact  that  the  oven  motor  is  running  continuously 
and  this  conveyor  is  belted  through  a  shaft  to  this  motor. 

ICING  DEPARTMENT 

The  icing  conveyor  used  in  this  department,  a  view  of  which 
is  shown  in  Fig.  6,  is  one  of  the  most  interesting  devices  in  the 
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factory.  It  consists  essentially  of  a  continuous  chain  conveyor  sup- 
porting 431  200  galvanized  hooks  from  which  cakes  can  be  sus- 
pended. As  it  moves  along  it  dips  the  cakes  in  icing,  suspends  them 
while  drying,  and  delivers  them  to  a  packer.  The  conveyor  is  860 
feet  long  and  moves  at  a  rate  of  from  200  to  380  feet  per  hour. 

The  motor  operating  this  conveyor  requires  considerable  speed 
reduction,  which  is  obtained  in  this  case  through  reduction  gears. 
The  changes  of  speed  are  obtained  through  a  speed  variator. 

The  rest  of  the  machinery  used  in  this  department  is  used  in 
connection  with  the  preparations  of  special  forms  of  icing  given 
some  products.  It  is  all  driven  from  one  motor  and  a  short  line 
shaft  as  shown  in  Fig.  7. 


In  addition  to  using  electric  drive  for  the  machinery  that  is 
directly  connected  with  the  manufacturing  process  of  the  factory,  a 
five  horse-power  motor  is  used  for  driving  two  box-nailing  machines 
and  two  ten  horse-power  motors  for  operating  two  elevators,  while 
a  five  horse-power  motor,  with  buffing  wheels  mounted  on  each  end 
of  the  shaft,  is  used  for  polishing  the  tin  boxes  in  which  a  part  of 
the  product  is  packed. 

SPEED  REQUIREMENTS 

An  installation  of  this  character  is  of  interest  on  account  of  the 
simultaneous  requirement  for  wide  speed  variations,  and  for  in- 
duction motor  drive.  The  necessity  of  variable  speed  for  the  cut- 
ting machines  arises  principally  from  three  sources,  viz:  different 
sizes  and  shapes  of  biscuits,  different  kinds  of  dough,  and  different 
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times  required  for  baking.  A  "sticky"  dough  requires  a  ditit'erent 
speed  of  cutting  for  satisfactory  results  than  does  a  dry,  stifif  dough. 
In  general  small  biscuits  can  be  cut  more  rapidly  than  large  ones; 
for  instance,  in  the  sponge  department,  the  variable  speed  shaft 
can  be  run  between  the  speeds  of  30  and  125  r.p.m.  for  soda 
crackers,  and  between  no  and  200  r.p.m.  for  oyster  crackers. 
The  average  time  for  baking  in  the  sweet  department  has  been 
gi\en  as  three  minutes  and  twelve  seconds.  With  the  same  oven 
temperature,  some  biscuits  rexjuire  less  and  some  more  tiir.e  than 
this  for  baking,  hence  the  reel  of  the  oven  must  be  rotated  slower 
or  faster,  and  the  speed  of  the  cutting  machine  changed  accordingly. 

All  of  the  variable  speed  transmissions  are  of  the  Reeves  type, 
consisting  of  belts  on  which  are  mounted  wooden  blocks  with 
beveled  ends,  running  between  special  pulleys,  each  of  which  con- 
sists of  two  conical  faces  with  the  apexes  facing.  By  changing  the 
separation  of  the  cones,  the  effective  diameters  of  the  pulleys  can  be 
varied  over  a  wide  range,  giving  close  speed  control.  Where  the 
speed  range  thus  secured  is  not  sufificient,  special  gears  are  used. 

In  the  sweet  department,  the  speed  of  the  cutting  machines 
is  changed  six  or  seven  times  an  hour  on  the  average,  the  speeds  of 
the  cutting  machine,  and  the  soft  dough  cutting  machine  being 
controlled  in  common  by  a  single  speed  regulator,  while  the  speeds 
of  the  press  and  dough  roller  are  varied  by  changing  gears.  This 
latter  change  in  speed  is  not  required  often.  In  the  sponge  depart- 
ment, the  .speeds  are  changed  once  or  twice  a  day  on  the  average. 
The  speed  of  the  icing  conveyor  is  usually  changed  three  or  fcjur 
times  a  day,  the  reason  for  this  change  being  that  it  requires  less 
time  for  some  forms  of  icing  t(^  harden  than  it  does  for  others. 


GROUPING  OF  CURRENT  TRANSFORMERS 

REVERSED-V  AND  Y-CONNECTIONS 

HAROLD  W.  BROWN 

THERE  are  in  common  use  five  different  ways  of  grouping  the 
secondaries  of  current  transformers  on  three-phase  circuits. 
They  may  be  distinguished  according  to  the  following 
definitions.  As  indicated  in  Fig.  i,  there  are  alternative  methods 
of  making  these  connections.  For  example,  two  methods  of  mak- 
ing the  delta  and  Y-connections,  and  three  methods  of  making  the 
re  versed- V.  open  delta,  and  Z-connections  are  shown.  There  are 
several  other  alternative  ways  of  making  the  latter  three  connec- 
tions, but  as  they  offer  no  special  advantages  over  those  here  given 
they  need  not  be  considered. 

The  Reversed-V  Connection*  requires  two  transformers.  They 
may  be  on  any  two  of  the  three  lines.  One  of  the  leads  from  the 
secondaries  is  common  to  the  two  transformers.  It  connects  to 
corresponding  terminals  of  the  secondaries  of  the  two  transform- 
ers, see  Fig.  i.  The  currents  in  the  three  leads  differ  in  phase  by 
120  degrees,  and  each  dift"ers  from  two  of  the  line  voltages  by  30 
degrees  and  from  the  third  voltage  by  90  degrees  (This  may  be 
seen  by  reference  to  the  vector  diagram.  Fig.  i,  corresponding  to 
this  connection).  On  a  tzvo-phase  circuit,  a  connection  corre- 
sponding to  the  reversed  V-connection  is  the  only  one  that  is  com- 
monly used.  The  current  in  the  common  lead  is  45  degrees  out  of 
phase  with  all  of  the  other  currents  and  voltages. 

The  Open  Delta  or  V-Connection  dift'ers  from  the  reversed-V 
only  in  that  the  common  lead  connects  to  non-corresponding  term- 
inals. The  current  in  the  common  line  is  in  phase  with  the  voltage 
between  the  lines  to  which  the  transformers  are  connected. 

The  Delta  Connection  has  three  leads  from  the  secondaries  of 
three  transformers.  Each  lead  connects  to  non-corresponding  ter- 
minals of  two  transformers.  The  currents  in  the  three  leads  differ 
in  phase  by  120  degrees  and  each  is  in  phase  with  the  voltage  be- 
tween the  two  lines  to  which  the  two  transformers  adjoining  that 
lead  are  connected. 

The  Z-Connection  is  the  same  as  the  delta  with  one  secondary 
reversed.     It  has  three  leads  from  the  secondaries,  one  of    which 


*Called  a  "V  connection"  bj'  some  authors.     The  use  of  the  latter  term 
not  consistent  with  similar  usage  in  referring  to  power  transformers. 
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connects  to  corresponding  terminals  of  any  two  transformers.  A 
second  lead  connects  to  corresponding  terminals  of  another  pair  of 
transformers,  and  the  third  lead  connects  to  the  remaining  two  ter- 
minals, which  are  non-corresponding.  The  first  and  second  leads 
connect  respectively  to  two  relays  or  trip  coils,  and  the  third  is  the 
com:ron  return.  The  current  in  the  third  lead  is  in  phase  with  the 
voltage  between  the  lines  to  which  the  two  transformers  adjoining 
that  lead  are  connected.  On  the  other  leads,  the  current  in  each 
differs  in  phase  by  90  degrees  from  the  voltage  between  the  two 
lines  involved^ — in  one  case  leading  and  in  the  other,  lagging. 

The  Y-Connection  also  requires  three  transformers,  and  each 
transformer  has  a  separate  lead.     These  three  leads  are  from  cor- 
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FIG.    I — DIAGRAMS  OF  CONNECTIONS  AND  VECTOR  DIAGRAMS  REPRESENTING  VARIOUS 
METHODS    OF   GROUPING   CURRENT   TRANSFORMERS 

responding  terminals.  The  remaining  three  terminals  are  all  con- 
nected together,  and  in  some  cases  a  fourth  lead  is  brought  out 
from  the  common  point.  The  currents  and  phase  relations  are  the 
same  as  in  the  reversed  V-connection. 

All  of  these  phase  relations  are  of  course  on  the  assumption  of 
100  percent  power-factor  and  balanced  load. 

Some  of  these  groupings  may  be  used  either  with  or  without 
change,  on  single,  two,  and  six-phase  circuits.  The  best  arrange- 
ment to  use  depends  on  the  kind  of  circuit  to  which  the  primary  is 
connected,  and  the  apparatus  connected  to  the  secondary.  There  is 
a  standard  connection  suitable  for  each  kind  of  apparatus,  but  this 
connection  may  be  modified  to  adapt  it  for  additional  apparatus. 
The  most  common  grouping  for' use  with  meters  is  the  two-trans- 
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former  combination,  here  designated  as  the  "reversed-V"  connec- 
tion, Fig.  2,  which  is  suitable  for  three-phase  three-wire,  and  two- 
phase  three  or  four-wire  circuits.  The  combination  for  use  with 
overload  relays,  to  obtain  the  best  protection  for  a  three-phase  cir- 
cuit is  the  "Z-connection."  But  neither  of  these  groups  is  best 
adapted  for  use  with  voltage  compensators  and  voltage  regulating 
apparatus,  which  usually  have  an  "open-delta-connection."  If 
meters  and  relays,  or  relays  and  a  compensator,  or  any  other  com- 
bination of  apparatus  is  to  be  connected  to  any  circuit,  it  is  usually 
possible  to  modify  the  connections  so  as  to  avoid  supplying  an  ex- 
tra set  of  transformers.  In  cases  like  those  just  cited,  the  meters 
may  be  operated  from  Z  or  open-delta-connected  transformers,  or 
voltage  compensators  may  be  operated  from  Z  or  reversed  V-con- 
nected  transformers.*  In  this  and  a  subsequent  paper,  the  various 
transformer  groupings  will  be  treated  with  reference  to  the  kinds 
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FIG.    2 — DIAGRAM    OF   CONNECTIONS    AND    CURRENT    VECTOR    DIAGRAM    FOR    CURRENT 
TRANSFORMERS    IN    REVERSED-V-CONNECTION 

of  apparatus  that  can  be  operated  from  them,  and  the  relative  ad- 
vantages of  the  different  groupings.  Connections  to  voltage  trans- 
formers are  shown  in  some  cases,  to  indicate  the  complete  arrange- 
ment. 

REVERSED-V   CONNECTION 

The  connections  of  a  wattmeter,  watt-hour  meter,  and  power- 
factor  meter,  together  with  relays  or  trip  coils,  and  a  compensator 
or  voltage  regulating  device,  are  shown  in  Fig.  2.  Ammeters  or 
ammeter  receptacles  may  also  be  inserted  at  points  marked  Am. 
For  convenience  all  the  apparatus  is  shown  connected  to  a  single 
pair  of  transformers,  but  this  connection  is  liable  to  introduce  an 
excessive  transformer  error,  on  account  of  large  impedance  in  the 


*Some  connections  otherwise  allowable  are  impractical  on  account  of 
the  error  of  transformation,  where  some  of  the  apparatus  has  considerable 
impedance.  See  "Characteristics  of  Current  Transformers"  in  the  Journal 
for  July,  1911,  p.  642. 
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secondary  circuit.  At  least  another  pair  of  transformers  would  be 
required  for  operating  all  the  apparatus  indicated  in  the  diagram. 

Wattmeter  and  Watt-hour  Meter — These  instruments  should 
not  be  connected  in  series  with  the  compensator  if  accurate  measure- 
ments are  desired.  Neither  should  they  be  connected  with  circuit- 
breaker  trip  coils,  or  relays,  except  as  the  relays  have  low  imped- 
ance. (The  impedance  of  overload  relays  is  usually  high,  but  that 
of  some  reverse  current  relays  is  comparatively  low).  Wattmeters 
and  watt-hour  meters  cannot  be  compensated  for  transformer  errors 
unless  the  power-factor  of  the  load  they  measure  is  constant. 

Ammeters — It  is  preferable  that  ammeters  shall  not  be  in  series 
with  the  compensator^  if  there  is  one,  nor  with  relays  of  consider- 
able impedance,  although  if  the  impedance  is  constant  and  not  too 
large  the  ammeters  may  be  calibrated  to  correct  for  the  transform- 
er error. 

Power-Factor  Meter — This  instrument  may  be  in  series  with 
any  of  the  other  apparatus  unless  the  compensator  has  a  large  re- 
sistance. Any  ordinary  reactance  has  no  appreciable  effect  on  the 
power-factor  indication. 

Relays  or  Circuit  Breaker  Trip  Coils — This  connection  does 
not  offer  the  best  protection  to  the  circuit,  because  there  are  trans- 
formers in  only  two  lines,  so  that  it  is  possible  to  ground  the  middle 
line  without  operating  the  relays  or  circuit  breaker.  If  the  relays 
or  trip  coils  are  for  overload  protection,  three  Z-connected  trans- 
formers are  better.  If  they  are  for  reverse  current  protection,  three 
Y-connected  transformers  are  commonly  used,  with  three  relays. 
But  if  the  circuit  under  consideration  is  an  incoming  one  that  has 
all  three  lines  protected  at  the  other  end,  it  is  considered  good  prac- 
tice to  provide  only  two  transformers  for  overload  protection  at 
the  incoming  end. 

Voltage  Compoisator  or  Voltage  Regulating  Apparatus- — Volt- 
age compensating  or  regulating  apparatus  is  intended  to  correct  for 
the  line  drop  in  two  of  the  lines  (the  two  lines  between  which  the 
voltage  is  measured),  so  that  the  voltage  indication  or  regulation 
will  be  on  the  basis  of  the  voltage  between  these  two  lines  at  a  dis- 
tant point.  To  accomplish  this  perfectly  under  all  conditions  of 
unbalancing  it  is  necessary  to  correct  for  line  drop  in  both  lines  by 
means  of  current  transformers  in  both  lines  (they  must  then  have 
an  open  delta  instead  of  a  reversed-V  connection)  ;  but  if  the 
load  is  balanced  either  the  connection  in  Fig,  2  or  a  single  trans- 
former can  be  used,  but  the  compensation  will  be  30  degrees  from 
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the  right  phase  relation,  except  as  the  proportion  of  resistance  and 
reactance  compensation  is  varied  so  as  to  shift  the  phase  of  the 
total  compensation  and  correct  for  the  30  degrees  discrepancy. 
This  phase  relation  is  illustrated  in  Fig.  2,  where  the  lines  marked 
with  large  letters,  A  and  C,  represent  the  phases  of  the  currents  in 
the  two  current  transformers  and  the  lines  marked  with  small  let- 
ters ha  and  he  represent  the  voltages,  which  are  30  degrees  out  of 
phase  with  the  two  currents.  If  the  load  is  unbalanced,  it  is  more 
accurate  to  correct  the  three  voltages  independently,  by  means  of 
three  voltage  compensators,  but  this  is  usually  considered  an  un- 
necessary refinement. 

Where  only  one  current  transformer  is  used,  if  two  voltage 
transformers  are  available  and  a  lead  can  be  brought  out  from  the 
middle  point  of  one  of  them,  the  current  and  voltage  may  be  brought 
into  phase  with  each  other,  as  in  Fig.  3.  The  voltage  connection 
of  the  compensator  is  from  the  middle  of 
one  transformer  to  the  end  of  the  other. 
The  voltage  is  represented  by  the  line  mc 
in  Fig.  2,  which  is  exactly  in  phase  with 
the  current  C.  It  is  not  necessary  to  make 
the  30  degree  correction  mentioned  above 
by  varying  the  proportion  of  resistance 
.rc^r^r.  ,,.^..   ^ud  rcactancc  compensation,  but  the  volt- 

EIG.   3 — COMPENSATOR   WITH  \  / 

REVERSED     v-coNNECTioN   mctcr  uiust  bc  Specially  calibrated  so  as  to 
OF    CURRENT    TRANS-   jndicatc  full  voltagc  when  it  actually  has 
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only  86.6  percent  of  full  voltage.  Further- 
more, the  voltmeter  does  not  indicate  the  voltage  between  two  of  the 
lines,  but  a  combination  of  two  voltages.  This  is  not  necessarily 
a  serious  disadvantage,  especially  if  all  three  of  the  voltages  are 
about  the  same.  In  Figs.  2  and  3,  for  purpose  of  simplicity,  only 
a  voltage  compensator  is  shown.  It  may  be  replaced  by  any  other 
apparatus  correcting  for  line  drop. 

Y-CONNECTION 

The  Y-connection  is  not  so  common  as  the  one  just  considered, 
because  it  requires  an  extra  transformer,  and  there  is  usually  not 
sufficient  advantage  gained  to  warrant  it.  Where  it  is  used  it 
should  be  for  some  special  purpose.  The  following  are  among  the 
most  common  cases  where  a  Y-connection  is  desirable. 

I — All  of  the  apparatus  shown  in  Fig.  4  is  essentially  the  same 
as  in  Fig.  2,  with  the  addition  of  one  relay  which  is  connected  in 


1028 


THE  ELECTRIC  JOURNAL 


series  with  the  additional  current  transformer.  This  is  a  common 
method  of  connecting  reverse  current  relays  for  the  protection  of  all 
three  lines.  It  may  be  used  similarly  with  overload  relays,  but  the 
Z-connection  is  preferable  for  overload  in  that  it  requires  only  two 
instead  of  three  relays.  Three  ammeters  may  be  connected  as  indi- 
cated at  the  left,  or  for  a  three-phase  three-wire  circuit  the  middle 
ammeter  may  be  replaced  by  the  one  at  the  right,  in  the  middle  line 
of  the  power-factor  meter.  These  connections  are  suitable  for 
either  three-wire  or  four-wire  three-phase  circuits,  except  that  cur- 
rent in  the  neutral  line  introduces  errors  in  the  wattmeter,  watt-hour 
meter  and  power-factor  meter,  and  in  the  ammeter  at  the  right. 

2 — The  equivalent  of  a  Y-connection  is  sometimes  used  where 
one  instrument  (which  may  have  a  high  impedance)  is  to  be  con- 
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FIG.   4 — V-CONNECTION    FOR   OPERATING  THREE   RELAYS   AND  OTHER   APPARATUS 
ON   THREE   OR   FOUR-WIRE   CIRCUIT 


nected  to  one  transformer  and  the  other  transformers  are  used  as 
in  Fig.  2,  and  are  not  subject  to  the  errors  of  the  third  transformer. 
The  third  transformer  in  reality  has  nothing  to  do  with  the  other 
two,  except  for  its  location  and  the  fact  that  it  has  the  same  ground 
return.     These  connections  are  indicated  in  Fig.  5. 

3 — The  current  transformer  error  is  less  as  the  voltage  across 
its  secondary  is  decreased.  On  this  account  a  third  transformer 
may  be  added  to  furnish  a  part  of  the  voltage.  The  voltage  of 
each  transformer  is  thus  reduced,  and  the  ratio  is  correspondingly 
decreased.     Connections  are  as  in  Fig.  6. 

4 — On  three-phase  four-wire  circuits  three  Y-connected  trans- 
formers are  sometimes  used  with  ammeters.  Other  apparatus  used 
for  controlling  or  making  measurements  on  individual  lines  may  be 
similarly  connected.     The   reason   for  this  connection   rather  than 
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the  reversed-V  is  that  the  current  in  the  middle  line  is  liable  to  be 
different  from  the  resultant  of  the  two  outside  lines  (which  result- 
ant would  be  measured  with  a  reversed-V  connection).  A  four- 
wire  circuit  is  different  from  a  three-wire  circuit  in  this  respect. 
Fig.  7  shows  connections  of  ammeters  and  other  apparatus  on  a 
three-phase  four-wire  circuit.  Other  combinations  of  three  trans- 
formers are  used  for  this  purpose  more  frequently  than  the  Y-con- 


FIG.  5  —  Y-CONNECTION  TO 
SEPARATE  APPARATUS  OF 
HIGH   AND  LOW   IMPEDANXE 


FIG.  6 — Y-CONNECTION  TO 
REDUCE  TRANSFORMER 
ERROR 


nection.     They  will  be  mentioned  in  a  subsequent  paper,  dealing 
with  open-delta,  delta,  and  Z-connections. 

DOUBLE-REVERSED-V  AND  Y-CONNECTIONS  ON  SIX-PHASE  CIRCUITS 

A  six-phase  rotary  converter  ordinarily  receives  its  power  from 
a  bank  of  three  power  transformers.  There  are  three  cases  to  con- 
sider with  reference  to  the  grouping  of  current  transformers  :— 

Current  Transformers  in  High-Tension  Circuits — The  high- 
tension  circuit  is  ordinarily  a  three-phase  three  or  four-wire  cir- 

Ammctcrs  Other  Single  Phase  Apparatus 
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-Y-CONNECTION     TO     AMMETERS     AND     OTHER     APPARATUS 
ON    THREE-PHASE,    FOUR-WIRE    CIRCUIT 


cuit,  and  current  transformers  on  the  high-tension  side  have  the 
same  connections  as  on  any  other  three-phase  circuit.  The  corre- 
sponding voltage  transformer  connections  should  be  made  to  the 
high-tension  side  unless  it  is  allowable  to  have  a  phase  error  of 
a  few  degrees  due  to  the  reactance  drop  in  the  power  transformers. 
Neglecting  this  error,  low-tension  voltages  may  be  obtained  that  are 
in  phase  with  the  high-tension  voltages  between  lines  or  from  line 
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to  ground.     The  pairs  of  leads  in  Fig.  8   (a)  to  (d)  are  marked  to 
indicate  the  high-tension  voltages  with  which  they  are  in  phase. 

Current  Transformers  in  Double-Delta  Lozv-Tension  Circuit — • 
Where  the  power  transformer  secondaries  are  double-delta  con- 
nected, each  delta  is  distinct  and  could  have  its  own  current  and 
voltage  transformers,  but  the  voltages  are  so  nearly  balanced  that 
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FIG.  8 — LOW-TENSION  LEADS   IN   PHASE  WITH    HIGH-TENSION  LINES 

a — Delta  to  double  delta  power  transformers 

b — Delta  to  diametrical  power  transformers 

c — Y  to  double  delta  power  transformers 

d — Y  to  diametrical  power  transformers 

A,  B,  C  and  N  indicate  the  three  phases  and  neutral. 


the  extra  pair  of  voltage  transformers  is  unnecessary.  Also,  if  the 
rotary  converter  is  well  balanced,  it  is  not  always  necessary  to  have 
the  extra  current  transformers,  because  the  currents  in  the  two 
deltas  will  be  very  nearly  the  same.  Where  the  extra  current  trans- 
formers are  provided,  they  may  be  connected  as  in  Fig.  9  if  the  ap- 
paratus to  which  the  secondaries  connect  has  a  large  enough  cur- 
rent capacity. 
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Current  Transformers  in  Diametrical  Lozv-Tension  Circuit — 
Each  power  transformer  secondary  is  in  a  separate  circuit.  If  the 
load  is  unbalanced  it  is  necessary  to  have  a  current  transformer  in 
each  transformer  circuit.  The  three  current  transformers  should 
have  a  Y-connection,  or  some  other   connection  suitable  for  a  three- 


FIG.    9 DOUBLE    REVERSED    V-CONNECTED 

CURRENT  TRANSFORMERS  ON  DOUBLE 
DELTA  CONNECTED  POWER  TRANS- 
FORMER  CIRCUIT 
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FIG.  10  —  Y-CONNECTED  CURRENT 
TRANSFORMERS  ON  DIAMETRICALLY 
CONNECTED  POWER  TRANSFORMER 
CIRCUIT 


phase  four-wire  circuit,  because  this  is  similar  to  a  four-wire  cir- 
cuit in  its  operation.  For  a  wattmeter  or  power-factor  meter  the 
phase  relations  of  the  voltage  transformers  should  be  as  on  a  three- 
phase  four-wire  circuit.  The  connections  A  A',  B  B',  and  C  C  in 
Fig.  10  have  this  phase  relation. 


RELATION  OF  WHEEL  BASE  TO  RADIUS  OF 
MliNMUM  CURVE 

GRAHAM  BRIGHT 

IN  the  railway  and  industrial  locomotive  field  it  is  often  de- 
sirable to  ascertain  quickly  the  minimum  curve  that  a  locomo- 
tive or  car  with  a  certain  rigid  wheel  base  can  negotiate,  or 
the  maximum  wheel  base  that  can  negotiate  a  given  curve. 

There  are  a  number  of  different  formulae  that  can  be  used  to 
determine  these  values,  but  all  require  more  or  less  calculation 
and  time.   The  set  of  curves  shown  in  Fig.  i  make  it  possible  to 
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FIG.    I — MINIMUM   RADIUS  OF  CURVATURE  WHICH  CAN   BE  NEGOTI- 
ATED  BY   RIGID   WHEEL   BASES   OF   VARIOUS   LENGTHS 

obtain  directly  the  information  desired.*  The  values  given  are 
for  standard  wheel,  flange  and  truck  play.  In  order  that  the 
curves  shall  gives  results  on  the  safe  side,  the  same  gauge  is  as- 
sumed on  the  curve  as  on  the  tangent  track.  If  the  track  is  so 
constructed  at  curves  that  liberal  spread  is  allowed,  the  values 
given  for  wheel  base  may  be  increased  from  lo  to  25  percent. 


*The  basis  on  which  these  curves  are  drawn  up  is  from  the  following 
information  given  in  a  handbook  entitled  "Locomotive  Data"  issued  by  the 
Baldwin  Locomotive  Works : 

R  =  W-^  (2  sin  a) 

in  which  R  =  Radius,  in  feet,  of  sharpest  curve  that  can  be  passed,   W  =: 

Wheel  base   in    feet,   a  =  Angle   which   flanged   wheels   make   with  the   rail. 

Wheels  ro  in.  to  24  in.  diameter  sin  a  =  0.117 

"        15  in.  to  30  in.        "  "     "  =  0.107 

"        31  in.  to  40  in.        "  "     "  =  0.090 

"        41  in.  to  50  in.        "  "     "  =  0.080 

"        51  in.  to  60  in.        "  "     "  =  0.075 


EXPERIENCE  ON  THE  ROAD. 

LEONARD    WORK 

WHEN  exciter  generators  are  to  be  controlled  by  a  Tirrill 
voltage  regulator,  it  is  necessary,  in  order  to  secure  an 
equal  division  of  load  when  operating  in  parallel,  that 
their  regulation  characteristics  be  similar.  Compound-wound  ex- 
citers of  diverse  capacities  and  of  various  makes,  are  apt  to  show 
different  regulation  characteristics,  and  satisfactory  parallel  opera- 
tion requires  that  such  differences  be  harmonized.  This  is  usually 
accomplished  by  adjusting  the  compounding  of  the  machines,  the 
amount  of  adjustment  required  being  indicated  from  curves  of 
voltage  variation  obtained  under  different  loads. 

Instances  now  and  then  arise  where  considerable  difficulty  is 
encountered  in  making  two  or  more  generators  parallel  properly, 
and  where  no  amount  of  alteration  of  compounding  or  adjustment 
of  the  auxiliary  rheostat  supplied  in  voltage  regulator  installations  is 
able  to  bring  about  the  desired  result.  A  noteworthy  case  of  this  kind 
occurred  recently  where  a  voltage-regulator  was  installed  to  con- 
trol two  22.5  kilowatt  compound-wound  exciters.  Both  were  of 
the  same  size  and  make,  and  apparently  were  exact  duplicates. 
When  these  machines  were  connected  to  the  regulator  and  in  par- 
allel under  an  equally  divided  load,  the  division  being  effected  by 
auxiliary  rheostat  adjustment,  any  increase  of  load  called  for  by 
the  regulator  invariably  caused  No.  2  exciter  to  take  the  increase 
and  No.  i  to  lose  a  small  amount  of  load.  This  seemed  to  indi- 
cate beyond  all  doubt  an  excess  of  compounding  on  No.  2,  or  a  lack 
of  it  on  No.  I,  notwithstanding  the  fact  that  the  regulation  curves 
of  the  exciters  were  very  similar. 

In  this  plant  the  voltage  requirements  were  such  that  the 
series  windings  on  the  machines  could  not,  as  a  probable  means  of 
removing  the  trouble,  be  dispensed  with.  It  was  therefore  decided 
to  decrease  the  compounding  of  No.  2  exciter.  This  was  not  done 
by  shortening  the  shunt  across  the  series  winding  but  by  introduc- 
ing resistance  in  series  with  the  series  winding,  inside  the  shunt 
connection.  Incidently  it  may  be  mentioned  that  a  point  often 
overlooked  in  the  adjustment  of  direct-current  machines  for  par- 
allel operation,  is  that  an  alteration  of  the  shunt  of  one  machine 
also  affects  the  machine  with  which  it  is  coupled,  since,  owing  to 
the  presence  of  the  equalizer,  the  resistance  shunts  and  the  series 
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windings  of  both  machines  are  all  in  parallel.  Therefore,  to  de- 
crease the  compounding  of  one  of  a  pair  of  generators  by  shorten- 
ing its  shunt  is  to  similarly  decrease  the  compounding  of  the  other. 
In  cases  where  it  has  been  particularly  difficult  to  make  the  regu- 
lation of  two  machines  similar,  success  has  been  obtained  only  by 
the  introduction  of  resistance,  in  series  with  the  series  winding 
of  the  one  having-  the  greater  compounding,  inside  its  shunt, 
thus  decreasing  the  current  in  the  series  coils. 

After  the  addition  of  resistance  to  the  series  windings  of  this 
generator,  its  compounding  was  observed  to  be  greatly  reduced, 
and  a  re-setting  of  the  auxiliary  rheostat  was  required  to  balance 
the  loads.  However,  contrary  to  all  predictions,  upon  a  demand 
for  more  current  at  the  exciter  bus-bars  No.  2  still  manifested  as 
strong  a  tendency  as  ever  to  monopolize  the  load.  A  further  re- 
duction in  the  compounding  of  this  machine  availed  nothing. 
This  paradoxical  result  was  hardly  anticipated  but  obviously  indi- 
cated the  futility  of  any  further  pursuit  along  these  lines. 

Attention  was  next  directed  to  tightening  up  uncertain  con- 
tacts in  the  equalizer  connections  and  to  securing  an  accurate 
brush  setting,  which  on  No.  2  generator  was  found  to  be  consider- 
ably behind  the  neutral.  These  latter  adjustments  caused  a  slight 
improvement  in  conditions :  No.  i  exciter  instead  of  losing  cur- 
rent as  formerly,  upon  an  increase  of  bus-bar  load  was  now  very 
reluctantly  inclined  to  follow  the  lead  of  its  companion. 

The  conditions  at  this  stage  were  as  follows : — Starting  with 
50  amperes  on  each  exciter,  if  an  increase  in  load  caused  No.  2 
to  assume  90  amperes,  No.  i  took  only  60.  If  a  light  load  caused 
No.  2  to  drop  to  10,  No.  i  would  still  have  40  amperes.  It  was 
clear  that  when  No.  i  machine  was  given  a  certain  load  it  was 
loath  to  part  with  it  or  to  accept  more  while  in  parallel  with  the 
more  sensitive  unit.  It  was  apparently  very  sluggish  or  slow  to 
respond  to  variations  of  its  own  field  current.  The  saturation 
curve  of  the  sluggish  machine  showed  that  it  required  a  consider- 
able variation  of  the  field  current  to  lower  or  raise  the  voltage  at 
any  point  on  the  curve. 

The  trail  of  investigation  now  turned  to  the  air-gaps  of  the 
generators  in  question  and  disclosed  the  fact  that  the  clearance  be- 
tween armature  and  field  poles  was  much  less  in  one  of  the  ma- 
chines than  in  the  other.  The  matter  was  soon  remedied  by 
changing  the  air-gap  by  readjustment  of  liners.       After    this    ad- 
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justment  was  completed  the  machines  were  again  started  up 
and  each  machine  found  to  operate  properly  when  running 
alone. 

The  machines  were  again  connected  in  parallel  and  under  con- 
trol of  the  regulator.  A  few  minutes  observation  sufficed  to  prove 
that  the  trouble  had  been  eliminated.  The  No.  i  machine  indi- 
cated through  its  ammeter  its  responsiveness  to  all  load  varia- 
tions, the  difl'erence  in  load  between  the  two  being  so  slight  as 
to  be  negligible. 


AN  INDUCTION  MOTOR  WITH  TWO-PHASE— 
THREE-PHASE  CONNECTION 

D.  C.  McKEEHAN 

THE  difficulty  arising  in  changing  ordinary  two-phase  induc- 
tion motors  to  three-phase  is  that  the  required  three-phase 
voltage  is  usually  out  of  range  of  those  found  in  common 
practice.  Thus,  in  investigating  the  matter  of  changing  a  certain 
50  horse-power  induction  motor  from  220  volts  two-phase  to  440 
volts  three-phase,  the  voltages  suitable  for  delta  or  star  connection 
of  the  primary  were  found  to  be  320  and  550  respectively,  while 
the  only  available  supply  was  440  volts.  The  motor  was  of  a  some- 
what obsolete  type,  with  revolving  primary  and  wave  wound  sec- 
ondary (stator).  It  was  started  by  closing  the  line  switch  and, 
after  attaining  full  speed,  short-circuiting  the  stator,  as  shown  in 
Fig.  I  a.  The  original  winding  consisted  of  six  coils  per  group, 
each  phase  being  connected  in  two  parallel  circuits  of  four 
groups  in  series,  i.e.,  96  coils  in  all. 

To  adapt  this  motor  for  operation  on  the  three-phase,  440  volt 
circuit  available  without  altering  its  operating  speed,  the  following 
changes  were  made: — In  the  primary  phase  A,  Fig.  i&  the  two 
groups  (48  coils)  were  connected  in  series,  the  ends  being  connec- 
ted to  the  line.  In  phase  B,  the  groups  were  connected  in  series, 
but  one  coil  of  each  pole  was  omitted  from  circuit.  These  idle 
coils  were  left  in  the  slots,  however,  in  order  to  maintain  mechani- 
cal balance  of  the  rotor.  One  end  of  this  phase  was  connected  to 
the  line  and  the  other  end  to  the  middle  point  of  phase  A.     The 
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method  involves  no  new  idea,  as  it  is  simply  an  application  of  the 
familiar  three-phase — two-phase  transformation  scheme  to  an  in- 
duction motor.  The  success  of  the  arrangement  meant  a  saving 
of  two  transformers  besides  uniformity  of  apparatus  as  regards 
voltage.  It  is  applicable  in  cases  where  the  two-phase  motor  is  lib- 
erally rated,  as  the  starting  torque  and  maximum  torque  will  be 
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reduced  considerably  and  the  temperature  rise  at  full  load  when 
operating  as  a  three-phase  motor  will  be  about  35  percent 
greater  than  as  a  two-phase  machine.  The  motor  in  question 
had  been  in  service  for  some  fifteen  years,  and  continues  to 
operate  satisfactorily  with  the  three-phase  connections. 
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Our  readers  are  invited  to  use  this  department  for  obtaining  infortnation 
on  electrical  and  mechanical  subjects.  The  topics  should  be  of  general  in- 
terest ana  of  the  kind  that  can  be  treated  briefly.  Each  inquiry  should  be 
accovipar.ied  by  a  stamped  return  envelope. 

/Address  all  questions  to  The  Journal  Question  Box,  care  of  The  Electric 
Journal,  Box  ^n,  Pittsburgh,  Pa. 


631— Pitting  of  Generator  Col- 
lector Rings — We  have  a  num- 
ber of  4000  and  2000  k\v,  6  000 
volt  alternating-current  generators 
which  give  considerable  trouble  at 
the  collector  rings.  The  surface  of 
the  rings  is  badly  pitted,  especially 
at  certain  points.  What  is  the 
cause  and  how  can  the  rings  be 
cut  smooth?  c.  w.  G. 

We  assume  that  the  generators 
referred  to  are  revolving  field  gen- 
erators and  that  the  collector  rings 
carry  the  exciting  direct  current.  The 
most  common  of  the  several  possible 
reasons  is  that  the  rings  and  brushes 
are  not  kept  perfectly  clean,  and  that 
not  enough  lubrication  is  used.  Fur- 
thermore, there  are  certain  combina-  • 
tions  of  material  in  rings  and  brushes 
which  produce  better  results  than 
others.  A  good  combination  is  a  cast 
iron  ring  and  a  moderately  soft  car- 
bon brush.  One  reason  for  pitting 
of  collector  rings  is  defective  cast- 
ings. Blow  holes  may  develop  after 
the  surface  of  the  ring  has  been 
worn.  It  usuallv  helps  to  turn  the 
rings  down  sufficiently  to  clear  out 
all  of  the  holes  in  the  surface  of 
the  rings,  to  lubricate  properly  and 
to  be  sure  that  the  brushes  move 
freely  in  the  holders  and  have  the 
right  tension.  j.b.-w. 

632 — Principle  of  Design  of  Am- 
meters   and    Voltmeters  —  Does 

the  ammeter  differ  from  the  volt- 
meter  onlj'   in   the   size    of    cross- 
section    of   the    wires    used   in  its 
manufacture  or  how?     Please    ex- 
plain. J.  L.  c. 
Voltmeters  are  made  on  the  same 
principle  as  ammeters.     They  have  a 
much  larger  number  of  turns  of  wire 
in  the  winding,  and  small  sized  wire 
is    used.      The   voltmeter   reading  is 
dependent   upon    the   amperes    in    its 
winding.     Therefore  a  voltmeter  may 
be  considered  as  a  low-reading  am- 


meter in  which  the  scale  is  marked  to 
read  the  voltage  required  to  pass 
sufficient  current  through  the  coils  to 
give  a  certain  deflection.  Nearly  all 
voltmeters  contain  resistance  coils 
in  series  with  the  operating  coils,  for 
the  purpose  of  keeping  the  current 
down  to  a  very  small  amount. 

H.  B.  T. 

633— Effect  of  Opening  Field  of 
Alternator— What  would  be  the 
effect  of  tripping  the  field  on  a 
2000  kw  three-phase  turbo-genera- 
tor operating  in  parallel  with 
others?  What  would  be  the  effect 
of  immediately  replacing  it? 

G.  M.  D. 

The  generator  may  or  may  not 
drop  out  of  step,  depending  upon  the 
load  which  it  is  carrying  and  upon  its 
inherent  synchronizing  ability.  If 
operating  at  full-load,  it  will  prob- 
ably drop  out  of  step.  If  so,  re- 
placing the  field  will  not  correct  the 
trouble.  In  that  case  it  will  be  neces- 
sary to  disconnect  the  generator 
from  the  line  and  re-synchronize  it. 
If  the  generator  does  not  drop  out  of 
step  the  field  can  be  replaced  and 
normal  conditions  secured  without 
disconnecting  the  generator  from  the 
line.  E.  M.  0. 

634 — Emergency  Connection  for 
Delta-Star  Transformers  —  Cur- 
rent is  generated  in  a  power-house 
at  2200  volts  and  stepped  up  by 
means  of  three  single-phase  trans- 
formers (primaries  connected  delta, 
secondaries  in  Y  with  the  neutral 
grounded),  to  the  transmission 
voltage,  60000  volts.  There  are 
four  sub-stations  on  this  line,  and 
the  .  transformers  are  connected 
primary  star  with  neutral  ground- 
ed, and  with  the  secondaries  in 
delta.  In  case  one  of  the  trans- 
formers at  the  power  house  should 
burn  out,  what  would  be  the 
proper  way  to  connect    the    other 
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two,  to  save  changing  those  in  the 
sub-stations,   which    is    almost    im- 
possible. G.  M.  D. 
The  burnt  out  transformer  should 
be  removed  from  the  circuit  and  the 
conductor    of    the    transmission    line 
thereby   left   inactive   should  be   con- 
nected to  the   neutral    point    of    the 
high-tension  side  of  each  of  the  sub- 
station   groups    and  to  the   common 
point  of  the  high-tension  windings  of 
the     two     remaining     power     house 
transformers.      The     neutral     points 
may  or  may  not  be  left  grounded.    It 
is    better   to   have    them   ungrounded 
under  these  conditions,  otherwise  tel- 
ephone    disturbances     are    likely     to 
arise.     The  capacity  of  each  of   the 
sub-station   groups,   with    a   load    of 
given  power-factor,  is  reduced  to  57 
percent  of   the  rated  capacity.      The 
two   power   house   transformers   will 
deliver  86  percent  of  the  capacity  of 
the   transformers   remaining  in   serv- 
ice.    The  line  connected  to  the  neu- 
tral  points    will    carry   a   current     in 
value  approximately  7^,  percent  higher 
than  the  current  in  each  of  the  other 
two  lines.  c.  f. 
635 — Stresses  in  Transmission  Line 
Wires — In     a    transmission    line 
with  "A"  frame  steel  towers  about 
400  feet  apart,  is  there  any  objec- 
tion to  so  stringing  the  six  copper 
wires   (two  three-phase  lines)   that 
in  cold  weather  they  will  be  stress- 
ed   beyond     the     elastic    limit,    yet 
with   a   factor  of  safety  such  that 
the  stress  will  be  one-half  the  ulti- 
mate strength  at  20  degrees  below 
zero.                                            A.  L.  M. 
Copper    wires    having   an   ultimate 
tensile     strength     of     approximately 
30  000   to   40  000   pounds    per    square 
inch    and    an    elastic    limit    of    about 
15000  pounds  are  probably  referred 
to.   As  a  general  proposition,  a  factor 
of  safety  of  two  is  not  sufficient  for 
conductors  of  low  tensile  strength.  If 
cables    having    high    tensile    strength 
were   involved,   such  a  safety   factor 
would    probably    prove    satisfactory, 
provided   the   cables  were   so   strung 
as  to  allow  for  their  contraction  at 
times     when     the     temperature     ap- 
proached 20  degrees  below  zero.     It 
will  be  seen  that  if  the  lines  were  in- 
stalled   with    a    tension    approaching 
the     elastic     limit     of     the     material 
under  condition  of  summer  tempera- 
tures, the  contraction  resulting  from 


the  lower  temperatures  of  winter 
might  be  sufficient  to  strain  the  con- 
ductors beyond  their  ultimate  ten- 
sile strength.  Moreover,  if  the 
question  were  based  on  the  assump- 
tion that  the  stresses  were  to  be  cal- 
culated as  occurring  in  still  air,  and 
the  lines  were  stressed  beyond  their 
elastic  limit  and  up  to  one-half  of 
their  ultimate  tensile  strength  with 
the  temperature  at  20  degrees  below 
zero,  the  wires  would  be  liable  to 
break  in  case  of  a  severe  wind  storm, 
particularly  if  the  wires  were 
coated  with  sleet.  Probably  little 
trouble  would  be  experienced  with 
the  towers,  so  long  as  the  line  wires 
did  not  break,  for,  in  a  properly  de- 
signed and  carefully  constructed 
transmission  line,  there  will  be 
equal  strains  in  opposite  direction 
along  the   line.  s.  Q.  H.  &  c.  h.  s. 

636 — Power-Factor  Curve  of  In- 
duction Motor — What  would  be 
considered  a  good  power-factor 
curve  from  no-load  to  full-load  on 
a  100  hp,  two-phase,  220  volt,  450 
r.p.m.  induction  motor.  G.  h.  s. 

The  following  would  be  a  good 

power-factor  curve: — 

AfoTOR  Squirrel  Slip 

MOTOR  ^^^^  ^^^^ 

o   0.15  0.12 

li    0.57  0.52 

Vz    0.77  0.73 

^    0.8s  0.82 

Full   Load 0.88  0.86 

H.  L.  B. 

637— Distribution  System  for  Steel 
Plant — A  steel  company  is  about 
to  make  use  of  the  three-phase — 
two-phase  connection  for  trans- 
forming from  13  200  volts  three- 
phase  to  220  volts  two-phase.  The 
service  is  for  motor  and  lighting 
purposes,  the  load  varying  from  50 
kw  to  500  kw.  Would  this  system 
be  practicable  in  this  case?  What 
trouble  is  most  likely  to  occur? 
Would  it  be  satisfactory  to  change 
from  13200  volts  to  220  volts  and 
operate  the  mill  at  this  voltage?  Is 
there  any  danger  as  regards  fire 
risk,  etc.  What  protection  would 
you  recommend?  g.  h.  s. 

The  system  you  propose  is  prac- 
ticable if  the  horse-power  of  the 
largest  motors  is  not  too  large  for  a 
220  volt  design.  The  only  serious  ob- 
jection to  a  low  voltage  system  for 
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motor  circuits  is  that  it  takes  a  com- 
paratively large  current  for  a  small 
amount  of  power,  and  the  line  drop 
on  the  distributing  system  may  be 
troublesome.  There  should  be  no 
difficulty  in  transforming  from  13  200 
volts  to  220  volts  and  operating  the 
mill  at  220  volts.  There  should  be 
no  more  fire  risk  in  this  case  than  at 
other  voltages.  The  wiring  should, 
of  course,  be  installed  in  accordance 
with  the  rules  of  the  National  Board 
of  Fire  Underwriters.  The  most 
desirable  protection  would  depend  on 
local  conditions.  A  circuit  breaker, 
auto-starter  or  overload  relay,  with 
an  inverse  time  limit  would  be  de- 
sirable on  at  least  the  larger  motors. 
H.  w.  B. 

638 — Three-Phase  Power  with  One 
Single-Phase    Wattmeter— When 

measuring  the  power  supplied  to  a 
perfectly  balanced  three-phase  delta- 
connected  induction  motor,  is  it 
possible  to  use  a  single-phase  watt- 


,^ 
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> 

^^^ 
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Fig. 

638    ( 

a) 

meter,  using  only  one  voltage  and 
one  current  transformer  as  shown 
on  the  sketch  Fig.  638   (a)  ? 

G.  .H  c. 

No,  not  with  a  single-phase  watt- 
meter and  only  one  voltage  and  one 
current  transformer,  unless  the  volt- 
age transformer  can  be  connected  tq 
the  neutral  point  of  the  system.    With 
the  connection  shown,  the  correction 
factor  is  different  at  different  power- 
factors.  H.  w.  B. 
639— Highest   Voltage    Direct-Cur- 
rent    Generator — What     is     the 
highest  voltage  direct-current  dyna- 
mo ever  built  that  you  have  record 
of?  W.J. p. 
A  25  000  volt  direct-current  genera- 
tor was  built  by  M.  Thury  for  testing 


purposes.  Its  approximate  rating  was 
25  kw,  one  ampere.  This  machine 
was  of  the  revolving  field  type,  the 
field  current  being  introduced  by 
means  of  collector  rings  and  brushes. 
The  commutator  was  operated  at 
about  500  average  volts  per  segment. 
Condensers  were  connected  in  shunt 
across  adjacent  commutator  bars. 
This  machine  probably  had  constant 
current  characteristics  which  permit- 
ted much  higher  voltage  per  bar  than 
IS  permissible  with  constant  poten- 
tial machines.  f.i.h. 

640 — Varnished    Cambric — How    is 

the  insulating  material  known  as 
"varnished  cambric"  made?  Is  it 
a  secret  process?  w.j.p. 

Varnished  cambric  consists  usually 
of  a  special  grade  of  cambric  coated 
on  both  sides  with  two  or  three  coats 
of  a  baking  varnish.  This  coating  is 
put  on  either  by  stretching  the  cam- 
bric to  be  treated  on  frames  and  dip- 
ping in  a  vat  of  varnish,  allowing  to 
drain  and  then  baking  in  a  properly 
heated  oven,  or  by  a  tower  method  in 
which  the  process  of  dipping  and  dry- 
ing each  successive  coat  is  made  con- 
tinuous. The  details  of  the  process 
are  usually  kept  more  or  less  secret 
by  the  manufacturers,  but  in  the  main 
the  process  is  essentially  the  same. 
The  difference  in  grade  depends  on 
the  grade  of  cambric  used,  the  qualitv 
of  the  varnish,  and  the  skill  with 
which  the  coating  and  baking  are  ac- 
complished. For  further  information 
see  article  by  Mr.  R.  H.  Arnold  on 
"Insulating  Materials,"  in  the  Jour- 
nal for  Feb.,  191 1,  p.  197.  c.e.s. 

641— Grouping     of    Meter     Trans- 
formers on  Three-Phase   Circuit 

—When  measuring  the  power  sup- 
plied to  a  perfectly  balanced  three- 
phase  delta-connected  induction 
motor  by  means  of  the  single 
wattmeter  method,  using  three 
voltage  transformers  and  one  cur- 
rent transformer,  can  the  high 
potential  side  of  the  transformers 
be  connected  in  delta  and  the  low- 
tension  side  in  star,  or  must  the 
high-tension  be  connected  in  star 
thesame  as  the  secondaries?  Also, 
is  it  possible  to  use  two  voltage 
transformers  on  open  delta  primary 
in  place  of  the  three  above  men- 
tioned? Kindly  give  sketches  and 
the  ratios  of  the  wattmeter  to  the 
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power  irrespective  of  the  ratio  of 
the  various  transformers. 

G.  H.  c. 
Assuming  that  the  voUages  as  well 
as  the  currents  are  balanced,  the  pri- 
maries of  the  transformers  may  be 
connected  in  delta  and  the  secondar- 
ies in  star,  as  in  Fig.  641  (a),  but 
the  third  transformer  is  of  no  value 
in  this  case.  Transformer  No.  3 
may  be  omitted  without  affecting  the 
results.  Fig.  641  (a)  would  then  be 
equivalent  to  the  diagram  Fig.  9  of 
the  article  on  "Meter  and  Relay  Con- 
nections" in  the  Journal  for  January, 
igog,  p.  47.  Fig.  8  of  the  same  ar- 
ticle shows  another  method  for  ob- 
taining the  same  readings  by  the  use 
of  two  current  transformers  and  one 
voltage  transformer.  If  the  primaries 
are   connected   in    star,    the    common 


Fig.    641    (a) 

point  of  the  three  transformers  will 
not  be  a  true  neutral,  and  a  consider- 
able error  will  result,  unless  the 
magnetizing  currents  of  the  three 
transformers  are  the  same.  Trans- 
formers that  are  to  be  used  in  this 
way  should  first  be  tested  in  parallel, 
to  see  that  each  takes  the  same  mag- 
netizing current  at  the  same  voltage. 
An  ordinary  open  delta  connection  is 
not  suitable  for  this  use._  When  the 
primaries  and  secondaries  of  the 
voltage  transformers  are  star-con- 
nected, assuming  a  i-to-i  ratio  of  all 
transformers,  the  wattmeter  reading 
must  be  multiplied  by  3  to  obtain  the 
total  power  transmitted  over  the 
three  lines.     In  all  other  cases  men- 


tioned above  the  wattmeter  indi- 
cates the  total  three-phase  power, 
■unthout  multiplying  by  3.  H.  w.  b. 

642 — Test  of  800  Ampere  Direct- 
Current      Wattmeter  —  An      800 

ampere,  250  volt  direct-current 
wattmeter  is  to  be  calibrated. 
It  is  connected  on  a  circuit 
having  a  very  badly  fluctuat- 
ing load  (elevator).  Does  any 
company  put  on  the  market  a  port- 
able rotating  standard  which  would 
be  applicable  to  such  a  capacity? 
Would  it  be  feasible  to  use  a  gen- 
erator located  at  the  station  by 
running  the  engine  slow  and  put- 
ting its  series  coils  in  circuit  with 
the  current  coils  of  the  wattmeter? 
This  would  of  course  necessitate 
disconnecting  the  wattmeter,  but 
can  you  suggest  a  better  scheme? 
Up  to  300  amperes,  a  water  barrel 
rheostat  load  is  satisfactory,  but 
above  that  it  is  an  inconvenient 
and  slow  method.  I  have  no  dupli- 
cate meter  to  put  in  series  with  the 
meter  under  test.  f.  g.  f. 

We  know  of  no  portable  rotating 
standard  meter  for  use  on  800  am- 
peres direct-current.  A  generator 
can  be  used  in  the  manner  men- 
tioned. It  could  also  be  run  at  full 
speed  with  low  excitation  and  the 
wattmeter  connected  with  ammeter  in 
series  across  the  terminals.  A  sepa- 
rate source  of  potential  would  of 
course  be  necessary  for  either  of 
these  schemes,  in  order  to  excite  the 
voltage  coil  of  the  wattmeter. 

A.  w.  c. 

643 — Converter  Operated  as  a  Syn- 
chronous Motor— Would  a  sin- 
gle-phase rotary  converter  give 
mechanical     power     in     the     same 

amount  as  a  single-phase  motor  of 
like  capacity,  provided  there  were 
no  direct  current  taken  off  the 
commutator  end?  If  not,  what 
proportion  of  its  capacity  would  it 
give?  w.j.p. 

A  rotary  converter,  if  properly  de- 
signed to  operate  as  a  single-phase 
converter,  ought  to  operate  as  a 
motor,  giving  mechanical  loads  up 
to  the  amount  at  which  it  carries 
load  when  operated  as  a  rotary  con- 
verter, providing  the  construction  of 
the  converter  is  such  that  it  will  be 
able  to  take  care  of  mechanical  loads. 
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The  power-factor  will  probably  be 
very  low.  It  would  be  preferable  to 
raise  the  brushes  from  the  commuta- 
tor of  the  machine  in  case  it  was 
operated  as  a  motor.  j.b.w. 

644 — Current  Transformer  Con- 
nections— Some  time  ago  I  was 
sent  out  to  look  over  the  connec- 
tions to  a  few  wattmeters ;  the  sin- 
gle-phase meters  were  connected  to 
the  current  transformers  as  shown 
in  Fig.  644  (a).  Have  I  shown  the 
arrows  correctly  in  the  connections 
used?  Does  the  wire  A  carry 
twice  the  current  of  wire  B?  Of 
late  I  have  seen  a  connection  made 
between  the  in-going  sides  of  the 
voltage  and  current  coils  as  shown 
by  the  wire  X.  Does  it  protect  the 
current  transformer  from  the  re- 
sulting kick   should  the   circuit  be 


Figs.   C>ii    (a)    and   (b) 

accidentally  opened  at  the  meter;  if 
so,  how  is  the  circuit  made  com- 
plete? I  have  heard  many  different 
explanation  for  the  use  of  this 
tie  wire,  but  none  that  seem  sat- 
isfactory. F.  G.  F. 

The  arrows  showing  direction  of 
currents  are  not  correct,  as  no  cur- 
rent would  flow  through  the  current 
coil  of  the  meter.  The  correct  di- 
rections are  shown  in  Fig.  644  (b). 
In  some  cases,  on  high  voltage  cir- 
cuits, it  is  desirable  to  make  a  con- 


nection   between    shunt    and     series 
coils  as  shown  by  wire  X,  in  order  to 
eliminate  any  electro-static  effect  be- 
tween the  two  elements  in  the  meter. 
The   tie   does   not  protect   the   series 
transformers     in     the    manner    sug- 
gested. A.  w.  c. 
645 — Unbalancing     of     Phases     on 
Power     Transformer — Two     100 
kw,    13  000    to    400    volt,    25    cycle 
power  transformers  are  connected 
in  open  delta  on  both  high  and  low- 
tension  sides.     The  secondaries  are 
connected  to   a  constant   speed   Y- 
connected  induction  motor  rated  at 
225    hp,   400   volts,   25    cycles,    full 
speed  480  r.p.m.     Series  transform- 
ers  are   placed   in  the   middle   and 
outside     secondary     leads     of     the 
transformers,    and    ammeters    con- 
nected thereto  show  a  smaller  cur- 
rent in  the  middle  than  in  the  out- 
side wires  by  approximately  2^  per- 
cent. Is  this  as  it  should  be?  Please 
indicate  the  relative  values  of  cur- 
rent in  both  the  primary  and  sec- 
ondary leads   of  the  transformers 
when  a  power-factor  of  50  to  100 
percent   obtains   and   from   no-load 
to  150  percent  load.  f.h.c. 
The  current  in  the  middle  lead  of  a 
V-connected    bank    of    transformers, 
with  equal  voltage   impressed  on  all 
three    phases    of    the    primary    side, 
should  be  slightly  more  than  the  cur- 
rent in  the  outside  leads  on  account 
of  the  fact  that  the  drop  in  voltage 
across  the  open  phase  of  the  bank  is 
greater  than  across  the  closed  phases; 
this    difference    in    voltage    between 
open  and  closed  phases  increases  with 
decrease  in  power-factor.     The  une- 
qual current  in  the  present  case  must 
be  due  to  unequal  impressed  voltages 
on  the  primary  side,  or  some  other 
cause  not  within  the  transformer.  The 
ratio  of  current  in  the  primary  and 
secondary  sides  of  the  transformers 
at  any  power-factor  and  load  is  in- 
versely proportional  to  the  ratio  of 
turns,  and  the  ratio  of  turns  is  equal 
to  the  ratio  of  voltages.    The  current 
is  equal  to  load  in  kw -^  i. 73  x  volt- 
age X  power-factor.  j.f.p. 
646  —  Three-Phase      Power- Factor 
with  two  Wattmeters— a— Please 
advice  if  the  following  formula  for 
finding  the  power-factor  of  a  three- 
phase  circuit  from  the  readings  of 
the  two  wattmeters  used  to  measure 
the  power  is  an  accurate  one  and 
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also  if  this  holds  for  unbalanced 
circuits? 

V3(W— W,). 
Tan  6=^ ,  from  which 

cos  Q  is  obtained,  h — What  would 
be  the  resultant  power-factor  of  a 
delta-connected  three-phase  receiv- 
ing circuit  when  the  power-factors 
of  the  respective  loads  are  loo,  70, 
and  60  percent?  E.C.E. 

a — This  formula  is  correct  for  bal- 
anced but  not  for  unbalanced  circuits. 
Note  Nos.  67,  May,  1908;  193,  Jan., 
1909;  364,  Jan.,  1910;  452,  June,  1910. 
b — A  diagram  should  be  furnished  or 
a  more  complete  explanation  given  of 
the  arrangement  of  circuits,  e.g.,  it 
should  be  stated  what  component  of 
the  load  is  at  100  percent  power-fac- 
tor, what  at  70,  etc.,  and  through 
what  circuits  currents  flow.        h.w.b. 

647 — Effect  of   Shape   of  Yoke  on 
Magnetic        Leakage — 'In        the 

sketches,  Figs.  647  (a)  and  (b), 
which  of  the  two  field  yokes  would 
give  the  best  results?  Which  would 


(a)  (b) 

Figs.  647   (a)  and   (b) 

have  the  less  magnetic  leakage? 
cross  sectional  dimensions  of  iron 
are  the  same — in  both  cases. 

wj.p. 
A  field  yoke  giving  a  long  shallow 
magnetic    circuit    such    as    shown    in 
Fig.  647  (a)  would  have  the  smallest 
magnetic  leakage  as  far  as  the  effect- 
ive armature  flux  is  concerned.     The 
question    as    to    which    is    the    better 
form   to   employ   in   a  given   case   is 
one  depending  chiefly  upon  the  struc- 
tural convenience,  etc.  f.i.h. 
648 — Induction       motor       changed 
from    Internal    to    External    Re- 
sistance Type — We  have   several 
General  Electric  induction  motors, 


three-phase,  wound  secondary  type, 
for  60  cycles,  440  volts,  and  from 
50-150  hp.  capacity,  fitted  with  in- 
ternal    secondary     resistance     for 
starting,     which     is     cut     out     by 
brushes  actuated  by  a  rod  through 
the  hollow   shaft.     They  are  used 
in  dusty  places  under  heavy  start- 
ing conditions,  which  results  in  the 
brushes  and  copper  resistance  bars 
burning  out.    I  propose  to  take  out 
all    of    these    internal    resistances, 
brushes  and  all ;  on  the  end  of  the 
hollow    shaft    to    screw    a    hollow 
stud,  fastening  on  it  three  insulated 
collector    rings,    with    their    brush 
rigging;  through  the  hollow  shaft 
lead     the     conductors,     connecting 
them  to  their  respective  rings,  plac- 
ing outside  resistance  connected  in 
star  between  the  brushes  for  start- 
ing  purposes.     What   size    of    sec- 
ondary wires  will  be  required  for  a 
100   hp   motor?     The   hole    in   the 
shaft  is  only  one  inch  in  diameter, 
which  is  not  large  enough  to  con- 
tain cables  of  the  cross-section  of 
the   three   present   internal   connec- 
tions.   What  voltage  and  amperage 
will  the  secondaries  be  subjected  to 
at  starting  and  at  full  speed?     f.p. 
This  is  probably  an  old  type  of  mo- 
tor in  which  the  voltage  across  the  in- 
ternal resistances  was  designed  to  be 
as  small  as  possible,  and  consequently 
with   high   current.     We   would   sug- 
gest that  the  armature  be  reconnected 
internally    from    two-circuit    "Y"    to 
one  circuit  "Y",  and  that  the  shaft  be 
drilled  to  have  a   i^   inch   diameter 
bore  in  order  to  bring  out  leads  of 
sufficient  size  to  carry  the  current.    If 
the  armature  is  reconnected,  the  cur- 
rent in  the  line  would  be  about  140 
amperes  which  would  require  144  000 
circ.  mils.    The  voltage  between  rings 
would  be  236.  We  would  suggest  that 
a   resistance   of   0.97   ohms    for   full- 
load  starting  torque  be  used.       h.g.r. 
649 — Two  Transformers  on  Three- 
Phase,     Three-Wire     vs.      Four 
Wire     Circuit — Would    two    sin- 
gle-phase    standard     transformers 
connected  to  a  joo  volt,  four-wire, 
three-phase    Y    connected    primary 
circuit  as  explained  in  question  453, 
June,  1910,  be  as  satisfactory  in  op- 
eration   as    two    single-phase    units 
connected    to    a    2300    volt,    three- 
phase  delta  primary  with  seconda- 
ries V-connected?    0 — What  would 
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result  if  the  neutral  primary  should 
break  between  transformers  and 
station?  b — If  one  secondary  should 
become  open?  c — If,  with  three 
units,  delta  secondary,  carrying 
lights  and  power,  one  unit  were 
more  heavily  loaded  than  the  other 
two  and  the  neutral  should  break, 
what  would  result?  d — Would 
there  be  dangerous  conditions 
caused  by  any  of  the  above?  e — 
If,  with  three  units,  one  secondary 
became  open-circuited,  what  would 
result  ?  C.A.D. 

Two  single-phase  transformers 
connected  as  in  No.  453,  will  operate 
as  satisfactorily  as  two  transformers 
connected  in  V.  a — If  the  neutral 
between  the  transformers  and  sta- 
tion should  break,  the  three-phase  re- 
lation would  be  destroyed  and  the 
transformers  would  then  operate  in 
series  across  a  single-phase  circuit, 
but  owing  to  the  connection  of  the 
secondary  windings,  the  voltage  be- 
tween the  two  outside  leads  would 
then  become  zero,  while  the  voltage 
between  the  middle  lead  and  either 
outside  lead  would  become  58  percent 
of  its  original  value.  h — If  one 
secondary  should  open,  the  three- 
phase  relation  would  again  be  de- 
stroyed, cutting  one  transformer  out 
of  service ;  the  remaining  transformer 
would  operate  single-phase  at  normal 
voltage.  c — With  three  units  hav- 
ing their  primaries  Y-connected  and 
the  neutral  brought  out,  no  harm 
would  result  if  the  neutral  were 
opened.  d — There  would  be  no 
dangerous  conditions  caused  by  any 
of  the  above,  e — With  three  units 
connected  in  Y-delta,  or  delta-Y,  if 
one  of  the  delta  connections  should 
break,  there  might  be  a  high  stress 
produced  across  the  winding  of  this 
transformer  on  the  Y-connected  side, 
due  to  a  large  reactance  being  thrown 
in  series  with  the  line.  j.f.p. 

650 — Insulation  Test  for  400  Volt 
Alternating- Current  Motor — 
a — What  is  the  best  method  for 
testing  alternating-current  motor 
for  grounds,  and  short-circuits  be- 
tween phases?  &— What  is  the 
standard  test  voltage  for  a  400 
volt  machine?  c— What  should  be 
the  capacity  of  the  testing  appara- 
tus? d — Is  it  necessary  to  connect 
a  spark-gap  in  the  testing  circuit? 

E.F. 


a — The  usual  method  for  testing  al- 
ternating-current motors  for  grounds, 
and  short-circuits  between  phases 
is  to  use  a  step-up  transformer  of 
proper  voltage,  with  a  light  fuse  in 
the  primary  circuit,  so  that  when  a 
fault  exists,  the  fuse  will  blow.  &— 
The  usual  test  for  new  machines  is 
1500  to  2000  volts,  depending  on  the 
size  of  the  machine,  c — The  Ameri- 
can Institute  standard  makes  the  di- 
vision at  10  kw;  the  capacity  of  the 
testing  apparatus  may  be  quite  small 
for  motors  of  the  average  size,  one 
kw  transformer  being  adequate.  d~ 
For  these  'ower  voltages  a  spark-gap 
is  usually  not  required.  It  is  not  cus- 
tomary to  test  machines  which  have 
been  in  service  at  as  high  a  voltage 
as  those  which  are  tested  in  the  fac- 
tory, for  the  reason  that  there  is  al- 
most invariably  an  accumulation  of 
dirt  on  the  insulating  surfaces,  such 
as  to  weaken  the  insulation  when  a 
direct  break-down  test  is  applie.  If 
the  motors  will  stand  a  test  of  twice 
normal  voltage  after  being  in  ser- 
vice for  some  time,  this  should  in- 
sure that  the  insulation  is  adequate 
for  average  work.  Unnecessary 
breakdowns  may  be  caused  by  test- 
ing at  high  voltages  unless  every  pos- 
sible precaution  is  taken  to  clean  the 
windings  thoroughly  before  such 
tests  are  made.  c.e.s. 

651 — High  Center  of  Gravity  of 
Electric  Locomotives  —  In  sev- 
eral published  descriptions  of  the 
Pennsylvania  type  of  electric  loco- 
motive, it  is  stated  that  the  center 
of  gravity  is  high.  The  sense  in 
which  the  statement  is  made  leads 
to  the  assumption  that  high  center 
of  gravity  is  desirable.  Is  this 
true?  T.R.R. 

High  center  of  gravity  is  desirable 
in  high  speed  locomotives,  on  account 
of_  the  superior  riding  qualities  ob- 
tained, less  pounding  effect  on  the 
rails,  etc.  For  complete  discussion  of 
this  subject  see  paper  given  at  meet- 
ing of  A.  I.  E.  E.,  at  Jefferson.  N.  H., 
June  28th  to  Julv  ist,  iQio,  by  Messrs. 
X.  W.  Storer  and  G.  M.  Eaton.  Also 
"Mechanical  Features  of  Electric  Lo- 
comotives" by  Mr.  G.  M.  Eaton  in  the 
Journal  for  "October,  1910,  p.  782.    g.b. 

652— Air       Compressor       Drives — 

What  kind  of  direct-current  motors 
should  be  used  for  driving  air  com- 
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pressors?    Should  they  be  shunt  or 
compound  wound?     And  for  alter- 
nating current;   should. they  be  of 
the  squirrel-cage  or  slip-ring  type? 
Are    air    compressors    or    ice    ma- 
chines successfully  started  in  prac- 
tice     with      squirrel-cage      motors 
either  against  the  working  pressure 
or      by      relieving      the      pressure 
through  an  unloading  valve?    m.o.s. 
Choice   of   motors   for   driving   air 
compressors  depends  upon  the  meth- 
od of  operating  the  compressors.     If 
the  compressor  is  stopped  and  started 
frequently,    depending    upon    the    de- 
mand for  air,  then  it  is  advisable  to 
use  a  compound-wound  motor  so  as 
to    reduce    the    starting    current.      If 
the    compressor    is    started    at    infre- 
quent intervals  and  the  governingf  is 
arranged  for  by  operating  the  valves, 
then  a  shunt  wound  motor  is  prefer- 
able as  the  change  in  speed  between 
light  load  and  full  load  which  occurs 
when  the  inlet  valves  are  lifted  will 
not  be  appreciable.  The  first  arrange- 
ment  is  generally  adopted   for   small 
compressors  driven  by  motors  up  to 
15  and  20  hp,  and  the  latter  arrange- 
ment for  larger  compressors.     There 
is  no  particular  advantage  in  having 
a  compound-wound  motor  when  the 
air   delivered   is   regulated  by  lifting 
the  inlet  valve,  because  the  motor  can 
always  be  started  light.    Alternating- 
current   motors   of   the   squirrel-cage 
type  are  used  for  small  compressors 
up   to   ten   hp,   which   are   frequently 
started  and   stopped.     They  are  also 
used  for  larger  sizes  when  the  com- 
pressor starts  light.    Slip  ring  motors 
are  used  where  frequent  starting  and 
stopping  is  required  for  compressors 
over  about  ten  hp.    See  No.  466,  July, 
191 1.  w 

653 — Shaft  Revolving  in  Hollow 
Electro-Magnet — Would  a  solid 
shaft  revolving  inside  a  hollow 
direct-current  electro-magnet  get 
hot?  Assume  the  shaft  not  in 
metallic   contact   with   the   magnet. 

w.  J.  p. 
It  is  almost  impossible  to  tell  with 
certainty  whether  the  shaft  would 
heat  or  not  unless  more  explicit 
data  is  given.  An  apparently  simple 
problem  like  this  may  become  very 
much  complicated  by  extraneous  con- 
ditions. It  may  be  stated,  however, 
that  a  plain  metallic  shaft  without 
brushes  or  revolvirg  arms,  etc.,  can- 


not become  heated  by  rotation  in  the 
axis  of  an  electro-magnet,  provided 
the  flux  paths  surrounding  all  parts 
of  the  shaft  are  symmetrically  and 
equally  placed  with  regard  to  the 
shaft.  0.   s.   J. 

654 — Totalizing     Power     of     Four 
Circuits  on  Single  Wattmeter — 
Four       13  000      volt,      three-phase 
cables     have     the     secondaries     of 
their  series  transformers  connected 
in    parallel   to    a    set   of    totalizing 
bus-bars.     A  watt-hour  meter,  hav- 
ing its  series  coils  connected  across 
the    bus-bars,    measures    the    total 
current     from    the     four    sets    of 
transformers.       Will     this     meter 
give  a  true  indication  of  the  total 
power  on  all  four  cables  when  the 
load    is    unequally    divided    among 
them,  and  when  they  all  have  dif- 
ferent power-factors?       f.   h.  c. 
Except    for    negligible    errors    due 
to    slight    differences   in    transformer 
ratios,    the   correct   power   would   be 
indicated    on    the    watt-meter.      Con- 
sider two   main   bus-bars :   also   four 
circuits  as  indicated  in  Fig.  654  (a) 


Fig.   &t-,\    (a) 

corresponding  to  the  four  cables  de- 
scribed above.  Also  consider  that 
the  four  current  transformers,  one 
in  each  circuit,  have  their  seconda- 
ries connected  in  parallel  so  as  to  sup- 
ply the  resultant  current  to  the  watt- 
meter at  A'  This  is  equivalent  to 
the  condition  described  and  is  ob- 
viously equivalent  to  the  second  con- 
nection for  the  wattmeter  at  B  in 
which  a  large  current  transformer 
on  the  main  bus-bar  is  used  for  feed- 
ing the  current  coil  of  watt-meter  B 
instead  of  the  four  separate  current 
transformers,   one  on   each   feeder. 

K.    C.    R. 

CORRECTION 

In  the  Editorial  by  Mr.  N.  W. 
Storer  in  the  October  issue,  page  821, 
eighth  line,  the  weight  of  locomotive 
should  be  130  tons  instead  of  30  tons 
as  given. 
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The   use   of    136  two  horse-power  motors   costing 
Individual      $8  700,   individually  driving  the  machines   on   one 
Motors  vs.     floor  of   a   factory,   instead  of  a  single   50  horse- 
Shafting       power  motor,  costing  $450,  seems,  at  first  sight,  too 
and  Belts      absurd  to  merit  second  thought.     Nevertheless,  Mr. 
Popcke,  in  his  article  in  the  Journal  for  Novem- 
ber, compared  individual  drive  and  group  drive  in  a  factory  where 
he  has  made  a  thorough    investigation  of  the  operating  conditions, 
and  finds  that  the  first  cost  of  the  main  shaft,  counter-shafts,  belts 
and  pulleys,  which  are  necessary  for  transmitting  the  power  from 
a  large  motor  to  the  machines  is  $8  270,  making  the  cost  of  the 
single  motor  with  its  necessary  auxiliaries  within  one  percent  of 
the  cost  of    136  small  motors.     There  is,  however,   an   additional 
allowance  for  installing  the  small  motors,  which  brings  the  total 
somewhat  above  that  for  the  single  motor  equipment.    On  the  other 
hand,  the  friction  losses  in  the  shaft  and  belt  transmission  are  so 
large  that  the  total  power  required  by  the  single  motor  costs  nearly 
$1  800  per  year  more  than  the  power  required  by  the  snail  motors. 
As  this  is  more  than  enough  to  cover  the  excess  in  the  first  cost  of 
the  motor  equipment  for  individual  drive  it  would  show  a  hand- 
some saving  after  the  first  year.     Hence,  on  a  purely  cost  basis  the 
individual  drive  is  attractive  in  this  case  without  considering  the 
positive  advantages  of  individual  drive  in  factory  operation,  which 
are  apt  to  far  outweigh  the  cost  of  power  equipment. 

Another  point  which- impressed  me  on  reading  Mr.  Popcke's 
article  is  the  difference  between  the  old  and  the  new  methods  of 
handling  power.  Consider  what  is  involved  in  getting  the  power 
from  the  engine  to  the  machines  it  drives  by  means  of  belts  and 
jack-shafts  on  each  floor.  For  clearness  of  comparison  some 
definite  values  will  be  assumed .  If  they  do  not  commend  them- 
selves to  the  reader,  he  may  insert  his  own  values  and  modify  the 
conclusions  accordingly. 

Let  the  cost  of  a  300  horse-power  engine  be  $20  per  horse- 
power, or  $6  000,  and  the  cost  of  the  belts  and  pulleys  and  shafting 
required  to  deliver  the  power  to  the  several  floors  be  equal  to  the 
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cost  of  the  belts  and  pulleys  and  shafting  found  necessary  for  dis- 
tributing the  power  on  the  fourth  floor,  which  was  a  little  over 
$8000.  Obviously,  if  $8000  worth  of  equipment  is  necessary  for 
getting  the  power  from  the  engine  to  the  several  floors  and,  say, 
$6  000  more  is  necessary  for  distributing  the  power  to  the  machines 
on  each  of  six  floors,  the  total  investment  in  belts  and  pulleys  and 
shafts  is  $44  000.  Again,  the  test  shows  a  loss  in  transmission  from 
the  engine  to  the  several  floors  of  32  horse-power  at  no-load  and 
75  horse-power  at  full-load,  costing  at  1.5  cents  per  horse-power- 
hour,  from  $1  300  to  $3  lOO  per  year.  The  friction  losses  on  the 
several  floors  aggregates  116  horse-power  at  no-load.  Hence  the 
friction  losses  at  average  load  are  not  far  from  200  horse-power, 
which  is  two-thirds  of  the  engine  rating  and  at  1.5  cents  per  horse- 
power-hour amounts  to  $8  400  per  year.  The  mechanical  transmis- 
sion in  this  particular  case  costs  seven  times  as  much  as  the  engine 
alone,  and  the  power  lost  is  at  least  two-thirds  of  that  produced 
and  costs  each  year  more  than  the  first  cost  of  the  engine. 

One  is  not  apt  to  realize  how  inadequate  are  the  mechanical 
methods  of  power  transmission  still  found  in  mills  and  factories 
until  a  careful  quantitative  analysis  of  the  conditions  is  made. 
Then  one  can  see  why  it  is  cheaper  to  use  hundreds  of  little  motors 
instead  of  a  few  large  motors  or  a  big  engine,  simply  on  a  basis  of 
the  cost  of  supplying  each  machine  with  the  power  it  needs. 

There  is  danger  in  dwelling  too  minutely  on  power  costs  that 
much  more  important  matters  may  be  overlooked.  In  the  factory 
in  which  the  foregoing  data  were  obtained  it  was  found  that  the 
motors  gave  an  increased  speed  which  increased  the  output  five  or 
six  percent  where  the  speed  had  formerly  been  low  on  account  of 
belt  slippage  in  the  parts  of  the  factory  most  remote  from  the 
engine.  Gain  in  output  and  quality,  the  independence  of  individually 
driven  machines,  the  freedom  in  factory  design  where  there  is  no 
shafting,  the  ease  of  extension  and  changes,  the  better  light  and  air 
where  there  are  no  belts,  all  these  things  render  the  actual  cost  of 
power — which  is  usually  only  a  few  percent  of  the  total  cost  of 
production — of  small  consequence  compared  with  the  quality  of  the 
power.  It  is  this  feature  which  has  led  many  old  and  established 
factories  to  discard  their  engines — even  where  much  steam  is  used 
for  heating  so  that  the  fuel  required  for  the  engines  is  relatively 
small — and  to  drive  their  machinery  by  motors  and  central  station 
power.     Is   it  really  better?     They  have  investigated,   they  have 
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tried  a  few  motors,  they  have  installed  more,  they  have  shut  down 
their  engines.  That  is  the  best  answer  to  the  question  whether  or 
not  motor  drive  pays.  Chas.  F.  Scott 


The   switchboard   instrument   designers   have   per- 
Switchboard    fected   their  product  to  perhaps   a  higher  degree 
Indicating:      than  have  the  designers  of  any  other  switchboard 

Meters  apparatus.  To  benefit  by  excellence,  the  selection 
of  instruments  for  a  particular  case  must  be  made 
with  an  intelligent  appreciation  of  the  characteristics  of  good  meters 
and  of  the  latest  improvements  in  meters.  A  number  of  complete 
lines  of  instruments,  representing  a  wide  range  of  characteristics, 
is  now  available.  The  information  contained  in  the  article  by  Mr. 
Paul  MacGahan  on  "Moderen  Tendencies  in  the  Design  of  Switch- 
board Indicating  Meters"  in  this  issue  of  the  Journal,  will  be  of 
very  material  assistance  in  solving  this  problem  of  selection  of 
apparatus. 

A  very  noticeable  improvement  in  the  modern  first-class  meter, 
especially  from  the  operator's  viewpoint,  is  the  absence  of  un- 
necessarily large  lettering  and  intricate  scroll  work  whose  orna- 
mental features  are  questionable,  and  large  trade  marks  whose 
presence  served  only  to  distract  attention  from  the  scale  and  pointer. 
Another  improvement,  which  was  much  needed,  is  the  use  of  heavy 
black  lines  and  large,  clear-cut  figures  for  the  dials. 

All  of  the  more  prominent  electric  powei  companies  and  many 
of  the  stations  of  moderate  size  now  have  meter  departments  in 
charge  of  skilled  managers,  fully  equipped  for  calibrating  and  re- 
pairing all  instruments  in  use  on  the  system.  They  can  determine 
for  themselves,  by  competitive  tests,  which  meters  best  suit  their 
conditions.  This  fact  has  been  of  considerable  assistance  to  meter 
designers,  and  has  resulted  in  a  development  not  possible  from 
purely  laboratory  tests.  The  old  school  of  design  depended  upon 
laboratory  research,  without  giving  sufficient  attention  to  actual 
service  conditions.  Evidently  a  commercial  meter  produced  in  this 
way  would  be  at  a  disadvantage  as  compared  with  one  produced  in 
line  with  actual  experience  in  heavy  service. 

It  is  interesting  to  note  the  activity  which  has  been  shown  by 
the  Bureau  of  Standards  in  the  systematic  development  of  elaborate 
equipment  and  facilities   for  the  calibration  of  various   types   of 
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meters.  The  Bureau  has  issued  a  considerable  number  of  valuabh 
publications  pertaining  to  this  and  allied  subjects.  A  recent  pamph- 
let, "Reprint  No.  163",  gives  reliable  and  interesting  data  regarding 
comparisons  of  many  types  of  American  direct-current  switchboard 
voltmeters  and  ammeters.  C.  H.  Sanderson 


The  article  in  this  issue  by  Messrs.  Dwight  and 
Investigation  Baker  should  prove  of  great  interest  to  the  operat- 
of  Double  ing  man,  since  it  describes  in  detail  and  analyzes 
Voltages  lucidly  a  phenomenon  which  he  is  liable  to  en- 
counter at  any  time.  The  extreme  difficulty  of 
dealing  with  the  electrical  properties  of  circuits  containing  iron  is 
well  known.  At  any  given  instant  the  inductance  of  such  a  circuit 
is  a  function  of  the  current  flowing  at  that  instant  and,  therefore, 
the  ordinary  equation  of  the  inductive  circuit  does  not  hold. 
Messrs.  Dwight  and  Baker  have  shown  that  it  is  possible  to  obtain 
an  approximate  graphic  solution  for  the  final  or  steady  conditions  in 
a  circuit  consisting  of  capacity  in  series  with  a  variable  inductance. 
In  carrying  out  the  calculations  the  equivalent  sine  waves  of  e.m.f. 
and  current  are  used  and  the  results  agree  fairly  well  with  the  test 
values.  As  an  actual  fact  the  wave  forms  are  considerably  dis- 
torted, especially  when  the  iron  approaches  saturation.  This  is 
particularly  true  during  the  initial  period  of  starting,  before  stable 
conditions  are  reached.  At  each  point  of  this  period,  conditions  are 
such  that  the  sum  of  the  counter-e.m.f.'s  is  equal  to  the  impressed 
e.m.f.  For  any  induction  in  the  iron  a  solution  can  be  obtained  for 
this  condition.  Added  to  this  solution  will  be  the  solution  for  the 
current  values  in  such  a  circuit  when  the  impressed  e.m.f.  is  con- 
sidered equal  to  zero.  This  latter  condition  is  similar  to  that  arising 
when  a  string,  which  has  been  stretched  between  two  supports,  is 
caused  to  vibrate.  The  initial  amplitude  of  the  vibration  is  de- 
pendent on  the  force  applied.  After  the  application  of  the  force, 
the  string  still  vibrates,  yet  the  sum  of  the  forces  internal  involved 
is  equal  to  zero ;  that  is,  there  is  now  no  externally  applied  force. 
If  an  intermittent  force  is  applied  to  such  a  string  the  resultant 
vibration  at  any  instant  will  be  equal  to  the  combined  effects  of  the 
applied  force  and  the  inherent  forces  due  to  the  previous  applica' 
tions.  The  initial  impulse  in  the  electric  circuit  is  that  due  to  the 
initial  application  of  an  e.m.f.  Different  results  will  occur  if  this 
application  tak^s  place  at  different  points  of  the  e.m.f,  wave,    The 
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oscillations  set  up  by  the  initial  impulse  will  be  superimposed  on 
the  wave  of  normal  frequency  produced  by  the  steady  application 
of  the  e.m.f.,  but  will  die  out  as  time  passes  until  a  steady  value  is 
reached.  These  values  are,  of  course,  modified  by  the  fact  that  a 
change  in  induction  of  the  transformers  also  changes  the  inductance 
of  the  circuit  and  thus  changes  the  natural  frequency  of  the  oscilla- 
tions. For  any  given  eft'ective  value  of  the  exciting  current  there 
may  be  an  infinite  number  of  solutions  which  will  satisfy  these  con- 
ditions, each  solution,  of  course,  giving  a  different  wave  form  for 
the  exciting  current.  For  example,  there  may  be  harmonics  in 
the  wave  form  of  the  exciting  current  which  have  the  effect  of 
making  its  maximum  value  higher  than  that  of  the  equivalent  sine 
wave,  and  yet  the  effective  value  of  the  counter-e.m.f.  in  the  trans- 
former for  this  value  of  the  exciting  current  may  be  less  than  that 
of  the  equivalent  sine  wave.  These  harmonics  in  the  current  wave 
may  cause  the  e.m.f.  across  the  condenser  to  be  peaked  in  such  a 
way  that  the  harmonics  in  this  e.m.f.  wave  will  be  equal  and  op- 
posite to  those  in  the  transformer  e.m.f.  wave,  thus  giving  a  re- 
sultant counter-e.m.f.  of  simple  sine  wave  form. 

It  is  to  be  regretted  that  an  oscillograph  was  not  used  in  carrying 
out  these  tests,  so  that  a  better  physical  idea  could  be  formed  of  the 
transient  phenomena  taking  place  in  such  circuits.  For  instance,  it 
would  have  been  very  instructive  and  of  great  interest  to  have  had 
a  record  of  -what  passes  on  in  the  circuit  during  the  interval  in 
which  tlie  current  changes  from  an  initial  value  just  above  that 
which  occurs  in  the  unstable  position  denoted  on  the  curve  of 
counter-e.m.f.'s  to  the  steady  value  corresponding  to  the  larger 
current  value,  after  the  transient  oscillations  h^ve  died  out.  During 
this  period  the  inductance  of  the  circuit  passes  from  a  value  in 
whicn  the  inductive  reactance  is  greater  than  the  capacity  reactance 
to  one  in  which  the  inductive  reactance  is  less  than  the  capacity 
reactance.  The  inductance  at  a  certain  point  and  interval  has, 
therefore,  a  value  which  in  a  magnetic  circuit  containing  no  iron 
would  produce  resonance. 

It  is  to  be  hoped  that  the  practical  instructions  given  in  the 
article  for  obtaining  this  phenomenon  without  endangering  appara- 
tus will  stimulate  others  to  make  further  investigation  of  this  inter- 
esting subject  by  means    of  the  oscillograph.  C.  Fortescue 
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The  present  issue  completes  the  eighth  volume 
Eight  Years    and  the  most  successful  year  in  the  history  of  the 

of  the  Journal.    With  the  gradual  broadening  of  the  edi- 

Journal  torial  policy  has  come  a  corresponding  increase  in 
the  number  of  readers,  and  in  the  variety  of  interests 
represented  by  them.  It  has  been  the  aim  to  retain  the  original 
method  of  treatment — of  expressing  technical  facts  in  concise  and 
simple  form — while  discussing  the  large  variety  of  topics  which 
may  properly  be  included  under  such  headings  as, — the  application 
and  operation  of  electrical  apparatus,  prime  movers,  the  central 
station,  power  generation  and  distribution  and  allied  subjects. 

Editorial  ideals  are  necessarily  unattainable — one  must  select 
from  the  material  obtainable  at  the  time,  for  each  issue,  and  thus 
the  actual  magazine  as  published  usually  represents  only  a  partial 
realization  of  the  original  conception  of  the  most  suitable  material 
for  presentation.  It  is  well  at  the  end  of  the  year  for  subscribers, 
as  well  as  editors,  to  glance  back  through  the  record  for  the  past 
twelve  months  and  see  in  how  far  the  results  secured  are  satis- 
factory; to  determine  just  where  improvements  can  be  made,  what 
parts  of  the  field  should  be  given  more  attention,  and  whether  the 
general  method  of  presentation  is  all  that  is  to  be  desired.  Readers 
of  the  Journal  can  do  much  towards  making  it  what  they  wish,  by 
suggesting  ideas  which  they  think  can  to  advantage  be  incorporated 
in  the  magazine. 

The  present  volume  is  the  largest  yet  issued,  containing  i  148 
pages,  an  increase  of  150  pages  over  1910.  The  volumes  for 
the  eight  years  form  a  reference  library  of  6  500  pages.  The  extent 
to  which  these  books  are  used  may  be  judged  by  the  fact  that  8  800 
volumes,  representing  over  100  000  single  copies,  have  been  sup- 
plied by  the  Journal  direct.  There  is  no  means  of  knowing  how 
many  additional  copies  are  being  preserved  by  those  who  have  their 
volumes  bound  independently. 

In  the  Question  Box  Department  689  inquiries  have  been  an- 
swered to  date,  covering  a  great  variety  of  engineering  topics. 
Many  subscribers  have  suggested  that  they  would  like  to  have  this 
material  available  in  book  form  for  ready  reference.  This  is  one 
of  the  problems  which  the  readers  of  the  Journal  can  assist  in 
solving.  If  there  is  a  sufficient  demand  for  them  the  questions  and 
answers  will  be  classified  in  accordance  with  the  topical  method 
of  indexing  and  published  in  book  form.  It  is  the  desire  of  the 
editors  that  Journal  readers  express  themselves  freely  in  all  mat- 
ters looking  towards  the  improvement  of  the  magazine. 


POWER  REQUIREMENTS  OF  A  STEEL  TUBE  MILL 

A.  G.  AHRENS 

IN  the  last  few  years  remarkable  progress  has  been  made  in  the 
application  of  electric  power  to  rolling  mills,  including  both 
the  main  and  auxiliary  drives.  There  are  now  installed  over 
175  000  horse-power  in  large  motors  driving  the  main  rolls,  and 
over  600  000  horse-power  in  smaller  motors  on  tables,  shears,  etc. 
This  progress  has  been  general,  and  electric  drive  is  now  being  con- 
sidered for  practically  every  type  of  mill.  Among  these,  tube  or 
pipe  mills  occupy  a  prominent  place.  In  the  tube  mills,  especially 
those  using  the  welding  process,  progress  has  been  very  rapid  and 
there  are  several  mills  of  this  kind  entirely  motor  driven,  steam 
finding  a  place  only  in  the  generating  station. 

One  of  the  first  tube  mills  to  adopt  electric  drive  was  that  of 
the  Spang-Chalfant  &  Company,  of  Etna,  Pa.  At  rhis  plant  small 
tubes  are  made  by  the  "butt  welding"'  and  large  tubes  by  the  '"lap 
welding"  process.  Unless  otherwise  stated,  the  descriptions  and 
illustrations  here  given  cover  the  making  of  18  inch  pipe  by  the 
lap  welding  process,  and  three-quarters  inch  pipe  by  the  butt  weld- 
ing process. 

The  stock  from  which  the  pipes  are  made  consists  of  rolled 
steel  plates  of  suitable  length  and  width,  called  "skelp."  The 
travel  of  the  material,  through  the  different  processes,  from  the 
skelp  to  the  finished  pipe,  cut  oft'  to  exact  length  and  threaded,  is 
shown  diagramatically  in  Fig.  i. 

The  service  requirements  of  motors  for  this  kind  of  work 
are  exceptionally  severe.  ]\Iany  of  the  motors  must  operate  in 
close  proximity  to  the  furnaces,  and  hence  are  subjected  to  high 
temperatures.  The  passage  of  the  metal  through  the  rolls  must  be 
continuous,  as,  if  a  pipe  gets  stuck,  a  considerable  delay  may  re- 
sult. For  this  reason  no  circuit  breakers  or  fuses  are  provided, 
and  motors  are  chosen  of  rugged  mechanical  structure  and  large 
torque,  and  are  expecteed  to  continue  in  operation  in  spite  of  ad- 
verse circumstances.  The  heating  effect  of  the  load  in  most  cases 
need  not  be  considered,  as  it  is  very  intermittent  in  character  and 
as  the  mills  usually  are  rolling  pipe  of  a  smaller  size  than  the 
maximum  for  which  the  motors  are  selected.  On  the  other  hand, 
the  possible  high  initial  temperature  of  the  motors  must  be  consid- 
ered in  determining  the  allowable  temperature  rise. 
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On  account  of  the  severe  operating  conditions,  excessive  heat 
and  large  amount  of  dust  and  dirt,  induction  motors  with  squirrel 
cage  secondaries  are  used  ahnost  exclusively.  Practically  all  of 
the  motors  drive  through  large  gear  reductions,  and  in  the  ma- 
jority of  cases  they  run  continuously  in  one  direction,  the  opera- 
tion and  reversing  of  the  rolls  being  accomplished  by  means  of 
clutches.  Although  the  load  is  of  a  very  intermittent  character 
in  most  instances,  the  peaks  are  nearly  always  of  too  great  dura- 
tion to  allow  the  satisfactory  use  of  flywheels. 

The  charging  buggy,  shown  in  Fig.  2,  illustrates  an  applica- 
tion of  a  non-reversing  motor  to  a  drive  which  must  be  reversed 
from  100  to  150  times  an  hour.  The  frequent  reversing  of  large 
motors  is,  of  course,  objectionable  both  on  account  of  the  strains 
on  the  motor  and  on  account  of  the  heavy  rushes  of  current  in  the 
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FIG.    I — DIAGRAM    OF   TYPICAL    LAP    WELD   TUBE    MILL 

The   skelp   is   placed   on   the   charging   table   by   a   crane,   and   passes 
through  the  various  processes  in  the  direction  indicated  by  the  arrows. 

transmission  system.  In  the  Spang-Chalfant  plant  this  motor  is 
of  the  mill  type  construction,  with  a  squirrel  cage  rotor,  and  runs 
continuously  in  one  direction.  It  has  a  double  shaft  extension, 
each  end  being  connected  through  an  induction  clutch  and  a  set 
of  gears  to  the  drum  which  drives  the  cables.  Thus  for  opera- 
tion of  the  buggy  in  the  forward  direction  one  clutch  is  energized, 
while  for  reversing,  the  second  clutch  is  used.  On  account  of 
the  use  of  induction  clutches,  with  the  motor  in  continuous  opera- 
tion, the  load  is  picked  up  very  gradually  without  excessive  peaks. 
The  motor  on  the  scarfing  rolls,  Fig.  3,  also  operates  continu- 
ously in  one  direction,  there  being  no  occasion  for  reversing  the 
rolls.  During  the  time  between  passes  which,  as  shown  by  the 
curves.  Fig.  4,  averages  about  four  and  one-half  minutes,  the 
motor  operates  under  a  friction  load  of  about  50  percent  of  full 
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load.  The  load  period,  while  a  plate  is  passing  through  the  rolls, 
lasts  about  ten  seconds.  The  power  required  varies  with  each 
piece,  depending  on  how  near  to  exact  width  the  skelp  is.  The 
power  also  varies  with  the  size  of  the  skelp,  the  curve  in  Fig.  4  be- 
ing taken  while  skelp  for  18  inch  pipe  was  being  scarfed,  the  ca- 
pacity of  the  mill  being  24  inch  pipe.  Although  the  load  on  this 
motor  is  very  intermittent  and  the  peak  load  occurs  for  only  four 
percent  of  the  total  time,  a  flywheel  cannot  be  used  to  advantage 
as  the  time  required  for  the  skelp  to  pass  through  the  rolls  is  too 


FJC.    J — _'o     HP,    875    R.P.M.    MOTOR   DRIVING   CHARGING   BUGGY    OF    BENDING   ROLL 
FURNACE 

The  charging  buggy  consists  of  a  steel  frame  work  (shown  in  fore- 
ground), mounted  on  wheels  and  attached  to  an  endless  wire  cable.  A 
straight  bar  is  fastened  by  one  end  in  the  holder,  and  the  other  end  rests 
on  the  table,  and  pushes  the  skelp  into  the  furnace.  A  second  motor, 
not  shown  in  the  illustration,  is  used  to  move  the  buggy  back  and  forth 
before  the   furnace,  in  order  to  charge  the  entire   bed  of  the   furnace. 

long.  The  motor  must  therefore  be  depended  upon  to  pull  the 
piece  through  the  rolls  under  all  conditions.  Reference  to  Fig.  3 
shows  that  this  motor  must  operate  in  very  close  proximity  to  the 
furnace,  and  to  the  heated  skelp. 

It  is  possible,  especially  for  pipes  of  small  or  medium  size,  to 
scarf  the  skelp  in  special  motor-operated  scarfing  shears,  although 
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this  method  is  not  common.     In  this  case  also  the  load  is  very  in- 
termittent in  character,  the  power  load  occupying  about  45  percent 


FIG.    3 — 50   HORSEPOWER    5/5    R.P.M.    MOTOR    DRIVING    SCARFING   ROLLS 

The  motor  is  geared  to  the  rolls  through  a  flexible  coupling,  the 
whole  being  mounted  on  a  common  bed  plate  which  runs  on  rails  so 
that  the  rolls  can  be  located  in  any  desired  position  before  the  furnace 
doors. 

of  the  total  time  of  opera. ion.  The  actual  amount  of  power  at 
the  peaks  depends  entirely  on  the  amount  of  metal  removed,  and 
is  independent  of  the  size  of  pipe  being  made. 
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FIG.   4 — GRAPHIC    METER  RECORD  OF   MOTOR  DRIVING  SCARFING  ROLLS 

Speed  of  rolling  i8o  ft.  per  minute.  It  should  be  noted  in  connec- 
tion with  this  and  the  succeeding  graphic  meter  charts  that  their  purpose 
is  to  show  the  nature  of  the  load  rather  than  actual  values,  which  in 
almost  every  case  vary  over  a  wide  range.  In  no  case  is  the  rmaterial 
manipulated  equal  in  size  to  the  rated  capacity  of  the  apparatus.  All 
charts  are  read  from  right  to  left. 

After  leaving  the  scarfing  rolls,  the  skelp  is  carried  forward 
on  the  transfer  rolls,  shown  in  the  left  foreground,  Fig.  3,  to  the 
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draw  bench.  Here  it  is  attached  to  an  endless  chain  by 
means  of  mechanical  tongs  or  jaws  and  is  pulled  through  the 
bender  on  the  draw  bench,  where  it  is  formed  in  a  die  around  a 
mandrel  into  circular  shape,  with  the  edges  overlapping  but  not 
closed.  The  motor  and  the  chain  operate  continuously,  the  fric- 
tion load  being  equal  to  about  15  percent  of  full  load.  About 
eight  seconds  are  required  for  the  bending  operation.  The  pipe 
is  then  rolled  down  an  incline  to  the  transfer  buggy  in  front  of 
the  welding  furnace. 

The    transfer    buggy    is  a  motor    operated    truck,    carrying  a 
trough  to  receive  the  pipes  from  the  draw  bench,  and     hold  them 
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FIG.    5 — 7.5    HP,  850  R.P.M.    MOTORS   DRIVING   WELDING  FURNACE   PUSHER 

while  the  truck  is  moved  back  and  forth  in  front  of  the  welding 
furnace,  under  the  welding  furnace  pushers.  It  ts  driven  by  a 
five  horse-power  direct-current  mill  type  motor,  which  is  equipped 
with  a  solenoid  operated  stop  brake  in  series  with  the  motor.  The 
buggy  is  in  continual  operation,  it  being  estimated  that  the  brake 
is  set  over  one  thousand  times  per  hour. 

The  pushers  feeding  the  pipe  into  the  welding  furnace  present 
an  application  essentially  similar  to  the  charging  buggy  in  that  in- 
duction clutches  are  used  to  allow  a  non-reversing  motor  to  be 
used  for  service  which  requires  frequent  reversing.     The  applica- 
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tion  has  been  worked  out  to  greater  detail,  however,  as  shown  in 
Fig.  5.  The  pusher  consists  of  three  endless  cables,  revolving  on 
drums.  From  each  cable  is  suspended  a  frame  work,  having  a 
holder,  in  which  one  end  of  a  steel  bar  is  placed,  the  other  end 
engaging  the  pipe  while  it  is  still  in  the  transfer  buggy.  The 
drums  which  drive  the  cables  are  mounted  on  a  shaft  which  is 
in  turn  geared  to  two  shafts  revolving  in  opposite  directions,  each 
driven  by  a  motor.  By  means  of  the  clutches  any  drum  can  be 
driven  in  any  direction,  only  one  drum  being  oi)erated  at  a  time. 


FIG.    6 — LAP   WELD   FURNACE BENT    PLATE   READY   TO   CHARGE 

Showing  the  method  of  charging  the  furnace  at  the  McKeesport  works 
of  the  National  Tube  Company.  As  may  be  noted,  the  pusher  is  mounted  di- 
rectly on  the  charging  buggy  and  is  operated  by  a  motor-driven  drum  and 
cable. 


The  pipe  which  is  still  at  a  red  heat  from  the  bending  opera- 
tion, is  brought  to  a  welding  temperature  in  a  furnace  of  the 
Siemens  regenerative  type.  It  is  then  pushed  from  the  furnace  in 
a  suitable  position  to  enter  the  welding  rolls,  being  directed  by 
troughs  in  the  floor  of  the  furnace. 

A  view  of  the  welding  rolls  from  the  end  opposite  the  fur- 
nace, is  shown  in  Fig.  7.  A  300  horse-power,  450  r.p.m.  motor 
is  geared  to  the  rolls,  with  a  large  flywheel  connected  to  the  main 
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gear,  as  shown  in  Fig.  8.  By  mounting  the  flywheel  in  this  man- 
ner, it  operates  at  a  much  higher  speed  than  if  connected  directly 
to  the  rolls  and  a  much  smaller  wheel  can  be  used  to  produce  the 
same  flywheel  effect.  The  distance  between  the  bending  and  weld- 
ing furnaces  is  very  small  in  this  plant,  making  it  impossible  to 
mount  the  flywheel  between  the  gears  and  the  motor. 

The  pipe  is  in  the  rolls  about  three  •  seconds  during  which 
time  the  load  on  the  motor  is  increased,  as  shown  in  Fig.  9,  to 
six  times  the  friction  load.     At  the  time  the  curve  was  taken  about 


FIG.    7 — 300   HP.   450  K.P.  M.     Mdli.k    liKIVING    WELDING  ROLLS 

The  pipes  are  so  placed  in  the  furnace  that  when  they  emerge  and 
pass  into  the  rolls  the  lap  is  on  top.  A  cast-iron  ball  or  header,  of  the 
same  diameter  as  the  inside  of  the  pipe,  is  attached  to  the  end  of  a  steel 
bar,  several  feet  longer  than  the  pipe,  and  is  placed  centrally  between  the 
rolls.  This  ball  forms  a  mandrel  to  secure  the  correct  inside  diameter 
of  the  pipe  during  the  welding,  and  serves  to  reduce  the  thickness  of 
the  metal  at  the  weld  to  the  same  as  the  rest  of  the  pipe. 

18  pipes  were  being  welded  per  hour  or  one  in  three  and  one-half 
minutes.  The  peak  load  is  on  the  motor  about  1/70  of  the  cycle. 
It  will  be  seen  therefore,  that  this  duty  is  of  the  most  intermittent 
kind,  and  that  the  motor  must  be  selected  for  its  ability  to  stand 
the  momentary  overload  rather  than   for  its  continuous  capacity. 
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From  the  standpoint  of  production  also,  the  momentary  overload 
capacity  of  the  motor  is  given  important  consideration.  If  a  pipe 
sticks  and  becomes  cold,  valuable  time  is  lost  in  releasing  it  from 
the  mill  and  this  must  be  avoided  if  at  all  possible.     There  are 

no  protective  devices  in  the  cir- 
cuits, and  a  motor  is  installed  large 
enough  to  pull  the  pipe  through 
under  practically  any  conditions. 
This  fact  accounts  for  the  com- 
paratively low  average  load  shown 
by  some  of  the  curves.  It  should 
be  noted  also  that  the  welding 
roll  motor,  as  wxll  as  several  others, 
is  situated  very  near  the  furnace, 
which  makes  it  necessary  to  give 
the  capacity  of  the  motor  special 
consideration ;  the  temperature  of 
the  surrouTiding  air  being  over  lOO 
degrees  F.  even  in  winter. 

The  bar  puller,  shown  in  Fig. 
lo,  consists  of  small  revolving 
rolls,  which  grip  the  bar  and  pull  it  one  way  or  the  other,  the  re- 
versing being  done  by  a  mechanical  clutch.  The  load  produced 
is  very  irregular,  as  shown  by  the  curve  in  Fig.   ii.     The  peaks 


FIG.     8 — PLAN     OF     MOTOR     AND 
FLYWHEEL  ON   WELDING  ROLLS 

Speed  of  rolls,  i 
Flywheel,  375  r.p.m 
eter  of  flywheel, 
weight,  3  000  lbs. 
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FIG.    9 — GRAPHIC    METER   RECORD  OF   MOTOR   ON    WELDING  ROLLS 

The  prolonged  peaks  are  due  to  the  power  required  to  bring 
the  flywheel  back  to  speed.  At  the  beginning  of  this  curve, 
Phase  A  and  then  Phase  B  were  recorded  separately  to  deter- 
mine the  power-factor.  As  this  type  of  meter  is  non-reversible, 
power-factors  below  50  cannot  be  determined.  The  fact 
that  Phase  A  by  itself  records  slightly  greater  values  than  both 
together  on  no  load,  indicates  that  the  power-factor  was  a  little 
less  than  50  percent  on  no  load.  The  power-factor  at  the  peaks 
was  about  75  percent. 

occur  when  the  bar  is  being  run  to  the  rolls,  and  again  when  the 
bar  is  returned. 

The  pipe  is  lifted  from  the  racks  in  front  of  the  welding  fur- 
nace by  a  set  of  hydraulically  operated  levers,  shown  at  the  ex- 
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treme  right  in  Fig.   10.     If  inspection  shows  that  the  weld  is  per- 
fect, the  pipe  is   rolled  down  an  incline  to  the  live  rolls   feeding 
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FIG.    10 — 10   HP,   850  R.P.M.    MOTOR   DRIVING  BAR    PULLER 

After  the  full  length  of  the  pipe  has  been  welded,  the  ball  is  knocked 
oflf  the  bar  and  the  latter  is  withdrawn  by  the  rolls  on  the  bar  puller. 
Several  of  the  balls,  which  are  cleaned  from  scale  and  used  repeatedly, 
are  shown  in  the  foreground.  The  incandescent  lamps  are  used  as  sig- 
nals to  indicate  the  proper  time  for  opening  the  furnace  doors  to  allow 
a  new  pipe  to  i)e  pushed  into  the  welding  rolls. 

the  size  rolls.     If  the  weld  is  not  perfect,  the  pipe  is  raised  on 
an  hydraulically  operated  turn-table,  and  turned  end   for  end  be- 
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FIG.    II — GRAPHIC  RECORD   OF    MOTOR   DRIVING   BAR   PULLER 

fore  returning  to  the  welding  furnace.  This  gives  a  back  lap 
which  produces  a  more  perfect  weld  than  would  be  possible  with 
two  rollings  in  the  same  direction. 
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After  welding,  the  pipe,  still  white  hot,  is  run  through  the 
size  rolls,  which  reduce  it  to  correct  external  size,  and  then 
through  the  cross  rolls  where,  with  a  whirling  motion,  it  is 
straightened.  It  is  conveyed  to  the  size  rolls  by  the  live  rolls, 
Fig.  12.  To  insure  accurate  sizing,  the  pipes  are  usually  passed 
through  the  rolls  three  times,  the  reversing  of  the  rolls  being  ac- 
complished by  means  of  a  clutch.  This  operation  also  requires 
the  reversing  of  the  live  rolls,  which  is  done  by  reversing  the  mo- 
tors,   thus    producing  a  very    peaked    load    on    the    motors.      As 


FIG.   5 — 10  HP,  590  R.P.M.    MOTOR  DRIVING  LIVE  ROLLS 

Sizing  rolls  in  background. 

shown  in  Fig.  14,  the  load  on  the  sizing  rolls  is  similar  to  that  at 
the  welding  rolls,  though  the  peaks  are  not  so  severe.  Due  to 
the  greater  duration  of  the  peaks,  a  flywheel  would  be  of  no  as- 
sistance in  smoothing  out  the  load  curve.  For  this  application  a 
motor  with  a  large  starting  torque  and  liberal  over-load  capacity 
is  required.  The  cross  rolls  are  driven  through  a  double  reduction 
gear  by  a  separate  motor  for  each  roll.  To  insure  simultaneous 
operation,  both  motors  are  controlled  from  the  same  switch,  no 
starting  box  being  necessary. 
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A  number  of  very  interesting  features  may  be  brought  out 
by  an  analysis  of  the  power  curve  for  these  motors,  shown  in 
Fig.  16.     It  will  be  noticed  that  the  power  on  the  motor  drops  off 
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FIG.    13—50    HP,    590   R.P.M.    MOTOR   DRIVING    SIZING   ROLLS 

for  an  instant  as  the  pipes  enter  the  rolls,  and  then  rises  to  the 
full  load  value.     This  is  probably  due  to  the  fact  that  the  velocity 

of  the  pipes  along  the 
live  rolls  is  greater 
than  their  linear  velo- 
city through  the  cross 
rolls.  Thus  the  press- 
ure on  the  gears  is 
t  e  m  p  orarily  relieved, 
until  the  motor  catches 
up  in  speed.  The  suc- 
ceeding peaks  are 
caused  by  the  inertia 
of  the  pipe  as  the  ro- 
tary motion  is  started, 
the  pipe  is  in  the 
pipe.  During  the 
of     the     pipes     got 


FIG. 


14 — GR.-VPHIC      RECORD      OF      MOTOR      DRIVING 
SIZING    ROLLS,     SIZING     l8    INCH     PIPE 

The  heavy  peaks  are  caused  by  the  reversal 
of  the  rolls  under  load  by  means  of  friction 
clutches.  Speed  of  roll,  46  r.p.m.  Tubes  passed 
through  the  rolls  three  times. 


pnd 
rolls 


by     reversing     the     motors     while 
which      occurs      twice      with      each 
time     that     this     curve     was     taken,     one 
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stuck   in   the   rolls.     This   is  a  condition   which   is   liable   to   occur 
at  any  time,  and  which  the  motor  must  be  able  to  handle.     In  this 


FIG.   IS — CROSS  ROLLS  DRIVEN  BY   ID  HP,  85O  R.P.M.   MOTORS 

The  surface  of  the  rolls  forms  a  hyperboloid  of  revolution,  and  they 
are  set  at  such  an  angle  that  the  straight  line  portion  of  the  curve  is 
tangent  to  the  pipe  throughout  the  length  of  the  roll.  The  pipe  is  given 
a  combined  twisting  and  forward  motion,  tending  both  to  straighten  the 
pipe,  and  to  reduce  it  to  exact  size.  The  rolls  shown  in  the  illustration 
are  set  for  four  inch  pipe.  The  motor  is  connected  through  reducing 
gears  to  the  shaft  at  the  right. 

particular  case,  the  stick- 
ing was  not  caused  by  any 
fault  in  the  pipe,  but  oc- 
curred because  the  power 
was  thrown  off  temporari- 
ly. When  the  power  came 
on  the  lines  again,  the  mo- 
tors started  up  with  the 
pipe  in  the  rolls,  requiring 
very  heavy  starting  cur- 
rent. The  power  was  well 
within  the  capacity  of  the 
motor,  however,  in  this 
particular  case  as  the  pipe 


FIG.  16 — GRAPHIC  RECORD  OF  MOTOR  DRIV- 
ING UPPER  ROLL  OF  THE  CROSS  ROLLS 

Speed  of  rolls,  84  r.p.m.  The  straight 
horizontal  line  in  the  record  indicates 
that  the  control  circuit  of  the  meter 
was  broken,  as  the  moving  element  in 
the  type  of  meter  used  is  actuated  by 
a  small  motor. 


was  only  four  inches  in  diameter,  while  the  capacity  of  the  rolls 
is  eight  inch  pipe. 
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After  the  pipe  has  passed  through  the  cross  rolls,  it  has  the 
correct  inside  and  outside  diameter,  and  is  approximately  straight. 
It  is  then  run  out  on  the  racks  and  allowed  to  cool.     Before  being 


FIG.    17 — 10    HP,    500    R.P.M.    MOTORS    DBIVING    PIPE    THREADERS    AND 
CUTTING    OFF    MACHINES 

cut  off  to  standard  length  and  threaded,  the  pipe  is  passed  through 
a  straightening  machine  of  the  press  type,  with  a  flywheel  mounted 
on  the  cam  shaft.     Two  cylindrical  dies,  about  twelve  inches  in 


FIG.    18 — GRAPHIC   RECORD   OF    MOTOR  DRIVING   PIPE   CUTTING 
OFF    MACHINE 

length  and  of  the  same  diameter  as  the  pipe,  are  pressed  firmly 
around  the  pipe  every  -six  to  twelve  inches  of  its  length,  removing 
all  inequalities. 

The  pipe  cutting  off  and  threading  machine  represents  a  final 
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application  which  requires  the  most  rugged  characteristics  on  the 
part  of  the  motor.  The  record  shown  by  the  curve  in  Fig.  18 
was  taken  while  cutting  18  inch  tubes  at  an  average  cutting  speed 
of  38  feet  per  minute.  The  average  load  on  the  motor  while  cut- 
ting is  shown  by  the  curve  to  be  about  six  kw.  The  starting  con- 
ditions are  exceptionally  severe,  however,  as  the  motor  is  started 
simply  by  closing  a  switch.  The  motor  was  reversed  for  the 
reaming  operation  while  running,  causing  a  very  heavy  peak,  and 
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FIG.    19 — DIAGRAM    OF    TYPICAL    BUTT- WELD    TUBE    MILL 

Live  rolls  driven  by  two  horse-power  motors  are  provided  between 
the  cross  rolls  to  avoid  handling  the  pipe.  The  pipe  is  started  into  the 
side  rolls  by  a  man  with  tongs  and  is  picked  up  from  the  trough  beyond 
the  cross  rolls  by  a  rack  which  is  driven  by  a  five  horse-power  motor. 
The  cut  off  saws,  driven  by  ten  horse-power  motors  remove  the  ragged 
ends  while  the  pipe  is  still  hot. 

was  again  reversed  to  set  the  machine   for  the  next  pipe.     This 

manipulation  is.  of  course,  very  severe  on  the  motor  windings,  and 

on  the  gearing. 

BUTT   WELDING 

All  pipe  over  three  inches  in  diameter  is  n^ade  by  the  lap 
welding  process  as  described.  With  smaller  pipe  it  is  possible  to 
combine  several  of  the  operations  into  one  by  butt  welding  the 
joints.     The   diagram  of  a  butt  w^eld    mill.    Fig.    19,    shows    the 
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FIG.   20 — GRAPHIC   RECORD   OF    MOTOR   ON   BUTT-WELDER 

.-\t  the  time  this  curve  was  taken,  600  three-quarter  inch  pipes  were 
being  welded  per  hour,  or  ten  per  minute. 

greater  simplicity  of  this  arrangement.  The  front  corners  of  the 
skelp  are  cut  off  with  the  shears  before  it  is  placed  in  the  fur- 
nace, to  assist  in  starting  it  through  the  mandrel.  In  place  of  be- 
ing heated  twice,  the  skelp  in  the  butt  welding  process  is  brought 
at  once  to  a  welding  temperature,  and  the  bending  and  welding 
are  accomplished  in  one  operation.  The  forward  end  is  grasped 
by  a  tong  grip  which  is  attached  to  a  traveling  chain  and  is  drawn 
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through  the  bell  very  much  as  in  the  lap  weld  bending  process. 
The  difference  consists  in  the  fact  that  the  mandrel  is  so  shaped 
that  the  edges  of  the  skelp  are  forced  together  under  consider- 
able pressure  causing  them  to  weld.  No  ball  is  used,  as  with 
small  sizes  of  pipe  it  is  unnecessary. 

The  power  requirements  for  a  motor  for  butt  welding  are 
very  similar  to  those  for  the  draw  bench  in  the  lap  weld  bending 
process,  in  that  the  motor  operates  continuously  in  one  direction. 
No  flywheel  is  used  because,  as  shown  in  the  power  curve,  Fig.  20, 
the  interval  between  peaks  is  hardly  sufficient  at  times  to  allow  a 
flywheel  to  regain  its  speed.  For  this  reason,  and  also  because  of 
the  fact  that  a  delay  caused  by  lack  of  sufficient  power  to  pull 
the  pipe  through  the  bell  is  liable  to  become  very  costly,  the  motor 
must  be  selected  of  ample  overload  capacity,  and'  with  very  large 
starting  torque. 

After  welding,  the  pipes  are  run  through  sizing  and  cross 
rolls,  and  cut  off  to  size  and  threaded  the  sanie  as  the  lap  welded 
pipes. 

SUMMARY 

Owing  to  the  large  capital  investments  and  high  labor  costs 
it  is  absolutely  essential  in  the  manufacture  of  steel  products  that 
work  proceed  with  the  greatest  possible  continuity.  No  interrup- 
tions are  tolerated  that  can  possibly  be  avoided.  The  service  is 
very  severe,  and  in  the  majority  of  cases  is  continuous  24  hours 
per  day.  However,  electric  motors  have  demonstrated  their  ability 
to  meet  these  conditions.  In  the  case  of  the  above  plant,  the  mo- 
tors have  been  operating  almost  continuously  since  their  installa- 
tion, over  three  years  ago.  Owing  to  their  rugged  and  liberal  de- 
sign they  have  required  practically  no  repairs  and  no  attention,  ex- 
cept a  regular  inspection  of  bearings,  oil,  etc.  In  fact,  for  two 
lap  weld  mills  only  three  men  are  required  to  attend  the  motors, 
one  being  the  chief  electrician,  another  his  assistant,  who  is  a  me- 
chanic, and  the  third  an  oiler.  These  men  also  attend  to  the 
cranes  and  make  any  necessary  changes  in  wiring,   etc. 

One  advantage  in  electric  drive,  which  should  not  be  over- 
looked, is  that  by  means  of  graphic  meters,  installed  on  the  motor 
circuits,  a  permanent  graphic  record  can  be  obtained  of  the  differ- 
ent operations  accomplished  by  the  motor  driven  machines.  In 
this  way.  data  respecting  amount  of  power,  cost  of  work,  efficiency 
of  machines  and  operators  can  be  obtained  as  by  no  other  method 
and  changes  and  improvements  made  accordingly. 


OPERATING    CHARACTERISTICS    OF 
COMMUTATING-POLE  MACHINES 

J.  M.  HIPPLE 

DIRECT-CURRENT  commutating-pole  motors  and  genera- 
tors are  coming  into  such  general  use  that  a  clear  under- 
standing of  the  characteristics  of  this  type  of  machine  is 
desirable.  The  users  of  direct-current  machines  generally,  are 
evidencing  a  desire  to  be  fully  informed  regarding  the  perform- 
ance of  these  machines  and  it  is  believed  that  a  discussion  of  cer- 
tain characteristics  will  be  of  interest.  The  theory  on  which  the 
commutating-pole  motor  is  based  has  been  discussed  at  length  and 
often  and  therefore  will  be  covered  very  briefly  here. 

Motors — The  practice  of  shifting  the  brushes  in  non-commu- 
tating  pole  motors  to  secure  the  best  commutating  conditions  is 
due  to  the  fact  that  such  a  shift  brings  the  brushes  into  a  posi- 
tion where  the  short-circuited  coil  (which  is  the  coil  in  which  the 
current  is  being  commutated)  is  within  the  influence  of  the  field 
from  the  pole  tips.  The  movement  of  the  coil  in  this  field  gener- 
ates a  voltage  which  tends  to  neutralize  the  voltage  of  self-induc- 
tion and  reverse  the  current  so  that,  at  the  instant  the  coil  passes 
from  under  the  brush,  there  will  be  no  sparking. 

A  brush  position  can  usually  be  found  in  a  shunt  non-com- 
mutating  pole  motor  where  good  commutation  can  be  effected.  It 
must  be  remembered,  however,  that  when  this  is  done,  commuta- 
tion is  largely  dependent  on  the  field  from  the  tip  of  the  main 
pole.  This  field  does  not  have  such  an  intensity  as  to  be  an  ideal 
means  for  producing  perfect  commutation.  To  produce  ideal 
commutation,  this  field  should,  under  varying  load,  vary  in  strength 
directly  in  proportion  to  the  current  in  the  armature,  since  the 
voltage  of  self-induction  in  the  armature  varies  in  this  proportion. 
On  the  contrary,  however,  in  a  shunt  wound  motor  the  field  is 
somewhat  weakened  as  the  load  comes  on,  due  to  the  reaction  of 
the  armature  field  on  the  main  field.  Again,  in  the  case  of  a  mo- 
tor operating  at  less  than  its  normal  voltage,  or  at  an  increased 
speed  through  weakening  of  its  field,  the  commutating  field  is 
weakened  and  sparkless  commutation  made  more  difficult  to  ob- 
tain. The  same  holds  true  in  the  case  of  a  generator  or  exciter 
operating  at  less  than  its  rated  voltage. 
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The  function  of  the  commutating-pole  is  to  provide  a  field 
for  commutation  which  will,  under  all  conditions  of  load  and  volt- 
age, have  such  a  strength  as  to  produce  complete  reversal  of  the 
current  in  the  short-circuited  coil  and,  therefore,  sparkless  com- 
mutation. The  action  is  the  same  as  in  the  non-commutating  pole 
motor  with  the  brushes  shifted;  the  difference  being  in  the  means 
employed  to  produce  the  commutating  iield  and  in  the  results  se- 
cured. By  employing  a  separate  pole  located  midway  between 
the  main  poles,  several  distinct  advantages  are  gained. 

I — The  commutating  field  is  so  located  that  the  correct  brush 
position  is  the  same  for  either  direction  of  rotation. 

2 — A  series  winding  may  be  used,  thereby  generating  a  field 
that  is  directly  proportional  to  the  current  in  the  armature.  This 
field  is  substantially  unchanged  when  the  motor  is  operated  at  less 
than  rated  voltage,  or  at  increased  speed  by  weakening  the  field. 

3 — This  field  is  not  weakened  by  armature  reaction  as  the  load 
comes  on,  because  a  sufficient  number  of  turns  are  used  to  neu- 
tralize completely  the  counteracting  effect  of  the  armature  at  the 
commutating  point  between  the  main  poles,  with  additional  turns 
to  produce  the  necessary  commutating  field.  It  is,  therefore,  not 
necessary  to  change  the  position  of  the  brushes  with  different  loads 
to  get  the  best  commutating  conditions. 

4 — Summed  up,  the  great  advantage  of  the  commutating-pole 
is  in  being  able  to  properly  locate  and  proportion  a  field  for  com- 
utation.  By  suitable  proportions  of  poles  and  windings,  this  field 
may  be  produced  of  such  shape  and  strength  that  good  commuta- 
tion may  be  secured  under  the  following  conditions,  all  of  which 
present  difficulties  in  the  design  of  non-commutating  pole  ma- 
chines :— 

a — Continuous  operation  at  increased  speed  by  field  control, 
b- — Continuous  operation  at  voltages  considerably  less  than 

normal, 
c — Continuous  operation  under  widely  varying  loads, 
d — Operation  at  overloads   for  considerable  periods. 

NUMBER   OF    COMMUTATING    POLES 

The  number  of  commutating  poles  used  is  a  matter  of  de- 
sign and  construction.  The  theory  and  action  is  the  same  whether 
the  number  of  commutating  poles  used  is  the  same  as  the  number 
of  main  poles  or  half  that  number.  The  use  of  the  smaller  num- 
ber of  poles  would  not  be  permissible  in  a  ring  wound  armature 
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but  practically  all  armatures  of  commercial  motors  are  drum 
wound. 

In  a  drum  wound  armature  it  can  readily  be  seen  that,  by 
providing  a  commutating  field  in  alternate  interpolar  spaces,  one 
side  of  each  coil  undergoing  commutation  will  be  in  the  influence 
of  the  field.  It  is  then  necessary  only  to  make  the  strength  of 
the  field  of  proper  value  to  generate  the  voltage  in  the  coil  neces- 
sary for  good  commutation.  Reference  to  Fig.  i  may  be  of  use 
in  making  this  clear.  This  figure  shows  a  four-pole  wave,  or 
two-circuit  wound  armature.  For  sake  of  clearness,  only  four  of 
the  coils  undergoing  commutation  are  shown,  and  they  are  shown 
side  by  side  instead  of  top  and  bottom  as  they  are  usually  ar- 
ranged in  the  slot.  The  main  poles  are  EEC  H,  the  interpolar 
spaces  being  designated  A  B  C  D.  If  there  is  a  commutating  pole 
in  each  interpolar  space,  it  is  clear  that  both  sides  of  each  short- 
circuited  coil  will  be  in  the  co  iimutating  field.  If  the  com  nuta- 
ting poles  are  located 
only  at  A  and  C,  refer- 
ence to  the  diagram  will 
make  it  equally  clear 
that  one  side  of  each 
short-circuited  coil  will 
be  in  the  commutating 
^'^-  ^  field.      Since     the     two 

sides  of  the  coil  are  in  series,  a  greater  voltage  generated  in  one  side 
of  the  coil  serves  the  same  purpose  as  a  smaller  voltage  generated  in 
each  side.  It  must  not  be  inferred  from  this  that  it  is  permissible  to 
remove  half  the  commutating  poles  and  coils  from  a  machme 
without  a  change  in  the  proportions  of  the  commutating  poles 
and  the  number  of  turns  of  their  coils.  If  the  commutating  poles 
are  sufficiently  liberal  in  cross-section,  no  change  in  them  might 
be  necessary,  but  in  every  case  the  number  of  turns  per  coil  would 
have  to  be  increased.  The  amount  of  this  increase  varies,  but 
averages  around  30  percent. 

COMMUTATING    POLE    COIL    CONNECTIONS 

The  commutating  winding  is  connected  in  series  with  the 
armature,  and  it  should  always  be  borne  in  mind  that  whenever 
the  current  is  reversed  in  the  armature,  it  should  be  reversed  in 
the  commutating  winding.  A  frequent  error  in  the  use  of  com- 
mutating-pole  motors  in  reversing  service  is  to  consider  the  com- 
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mutating-pole  winding  as  the  same  as  the  series  winding  in  the 
main  poles  of  a  compound-wound  machine,  and  reverse  the  mo- 
tor by  reversing  the  motor  leads  at  the  brush  holders.  This  should 
not  be  done  as  it  reverses  the  current  in  the  armature  only  and  pro- 
duces destructive  sparking  when  the  motor  is  running  in  one  di- 
rection of  rotation. 

SPEED  REGULATION    OF    MOTORS 

Commutating-pole  motors,  as  a  rule,  have  better  inherent 
speed  regulation  with  varying  load  than  non-commutating  pole 
motors.  If  the  effective  field  in  a  motor  remained  absolutely  con- 
stant as  the  load  came  on,  the  speed  would  drop,  being  propor- 
tional at  all  loads  to  the  difference  between  the  applied  voltage 
and  the  IR  (resistance)  drop,  or  in  other  words,  proportional  to 
the  counter-e.m.f.  In  almost  every  motor,  the  effective  field  is 
varied  to  some  extent  as  the  load  conies  on.  In  a  comniutating- 
pole  motor,  there  are  several  possible  causes  for  weakening  of  the 
effective  main  field  as  load  comes  on.  One  of  these  is  the  effect 
of  demagnetizing  ampere-turns  due  to  current  in  the  armature 
coils  which  are  short-circuited  by  the  brush.  These  ampere-turns 
are  directly  opposed  to  the  main  field  ampere-turns  if  the  machine 
is  over-compensated  and  they  may  be  of  considerable  magnitude. 
Saturation  of  the  yoke  by  the  interpole  flux  and  demagnetization 
due  to  the  cross-magnetizing  effect  of  the  armature  ampere-turns 
may  also  be  of  sufficient  magnitude  to  produce  an  effect.  How- 
ever, this  weakening  of  the  main  field  as  the  load  comes  on  causes 
the  motor  to  hold  up  its  speed.  Incorrect  brush  position  has  the 
same'  effect  as  in  non-commutating  pole  machines,  backward  lead 
in  a  motor  weakens  and  forward  lead  strengthens  the  field. 

Instability  of  Speed — Instability,  hunting,  surging  or  racing 
as  it  is  variously  called,  is  sometimes  noticeable  in  commutating- 
pole  motors  though  it  is  not  inherent  in  them  as  a  class.  Insta- 
bility is  primarily  a  result  of  a  rising  speed  curve,  i.e.,  one  show- 
ing increase  of  speed  with  increased  load.  If  the  weakening  of 
the  main  field  described  in  the  last  paragraph  extends  far  enough, 
the  speed  will  rise  as  the  load  comes  on.  This  is,  of  course,  true 
of  motors  either  with  or  without  commutating  poles. 

A  second  essential  element  producing  instability  is  inertia.  If 
there  were  no  inertia  in  the  moving  parts,  armature  or  driven  load, 
the  instability  would  not  occur  even  with  the  rising  speed  curve. 
Considering  the  case  of  a  motor  with  a  rising  speed  curve  driv- 
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ing  a  load  having  inertia;  a  position  of  stability  may  be  found 
under  certain  conditions  when  there  is  a  fixed  load.  As  soon, 
however,  as  the  load  is  increased,  there  will  be  a  drop  in  counter- 
e.m.f.  due  to  the  increased  current.  At  the  same  time,  the  effective 
field  will  be  weakened  by  the  increasing  load  and,  to  maintain  the 
counter-e.m.f.  corresponding  to  that  load,  the  speed  should  increase 
at  once,  in  the  same  proportion  that  the  field  decreases.  Due  to 
inertia,  however,  the  speed  does  not  respond  instantly,  with  the 
result  that  the  counter-e.m.f.  drops  further  and  thus  causes  the 
motor  to  take  more  current,  which  in  turn  further  weakens  the 
field  and  thereby  causes  the  current  to  increase  still  further.  The 
an:ount  of  energy  being  drawn  from  the  line  is  now  considerably 
in  excess  of  that  required  to  drive  the  external  load  and  it  is 
therefore  expended  in  accelerating  the  revolving  parts,  with  the  re- 
sult that  eventually  a  point  is  reached  where  the  counter-e.m.f.  of 
the  armature  again  increases.  The  current  then  falls  rapidly  and 
the  speed  more  slowly,  the  action  being  just  the  reverse  of  what 
took  place  as  the  current  was  rising.  The  revolving  parts  now 
deliver  their  stored  energy  to  the  driven  load,  the  result  being  that 
the  current  falls  below  what  is  actually  required  to  drive  the  load. 
As  soon  as  the  stored  energy  plus  the  input  to  the  motor  is  less 
than  that  required  to  drive  the  load,  the  current  again  starts  to  rise 
and  the  former  cycle  is  repeated.  In  practice,  the  time  reciuired 
for  this  cycle  is  small  and  the  speed  will  race  up  and  down  as 
rapidly  as  the  inertia  of  the  revolving  parts  will  permit.  In  the 
case  of  high  speed  machines  or  machines  having  very  unstable 
characteristics,  the  speed  is  liable  to  increase  to  a  dangerous  point 
before  reaching  the  turning  point  in  the  cycle. 

Means  for  Preventing  Instability — The  means  most  common- 
ly employed  for  insuring  absolute  stability  of  speed  is  a  series  or 
so-called  compensating  winding.  This  is  a  series  winding  on  the 
main  poles  which  compensates  wholly  or  in  part  for  field  weaken- 
ing due  to  any  of  the  causes  m.entioned  above.  The  strength  of 
the  efifective  field  is  maintained  at  such  a  value  that  the  speed  will 
fall  off  slightly  with  load,  thereby  insuring  against  any  instability 
under  any  operating  condition. 

REGULATION    CHARACTERISTICS   AND   PARALLEL    OPERATION 
OF    GENERATORS 

It  is  generally  understood  that  the  setting  of  the  brushes  on 
direct-current  generators  and  motors  has  an  important  bearing  on 
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their  operation.  It  is  also  commonly  known  that,  when  properly 
designed,  commutating-pole  machines  are  ordinarily  to  be  opera- 
ted with  the  brushes  set  in  neutral  position.  The  following  notes, 
revised  from  an  engineering  instruction  book,  may  aid  to  an  under- 
standing of  the  regulation  characteristics  of  direct-current  ma- 
chines in  general  and  the  proper  brush  setting  for  various  condi- 
tions of  operation,  such  as  paralleling  of  generators,  etc.,  and  will 
serve  to  indicate  some  of  the  advantages  of  commutating-pole  ma- 
chines. 

It  is  true  of  direct-current  machines  in  general  that  the  in- 
herent armature  regulation  characteristics  have  much  to  do  with 
the  question  of  their  successful  parallel  operation.  When  the 
armatures  of  two  direct-current  generators,  for  example,  are 
coupled  in  parallel  and  delivering  power  to  the  same  external  cir- 
cuit it  is  necessary,  in  order  to  obtain  stable  conditions,  for  each 
armature  to  tend  to  "shirk''  its  load ;  that  is,  each  must  naturally 
tend  to  transfer  load  to  the  other  machine.  This  tendency  to  shirk 
may  be  either  in  bad  speed  regulation  due  to  the  prime  mover 
which  drives  the  generator  armature,  or  in  the  drooping  voltage 
characteristics  of  the  armature  itself.  A  drooping  speed  charac- 
teristic indirectly  produces  a  drooping  voltage  characteristic  in 
the  armature ;  therefore,  both  causes  lead  to  the  one  characteristic, 
viz.,  drooping  voltage,  as  the  condition  for  stable  parallel  opera- 
tion. This  drooping  voltage  characteristic  must  be  an  inherent 
condition.  In  practice,  the  voltage  at  the  armature  terminals  fre- 
quently rises  with  increase  in  load,  but  its  rise  is  due  to  some  con- 
dition external  to  the  armature,  such  as  increased  field  strength, 
and  not  to  conditions  in  the  armature  itself. 

Drooping  Voltage  Characteristics — Direct-current  generators, 
as  hitherto  ordinarily  constructed,  naturally  give  drooping  voltage 
characteristics  in  the  armature  windings.  If  two  such  armatures 
are  paralleled  they  tend  to  divide  the  load  in  a  fairly  satisfactory 
manner,  provided  their  prime  movers  regulate  similarly  in  speed. 
If  means  are  applied  for  giving  a  rising  voltage  characteristic  to 
the  machines,  such  as  series  coils  in  the  field,  then  the  armature 
terminals  must  be  paralleled  directly  in  order  to  maintain  stability. 
If,  for  instance,  the  armatures  are  not  paralleled  directly  but  the 
paralleling  is  done  outside  the  series  coils,  then  the  operation  will 
be  unstable  unless  the  machines  still  have  drooping  voltage  charac- 
teristics.    If  they  have  rising  characteristics,   then  parallel  opera- 
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tion  is  impracticable.  If  either  machine  should  take  an  excess  of 
load  its  voltage  would  rise,  while,  that  of  the  other  machine  would 
fall  due  to  decreased  load.  This  condition  would  naturally  force 
the  first  machine  to  take  still  more  load  and  the  second  one  to  take 
still  less,  until  the  first  machine  actually  fed  current  back  through 
the  other  machine  and  it  would  be  necessary  to  open  the  circuit 
between  them  to  avoid  injury.  However,  by  paralleling  the  two 
armatures  inside  the  series  coils,  that  is,  between  the  series  coils 
and  the  armature  terminals,  this  unstable  condition  is  avoided  for 
two  reasons ;  first,  the  inherent  drooping  voltage  characteristics  of 
the  armatures ;  and,  second,  the  fact  that  the  series  coils  are  par- 
alleled at  both  terminals,  forcing  them  to  take  proportional  currents 
at  all  times  and  thus  compounding  both  machines  equally. 

Rising  Voltage  Characteristics — If  direct-current  generators 
are  so  designed  or  operated  as  to  give  rising  instead  of  drooping 
armature  characteristics  then  parallel  operation  is  liable  to  be  un- 
stable. This  condition  could  be  obtained  in  ordinary  machines  by 
prime  movers  which  tend  to  speed  up  with  increasing  load,  thus 
producing  rising  voltage  on  the  armature.  Ordinarily,  such  speed- 
ing up  of  the  prime  mover  would  have  to  be  rather  large  to  over- 
come the  normal  drooping  characteristic  of  the  ordinary  armature. 
However,  prime  movers  of  this  character  are  comparatively  rare. 

Commiitating  Poles — A  second  condition  which  can  give  a 
rising  voltage  is  not  infrequently  found  in  commutating  pole  type 
direct-current  generators.  As  in  the  case  of  commutating  pole 
motors  the  commutating  windings  are  connected  directly  in  series 
with  the  armature,  but  so  that  their  effect  will  be  directly  in  oppo- 
sition to  that  of  the  winding  in  the  armature.  The  maximum 
magnetizing  effect  of  the  armature  winding  is  found  at  the  points 
on  the  armature  corresponding  to  the  coils  which  are  being  com- 
mutated.  The  commutating  pole  is  intended  to  be  placed  directly 
over  these  points  and  the  commutating  pole  winding  normally  has 
such  a  value  that  it  not  only  neutralizes  the  magnetizing  effect  of 
the  armature  winding  at  these  points,  but  it  also  sets  up  a  small 
magnetic  field  in  the  opposite  direction  which  assists  in  the  com- 
mutation of  the  armature  coil.  Therefore,  the  commutating  pole 
winding  must  have  a  number  of  ampere-turns  equal  to  the  maxi- 
mum ampere-turns  in  the  armature  winding,  plus  the  excess  am- 
pere-turns necessary  to  produce  the  required  commutating  field 
strength. 
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Effects  of  Different  Positions  of  Commutating  Pole — When 
the  commutating  pole  winding  is  placed  directly  over  the  commu- 
tating position  of  the  armature  winding,  it  should  have  practically 
no  effect  on  the  armature  characteristics.  This  assumes  that  the 
commutating  field  strength  is  so  proportioned  as  to  be  exactly  cor- 
rect. However,  as  mentioned  under  "Speed  Regulation  of  Mo- 
tors", in  case  the  machine  is 
over-compensated  there  will  be 
some  effect  on  the  armature 
characteristics  due  to  the  short- 
circuited  currents  generated  in 
the  coil  undergoing  commuta- 
tion. This  effect,  however,  will 
be  neglected  in  the  present  dis- 
cussion. 

Shifting  of  Brushes — If  the 
commutating  pole  winding  is  not 
placed  over  the  position  of  the 
armature  winding  it  will  have  an 
eft'ect  on  the  voltage  character- 
istics of  the  machine  tending  to 
either  raise  or  lower  the  voltage, 
depending  upon  the  position  of 
the  commutating  pole  with  re- 
spect to  the  commutating  posi- 
tion. The  commutating  points 
on  the  armature  depend  directly 
upon  the  brush  position.  If  the 
brushes  are  rocked  backward  or 
forward  from  the  point  corre- 
sponding to  the  mid  position  be- 
tween the  poles,  then  the  posi- 
FiGs.  2,  3  AND  4  (.jjjj^  ^£  i-j-jg  commutated  armature 

coils  moves  backward  or  forward  with  the  brushes.  As  the  com- 
mutating pole  is  fixed  in  position  it  is  evident  that  its  relation  to  the 
coils  undergoing  commutation  can  be  changed  by  the  different  brush 
settings.  Herein  lies  a  possible  trouble  in  parallel  running,  for  the 
commutating  points  can  be  so  shifted  with  respect  to  the  commutat- 
ing pole  that  the  armature  voltage  characteristics  can  be  made  to 
rise  instead  of  droop.  As  explained  before,  this  is  an  unstable 
condition  for  parallel  operation. 
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Brushes  in  ]\Iid  Position — This  may  be  illustrated  by  refer- 
ence to  Fig.  2,  which  represents  two  main  poles  and  commutating 
poles,  with  the  brushes  set  in  a  position  corresponding  to  the  mid- 
dle point  of  the  commutating  pole ;  the  polarity  of  the  respective 
poles  is  indicated.  The  polarity  of  any  commutating  pole,  when 
the  machine  is  running  as  a  generator,  is  always  the  same  as  the 
polarity  of  the  main  pole  immediately  in  front  of  it,  as  shown  in 
Figs.  2,  3  and  4.  When  the  brush  is  placed  in  a  position  corre- 
sponding to  an  exact  intermediate  point  in  the  commutating  pole 
it  is  evident  that  the  armature  coils  lying  between  two  commuta- 
ting points,  that  is,  the  windings  between  a  and  h  in  Fig.  2,  are 
acted  upon  by  induction  from  the  main  pole  and  by  half  the  induc- 
tion from  the  commutating  poles  adjacent  to  the  main  pole.  How- 
ever, as  these  two  commutating  poles  are  of  opposite  polarity  and 
the  induction  is  the  same  from  each,  it  is  evident  that  they  have 
equal  and  opposite  efifects  on  the  armature  winding  between  a  and  h 
and  therefore  do  not  afifect  its  voltage. 

Back  Lead — In  Fig.  3  the  brushes  are  given  a  slight  back  lead 
so  that  the  commutation  is  under  the  trailing  magnetic  flux  from 
the  commutating  pole.  It  is  now  evident  that  between  a  and  h  the 
induction  is  from  the  main  pole  and  from  one  commutating  pole 
principally.  With  the  back  lead  at  the  brushes,  this  commutating 
pole  is  the  one  immediately  back  of  the  main  pole  and  therefore 
of  the  same  polarity.  This  commutating  pole  therefore  becomes 
a  magnetizing  pole  and  adds  to  the  e.m.f.  generated  between  a  and 
b.  As  the  strength  of  this  commutating  pole  is  zero  at  no  load 
and  rises  with  load,  it  is  evident  that  it  tends  to  give  an  increased 
voltage  between  a  and  h  as  the  load  increases  and  thus  tends  to 
produce  a  rising  voltage  characteristic  instead  of  a  drooping  one. 
As  stated  before,  the  number  of  ampere-turns  in  the  commutating 
pole  is  considerably  greater  than  in  the  armature,  but  ordinarily 
the  effect  of  these  ampere-turns  is  almost  neutralized  by  the  oppo- 
sing effect  of  the  armature  winding.  However,  with  the  back 
lead,  as  indicated  in  Fig.  3,  the  opposing  effect  of  the  armature 
winding  is  shifted  to  one  side  of  the  commutating  pole  and  thus 
the  commutating  pole  ampere-turns  become  more  effective  in  ac- 
tually magnetizing  the  armature,  but  become  less  effective  in  cre- 
ating a  commutating  field  for  the  coils  which  are  now  being  re- 
versed by  the  brushes.  On  account  of  this  less  effective  field  it 
may  be  necessary  in  practice  to  increase  the  ampere-turns  on  the 
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commutating  pole  still  further  in  order  to  bring  the  trailing  mag- 
netic fringe  up  to  a  suitable  value  for  producing  proper  commu- 
tation. It  is  evident  that  this  increased  number  of  ampere-turns  on 
the  commutating  pole  increases  the  induction  on  that  part  of  the 
commutating  pole  which  is  affecting  the  armature  voltage  as  well  as 
on  that  part  which  is  producing  the  commutating  field.  This  further 
increases  the  voltage  between  a  and  b. 

With  a  back  lead,  therefore,  the  co:nnuitating  pole  may  have 
the  same  effect  as  the  series  winding  on  the  main  field ;  that  is,  it 
may  compound  the  machine  so  that  the  voltage  at  the  terminals  is 
of  rising  instead  of  falling  characteristic,  even  without  any  true 
series  winding  on  the  main  poles.  The  machine  therefore  becomes 
an  equivalent  of  a  compound  wound  machine  and  if  there  is  no 
equalizer  between  the  commutating  pole  winding  and  the  armature 
terminal,  the  generator  may  be  unstable  when  paralleled  with  others. 

Forward  Lead — The  case  where  the  brushes  are  given  a  for- 
ward lead  is  shown  in  Fig.  4.  Con: paring  this  with  Fig.  3.  by  the 
same  reasoning  it  is  evident  that  the  commutating  pole  is  now  op- 
posing the  effect  of  the  main  pole  in  the  winding  between  a  and  b. 
The  commutating  pole  therefore  tends  to  produce  a  drooping  volt- 
age characteristic  and  has  just  the  opposite  eft'ect  to  that  of  the 
series  winding.  In  this  position  of  the  brushes  the  co.nmutating 
pole  winding  tends  to  give  good  characteristics  for  parallel  opera- 
tion, but  as  the  effect  of  the  commutating  pole  is  in  opposition  to 
the  main  pole  it  is  evident  that  more  series  winding  is  required  on 
the  main  field  in  order  to  over-compound  the  machine  as  a  whole. 
Also,  with  the  brushes  in  this  position  the  commutating  pole  is  not 
as  effective  in  producing  good  commutation  and  therefore  more 
ampere-turns  are  required  on  the  commutating  pole  winding. 
Therefore,  both  the  commutating  pole  winding  and  the  main  series 
winding  must  be  increased  when  the  brushes  are  given  this  for- 
ward position ;  but  parallel  operation  should  be  stable. 

Correct  Position — It  is  evident,  therefore,  from  the  above  con- 
siderations, that  for  best  results  the  brushes  should  be  so  set  that 
the  true  point  of  commutation  comes  midway  under  the  commu- 
tating pole.  If  this  position  is  found  exactly,  then  the  commuta- 
ting pole  should  have  practically  no  eft'ect  on  the  voltage  charac- 
teristics of  the  armature,  and  parallel  operation  with  other  genera- 
tors should  be  practicable.  A  very  slight  forward  lead  is  favor- 
able to  paralleling,  but  lessens  the  compounding. 
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As  a  back  lead  at  the  brushes,  when  the  machine  is  acting  as 
a  generator,  tends  to  improve  the  compounding  and  lessens  the 
series  winding  required  on  the  main  field,  it  might  be  suggested 
that  this  gives  a  cheaper  and  more  efficient  machine  and  that 
therefore  this  arrangement  should  be  used,  with  some  means  added 
for  overcoming  the  unstable  conditions  of  paralleling.  One  means 
proposed  for  this  latter  is  an  additional  ecjualizer  connected  be- 
tween the  commutating  poles  and  the  armature  terminals.  This 
has  been  used  in  one  or  two  instances,  but  in  principle  the  arrange- 
ment is  inherently  wrong.  When  the  comirutating  pole  windings 
are  paralleled,  then  the  currents  in  them  must  divide  according  to 
their  resistances.  This  condition  would  not  be  objectionable  pro- 
vided the  armature  currents  also  always  varied  in  the  same  pro- 
portion. With  slow  changes  in  load  this  condition  might  be  ob- 
tained. However,  there  are  conditions  of  operation  where  the 
armature  currents  will  not  rise  and  fall  in  proportion  and  there- 
fore the  commutating  pole  windings,  with  this  arrangement,  would 
not  always  have  the  right  value  to  produce  the  desired  commuta- 
ting fields.  For  the  proper  arrangement  each  armature  should  be 
connected  directly  in  series  with  its  own  commutating  poles  and 
the  currents  in  the  two  should  rise  and  fall  together  for  best  re- 
sults. It  is  evident  that  this  condition  will  not  be  obtained  when 
an  equalizer  is  connected  between  the  armatures  and  commutating 
poles,  and  this  solution  of  the  probleem  should  therefore  be 
avoided. 

Brush  Position  on  Motors — The  action  of  the  commutating 
pole  in  afifecting  the  field  of  a  motor  when  the  brushes  are  given 
a  lead  is  the  same  as  in  a  generator,  except  that  with  backward 
lead  the  commutating  and  main  fields  included  between  a  and  b 
are  of  different  polarity,  and  with  forward  lead  they  are  of  the 
same  polarity.  In  view  of  the  tendency  toward  instability  which 
would  result  if  the  brushes  were  given  backward  lead  and  the 
poorer  commutating  conditions  if  given  forward  lead,  shifting  of 
the  brushes  from  the  neutral  position  is  very  objectionable. 

Brush  Setting — All  the  foregoing  leads  to  the  fact  that  very 
accurate  brush  setting  is  required  on  commutating  pole  machines 
and,  furthermore,  that  when  such  setting  is  once  obtained  it  should 
not  be  capable  of  ready  adjustment  or  change.  For  this  reason 
commutating  pole  machines  should  not  have  a  brush  rocking  gear. 
In  machines  where  such  gear  is  present  it  would  be  better,  in  gen- 
eral, if  the  brush  rocking  mechanism  were  removed  after  the  proper 
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setting  of  the  brushes  is  once  obtained,  and  means  should  be  em- 
ployed for  locking  the  brushes  in  this  correct  position. 

The  correct  setting  of  the  brushes  is  not  dit^cult  under  the 
present  manufacturing  methods,  as  it  is  the  practice  to  build  the 
machine  so  that  the  correct  position  of  the  neutral  is  known  by 
the  time  the  machine  is  assembled.  This  involves  manufacturing 
the  armature  to  exact  information  regarding  the  throw  of  the  coil 
and  leads  and  the  location  of  the  commutator  bar  with  reference 
to  the  center  of  the  slot.  It  is  the  best  practice,  therefore,  for  the 
correct  brush  setting  to  be  determined  by  the  manufacturer  and 
the  brushes  definitely  located  in  this  position,  which,  when  once 
found,  need  not  be  altered.  To  locate  the  correct  setting  of  the 
brushes  in  a  machine  which  has  not  been  manufactured  with 
these  precautions  in  mind,  the  correct  mechanical  neutral  therefore 
not  being  known,  is  rather  difficult  in  many  cases.  In  motors, 
the  practice  most  frequently  followed,  is  to  locate  the  neutral  by 
checking  the  speed  of  the  motor  in  both  directions  of  rotation, 
when  carrying  a  load.  When  a  brush  position  is  found  which 
gives  the  same  speed  in  both  directions  of  rotation,  it  can  be  as- 
sumed that  this  is  approximately  the  correct  position.  This  method 
is  of  course  subject  to  some  errors,  principally  errors  in  reading 
the  speed  and  error  due  to  the  brush  not  making  contact  over  its 
full  face  in  both  directions  of  rotation.  In  addition  to  this 
method,  there  are  two  methods  frequently  e.nployed  which  may 
be  properly  distinguished  as  the  "mechanical"  method,  and  the 
"electrical"  or  "kick"  method. 

Mechanical  Method — Where  the  armature  conductors  can  be 
traced  from  the  commutator  bars  back  under  the  poles,  it  is 
feasible  in  general  to  locate  the  correct  setting  by  the  position  of 
the  commutated  coil  with  respect  to  the  commutating  poles.  In 
standard  practice  the  throw  or  span  of  the  coil  is  made,  as  nearly 
as  possible,  equal  to  the  pole  pitch.  In  a  parallel  type  of  winding 
where  the  number  of  slots  is  an  exact  multiple  of  the  number  of 
poles,  the  space  of  the  coil  can  be  made  exactly  equal  to  the  pole 
pitch.  In  this  case,  if  the  winding  can  be  traced  through,  the 
brushes  can  be  so  set  that  a  coil  or  turn  exactly  under  the  middle 
of  the  commutating  poles  has  its  two  ends  connected  to  the  two 
adjacent  commutator  bars  which  are  symmetrically  short-circuited 
by  the  brush;  that  is,  the  insulating  strip  between  these  two  bars 
should  be  under  the  middle  of  the  brush.  To  carry  this  out  prop- 
erly it  is  necessary  to  trace  the  conductor,  with  absolute  exactness, 
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tlirough  the  slots.  When  there  are  several  separate  turns  side  by 
side  in  one  slot,  it  is  advisable  to  select  a  middle,  or  approximately 
middle,  turn  for  determining  the  brush  setting. 

In  the  case  of  a  two-circuit  or  series  winding,  it  is  more  diffi- 
cult to  determine  the  brush  setting  by  tracing  out  the  coils,  for  the 
number  of  slots  in  such  windings  is  usually  not  an  exact  multiple 
of  the  number  of  poles  and  therefore  the  span  of  the  coil  is  not 
exactly  equal  to  the  pole  pitch.  In  this  case  the  position  of  the 
coil  n  ust  be  averaged;  that  is,  one  edge  or  half  of  the  coil  may  be 
slightly  ahead  of  the  middle  point  of  its  commutating  pole,  while 
the  other  half  is  slightly  behind  the  middle  of  the  commutating 
pole.  Even  if  the  position  of  the  coil  is  properly  fixed  it  is  not 
easy  to  fix  exactly  the  corresponding  brush  setting,  as  the  two 
commutator  bars  to  which  the  coil  is  connected  do  not  lie  adjacent 
to  each  other,  as  in  a  parallel  type  of  winding,  but  are  two  neu- 
tral points  apart.  Also,  the  number  of  commutator  bars  is  not  an 
exact  multiple  of  the  number  of  poles  (except  in  some  rare  cases 
where  there  is  an  idle  bar)  and  therefore  they  do  not  have  a 
symmetrical  relation  to  the  brushes.  The  best  that  can  be  done 
is  to  average  the  brush  position  as  well  as  possible. 

If  the  winding  is  chorded,  that  is,  if  it  has  a  span  consider- 
ably shorter  than  the  pole  pitch,  then  its  position  w'ill  have  to  be 
averaged  in  the  manner  described  above. 

In  some  cases  it  is  not  practicable  to  trace  out  the  coils  in  this 
manner,  as  the  end  windings  may  be  so  covered  that  it  is  not  pos- 
sible to  follow  an  individual  coil  from  the  commutator  to  the  slot. 

Electrical  or  "Kick"'  Method — The  electrical  neutral  for 
brushes  may  be  correctly  and  simply  located  if  due  care  is  exer- 
cised. With  all  the  brushes  raised  from  the  commutator  and  the 
machine  standing  still,  if  the  shunt  field  be  excited  to  about  one- 
half  of  its  nornal  strength  and  the  field  current  suddenly  broken, 
voltages  will  be  induced  in  the  armature  conductors  by  a  trans- 
former action.  Consideration  of  these  voltages  in  conjunction 
with  the  diagram  in  Fig.  5  will  show  that  the  maximum  voltages 
are  produced  in  those  conductors  located  in  the  interpolar  space 
(between  the  main  poles)  and  that  the  minimum  voltages  are  pro- 
duced in  those  conductors  located  nearest  to  the  centers  of  the 
main  poles.  It  will  also  be  found  that  the  induced  voltages  in 
conductors  located  at  equal  distances  to  the  right  and  left  of  the 
main  pole  centers  are  equal  in  magnitude  and  opposite  in  direction. 
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Hence,  if  the  terminals  of  a  low  reading  voltmeter  (say  five 
volts)  be  connected  to  two  commutator  bars  on  opposite  sides  of 
the  center  line  of  a  main  pole,  and  exactly  half  way  between  the 
center  lines  of  two  main  poles,  the  voltmeter  will  show  no  deflec- 
tion when  the  field  current  is  broken,  because  there  will  be  equal 
fluxes  in  opposite  directions  through  equal  numbers  of  turns.  The 
spacing  of  these  commutator  bars  is  evidently  the  correct  distance 
between  brushes  on  adjacent  brush  arms.  In  Fig.  5  a  ring  wound 
armature  is  shown  for  simplicity.  The  leads  come  straight  out  to 
the  commutator  bars  and  the  neutral  points,  in  this  case,  will  be 

midway  between 
the  main  poles. 
In  actual  prac- 
tice, the  arma- 
t  u  r  e  conductor 
which  lies  in 
the  exact  neu- 
tral zone  on  the 
surface  of  the 
armature  leads 
to  a  commuta- 
tor bar  located 
a  p  p  roximately 
under  the  cen- 
ter of  a  main 
pole,  hence  the 
electrical  neutral 
on  the  commu- 
tator will  be 
approxi- 
i  n  line 
with  the  main 
pole  centers. 
To  find  the  electrical  neutrals  in  practice,  two  pilot  brushes 
are  made  of  wood  or  fibre  to  fit  the  regular  brush  holders  and  each 
brush  carries  in  its  center  a  piece  of  copper  fitted  for  making  line 
contact  with  the  commutator  and  for  connection  to  the  voltmeter 
leads.  These  two  brushes  are  put  into  regular  brush  holders  lo- 
cated on  adjacent  brush  arms  and  connected  to  the  terminals  of 
the  voltmeter.  The  holders  and  brushes  are  then  shifted  slightly 
forward  or  backward  as  necessary  until  breaking  the  field  current 


FIG.  5 — DIAGRAM  OF  RING-WOUND  ARMATURE,  SHOWING  ELEC 

TRICAL     OR     "kick"      METHOD     OF     DETERMINING     NEUTRAL     fouud 
POINT  ^    , 

matel\' 
The    arrows    indicate    voltage    induced    when    field    is 

opened. 
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occasions  no  deflection  on  the  voltmeter.  This  neutral  point  is 
noted  and  the  pilot  brushes  are  then  similarly  used  in  another  pair 
of  brush  holders  on  adjacent  arms  and  so  on,  all  of  the  way  around 
the  commutator,  noting  whether  each  position  proves  to  be  at  a 
neutral  point.  The  average  of  the  positions  of  neutrals  thus  ob- 
tained gives  the  correct  running  location  for  the  brushes. 

If  the  armature  winding  is  perfectly  symmetrical  and  the  com- 
mutator has  an  integral  number  of  segments  per  pole  (i.e.,  a 
number  which  may  be  expressed  by  a  whole  number),  a  position 
can  be  obtained  where  there  will  be  no  deflection  of  the  voltmeter 
connected  between  adjacent  neutral  points  when  the  field  current 
is  broken;  but  with  the  two  circuit  armature  windings  extensively 
used  in  the  smaller  sizes  of  machines,  it  is  impossible  to  have  an 
integral  number  of  commutator  segments  per  pole.  In  such  cases 
it  is  necessary  to  make  a  number  of  repeated  trials  and  to  so  set 
the  brushes  that  the  sun  of  the  volt.reter  deflections  obtained  by 
taking  readings  all  of  the  way  around  the  commutator  will  be  a 
minimum,  the  positive  and  negative  signs  of  the  readings  being 
disregarded. 

If  no  deflection  occurs  between  brushes  spaced  from  each 
other  by  an  odd  number  of  poles,  an  additional  check  on  the  elec- 
trical neutral  is  established.  For  example,  in  a  six  pole  machine 
the  pilot  brushes  may  be  placed  in  diametrically  opposite  holders 
and  the  neutral  found  as  before  described.  This  method  has  the 
advantage  that  by  its  use  a  point  of  no  deflection  or  zero  reading 
is  obtainable  where  the  number  of  commutator  bars  is  divisible  by 
two,  as  in  many  six-pole  machines. 

Possible  Adjustments  for  Effecting  Successful  Parallel  Opera- 
tion— When  a  commutating-pole  generator  is  running  alone,  or 
where  it  is  operating  properly  with  other  machines  and  the  com- 
mutation is  satisfactory,  it  is  unnecessary,  of  course,  to  look  into 
this  question  of  locating  the  best  brush  setting.  In  those  cases, 
however,  where  the  machine  does  not  parallel  properly  with  others 
and  it  is  evident  that  the  brush  setting  is  wrong,  then  if  the  above 
procedure  cannot  be  followed,  a  better  brush  setting  can  be  found 
by  determining  the  voltage  characteristics  of  the  armature.  This 
can  be  done  by  operating  the  machine  with  various  loads  with  the 
series  field  winding  cut  out  of  circuit.  If,  under  this  condition, 
the  voltage  either  rises  with  increase  in  load,  or  droops  but  very 
little,  then  it  is  evident  that  a  greater  forward  lead  would  im- 
prove the  operation.     The  brushes  could  then  be  shifted  slightly 
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forward  and  the  regulation  noted.  After  a  brush  setting  has 
been  obtained  which  gives  a  considerably  larger  drop  in  the  volt- 
age, then  parallel  operation  should  again  be  tried  with  this  brush 
setting,  the  series  field  coils,  of  course,  being  connected  in  circuit. 
After  proper  paralleling  is  obtained,  then  it  may  be  necessary  to 
re-adjust  the  strength  of  the  commutating  field.  If  the  machine 
has  had  a  considerable  back-lead  before  and  is  shifted  to  the  no- 
lead  condition,  then  it  may  be  necessary  to  weaken  the  commuta- 
ting pole  winding  somewhat.  If  the  new  brush  setting,  however, 
should  correspond  to  as  much  forward  lead  as  it  had  back  lead 
before,  then  the  commutating  pole  strength  may  not  require  read- 
justment and  the  commutation  may  be  just  as  good  as  before. 
After  proper  conditions  have  been  obtained  the  brush  holder  posi- 
tion should  be  marked  to  be  readily  found,  if  necessary. 

Another  feature  wherein  a  commutating  pole  machine  is  dif- 
ferent from  the  non-commutating  pole  type,  is  in  the  amount  of 
series  winding,  as  explained  in  connection  with  the  discussion  of 
brush  position.  In  the  non-commutating  pole  type  the  brushes  are 
usually  given  a  considerable  forward  lead.  In  consequence  of  this 
lead  a  part  of  the  armature  ampere-turns  are  actually  eflfective  in 
demagnetizing  the  field,  and  extra  series  turns  are  necessary  simply 
to  overcome  this  demagnetizing  effect,  without  accomplishing  any 
useful  result. 

On  the  commutating  pole  type,  however,  witB  the  brushes  set 
properly  there  is  no  lead  at  the  brushes  and  therefore  none  of  the 
armature  turns  are  tending  to  directly  oppose  the  main  field.  In 
consequence  of  this  the  number  of  series  turns  may  be  reduced  and 
the  resistance  of  the  series  coils  is  correspondingly  reduced.  When 
operating  commutating  pole  machines  in  parallel  with  other  types 
it  may  be  necessary  to  increase  the  resistance  of  the  series  circuit 
in  order  that  the  commutating  pole  machine  may  take  its  proper 
share  of  the  current  through  the  series  coils.  This  result  is  best 
obtained,  in  general,  by  a  resistance  connected  in  series  with  the 
series  coil  and  not  by  a  shunt  connected  across  the  series  coils  of 
the  other  machines.  A  shunt  across  a  series  coil  of  one  machine 
is,  in  reality,  a  shunt  across  all  the  machines  which  are  operating 
in  parallel ;  and  it  may  be  more  effective  in  one  machine  simply  be- 
cause of  the  resistance  of  the  leads  connecting  the  various  ma- 
chines. These  statements  apply  to  other  types  of  machines  as  well 
as  to  those  with  commutating  poles. 


NOTES  ON  THE  OPERATION  AND  MAINTENANCE 
OF  FACTORY  LIGHTING  SYSTEMS 

C.  E.  CLEWELL 

ARTIFICIAL  shop  lighting  may  be  divided  into  the  three 
general  divisions  :  i — The  design  ;  2 — The  installation ;  and 
3 — The  operation  and  maintenance.  Interest  in  this  phase 
of  shop  equipment  will  most  naturally  concern  improvements  in  the 
design  together  with  better  methods  of  installing  the  lamps,  but  no 
lighting  system,  however  perfectly  designed  and  installed,  will  re- 
tain its  efficiency  and  continue  to  furnish  satisfactory  illumination 
unless  maintained  with  systematic  care  and  attention. 

Under  operation  and  maintenance  will  be  included  in  this 
article  questions  relating  to  the  supply  circuits;  economy  in  the  use 
of  carbons  for  arc  lamps ;  inspection  of  tungsten  systems ;  cleaning 
of  reflectors,  and  maintenance  records.  These  items,  while  not 
covering  the  entire  field  of  the  up-keep  of  lighting  systems,  will 
nevertheless  serve  to  indicate  some  of  the  problems  w^hich  are  in- 
volved, as  well  as  methods  of  handling  them  systematicallv  in  both 
the  small  and  the  large  factory. 

IMPORTANCE    OF    SYSTEMATIC    UP-KEEP 

To  the  average  shop  man  the  importance  of  a  systematic 
maintenance  of  factory  lighting  systems  may  not  be  evident.  Such 
matters  as  the  burning  out  of  carbon  filament  and  tunsten  lamps, 
and  the  gradual  deterioration  of  glass  and  metal  reflectors  and 
globes,  are  often  not  given  much  concern  in  the  general  shop 
economy.  In  some  cases  it  may  even  occur  that  the  lighting  system 
is  allowed  to  deteriorate  to  a  certain  state  of  equilibrium  where 
each  man  looks  after  his  own  lamp  and  the  foreman  must  send  in 
a  complaint  when  repairs  are  needed.  With  more  modern  lighting 
systems,  however,  where  the  lamps  are  usually  mounted  overhead, 
the  method  whereby  each  man  is  the  guardian  of  his  own  lamp  no 
longer  applies. 

Evidence  of  the  importance  of  a  daily  inspection  and  renewal 
of  a  system  of  tungsten  lamps,  equally  applicable  in  principle  to 
all  other  illuminants,  is  presented  in  Fig.  i,  which  shows  how  the 
renewal  of  lamps  in  one  large  factory  jumps  to  a  high  value  after 
Saturday  and  Sunday,  these  being  the  only  days  in  the  week  on 
which  no  inspection  and  practically  no  renewals  are  made.  Obvi- 
ously the  neglect  to  inspect  and  renew  promptly  all  burned  oyt 
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lan.ps  would  soon  result  in  inferior  service  and  much  loss  of  time 
to  the  workmen  with  the  consequent  annoyance.  Fig.  2  shows  the 
result  of  neglect  in  the  matter  of  regular  cleaning  of  reflectors 
which  are  used  with  tungsten  lamps.     These  curves  were  obtained 
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FIU.    I — NUMBER   OF    LAMPS    RENEWED   DAILY   IN    A    FACTORY   INSTALLATION 

Indicating  the  increase  in  renewals  after  two  days  on  which  no  inspection 
and  practically  no  renewals  are  made. 

from  tests  on  two  typical  glass  reflectors  which  had  been  in  service 
in  a  factory  for  nearly  four  months  without  being  washed.  When 
taken  down  and  tested  it  was  found  that  about  30  percent  of  the 
light  produced  was  lost  in  the  first  case  and  about  40  percent  in 
the  second,  due  to  accumulations  of  dirt  on  the  surface  of  the  glass. 
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riG.    2 — DISTRIDUTION    CURVES    OF    TWO    GLASS    REFLECTORS    BEFORE 
AND   AFTER   BEING   WASHED 

Losses  of  light  equal  to  30  and  40  percent  were  found  in  these  reflectors 
because  they  were  allowed  to  go  four  months  without  being  washed. 

Interpreted  into  money  values  the  second  case  represents  a  loss  of 
about  12  cents  for  the  period,  calculated  on  certain  practical  as- 
sumptions as  to  energy  used  throughout  this  period  of  four  months 
for  each  reflector  and  an  energy  cost  of  one  cent  per  kilowatt-hour. 
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The  total  cost  of  taking  down,  washing  and  replacing  this  re- 
flector amounted  to  three  cents,  so  that  the  economy,  not  to  speak 
of  the  greater  satisfaction  in  the  light  furnished  by  a  frequent  and 
systematic  cleaning  of  reflectors  and  globes,  is  at  once  apparent. 

THE  SUPPLY  CIRCUITS 

The  supply  circuits  for  revised  or  new  lighting  systems  must 
have  an  adequate  carrying  capacity  to  avoid  excessive  voltage 
variations  with  different  loads.  The  lighting  circuits  should  also 
be  entirely  free  from  any  power  loads  such  as  shop  motors,  elevators, 
ventilating  fans,  and  the  like.  While  new  lighting  methods  with 
more  highly  efficient  lamps  may  be  looked  to  for  a  saving  of  energy 
over  older  methods,  this  is  not  always  the  case.     Some  old  systems 
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FIG.   3— CURVE   SHOWING   THE  LIGHTING   LOAD   IN   A   TYPICAL  FACTORY   SYSTEM 

Indicating  the  great  variation  of  the  load  on  the  supply  circuit  from  time 


provided  so  little  light  that  an  equal  amount  of  power  is  required 
with  improved  and  more  highly  efficient  lamps  in  order  to  insure 
the  requisite  increase  of  light  to  secure  the  best  results,  and  in 
some  cases  even  more  energy  will  be  required  by  the  new  system 
than  by  the  old.  For  these  reasons  the  supply  circuits  as  well  as 
transformer  capacity  should  be  given  careful  consideration  when 
new  systems  are  contemplated  as  substitutes  for  old  systems,  and 
the  best  results  w'ill  be  possible  only  when  the  circuits  are  of  suf- 
ficient size  to  permit  of  wide  variation  in  the  number  of  lamps  in 
use  with  a  small  variation  in  voltage.  Fig.  3  shows  the  variation  in 
the  extent  to  which  lamps  are  used  from  day  to  day  in  a  large 
tungsten  installation. 
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ECONOMY  IN  THE  USE  OF  ARC  LAMPS 

A  first  consideration  when  installing  arc  lamps  in  a  factory  is 
their  accessibility.  Arc  lamps  should  never  be  installed  so  as  to  be 
inaccessible  for  trimming  and  general  maintenance  and  this  feature 
should  be  given  weight  when  laying  out  the  system,  as  the  con- 
venient location  of  lamps  at  the  outset  will  obviously  go  far  to  pro- 
mote a  low  maintenance  cost. 

One  of  the  problems  which  confronts  the  lamp  department  in 
large  factories  is  the  waste  of  carbons,  resulting  from  lamps  which 
are  trimmed  before  the  carbons  are  entirely  consumed.  This  is,  of 
course,  particularly  the  case  where  large  numbers  of  short  burning 
arc  lamps  are  in  service.     A  practical  method  of  checking  up  and 


FIG.  4 — HOLDERS  AND  PANS  FOR  REDUCING  WASTE  OF  CARBONS 

reducing  this  waste  consists  in  providing  a  carbon  holder  for  each 
trimmer.  When  the  trimmer  starts  on  his  round  one  of  these 
holders  filled  with  carbons  is  taken,  and  as  the  lamps  are  trimmed 
the  short  carbons  are  returned  to  this  holder.  On  reaching  the 
lamp  department,  this  holder  containing  only  a  few  unused  car- 
bons and  the  remnants  of  the  used  carbons  which  have  been  taken 
from  the  newly  trimmed  lamps,  is  turned  into  the  storeroom. 
These  short  pieces  of  carbon  are  emptied  by  the  storeroom  clerk 
into  pans  and  are  inspected  each  day  by  the  lamp  foreman,  who  is 
thus  enabled  to  detect  any  carelessness  on  the  part  of  the  trimmer. 
The  carbon  holders  together  with  the  pans  on  the  shelves  into 
which  the  short  carbons  are  emptied  are  shown  in  Fig.  4,  each  pan 
being  given  the  check  number  of  the  trimmer  to  whom  it  belongs. 
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THE  INSPECTION    SYSTEM 

In  a  factory  where  nearly  loooo  tungsten  lamps  are  in  service, 
it  has  been  found  necessary  to  develop  a  system  of  inspection  and 
prompt  renewal  of  all  burned-out  lamps.  In  this  factory  all  the 
lamps  are  inspected  once  per  day  except  on  Saturday,  which  is  a 
half-holiday,  and  Sunday.  The  inspectors,  following  a  definite 
route,  note  all  burned-out  lamps,  together  with  such  other  items 
as  lamps  whose  candle-power  has  deteriorated  due  to  the  life  limit 
of  the  lamp,  missing  lamps,  broken  switches,  loose  or  burned-out 
fuses,  and  the  like. 

Considerable  judgment  must  be  exercised  in  the  detection  of 
lamps  which  have  deteriorated  in  candle-power  due  either  to  ac- 
cumulations of  dust  or  to  the  natural  life  liniit.  A  tungsten  lamp 
which  appears  only  slightly  dusty  may  have  suffered  a  deterioration 
of  relatively  large  amount,  hence  they  should  not  be  allowed  to  get 
excessively  bad  before  being  cleaned  or  renewed.      Similarly,   re- 
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FIG.    5 — TYPICAL    INSPECTION    REPORT    FOR    TUNGSTEN    LAMPS,    IN    DUPLICATE 

The  diagram  at  the  left  shows  the  form  as  it  is  made  out  by  the  inspec- 
tor and  sent""  out  to  the  renewal  man.  At  the  right  is  the  same  form  as  it  is 
returned  with  his  notations. 

flectors  suffer  a  large  depreciation  of  their  reflecting  efficiency  due 

to  dust  and  dirt  even  before  this  can  be  readily  detected  by  the  eye. 

Careful  attention,  therefore,  should  be  given  to  the  reporting  of 
those  locations  where  it  appears  that  reflectors  are  in  need  of  wash- 
ing, even  if  there  is  some  question  in  the  mind  of  the  inspector,  at 
least  until  such  time  as  a  regular  chart  or  schedule  of  cleaning  is  in 
force.  It  should  always  be  remembered  in  work  of  this  kind  that 
one  lamp  burned  out,  or  one  very  soiled  reflector,  may  aft'ect  the 
work  of  a  n^an  whose  loss  in  time  due  to  the  poor  light  may  be 
worth  many  times  the  cost  of  a  new  lamp,  or  the  washing  of  a 
reflector. 

The  inspectors  start  on  their  rounds  early  in  the  day  and  upon 
their  return  to  the  office  a  report  is  made  up  like  that  shown  in 
typical  form  in  Fig.  5   (a),  this  report  being  sent  to  the  lamp  de- 
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partment  as  early  in  the  day  as  possible,  usually  about   11   A.M. 
The  locations  of  the   lamps   to  be   renewed  are  indicated   by   the 
department  concerned  and  by  the  numbers  of  the  columns  between 
which    the    lamps    are    located. 
Upon  the  receipt  of  this  report 
by  the  lamp  department,  a  clerk 
turns   over   the    lamps    required 
for  renewals  to  the  renewal  men, 
after    marking    the    department 
and  column  numbers  on  the  lamp 
boxes.     In  this  way  the  lighting 
installations    are    kept    in    good 
shape  from  day  to  day.    It  is  ob- 
viously   important    to    facilitate 
this   reneA\'al   work  ])v  a  clearly 


FIG.  6 TRUCK  FOR  HANDLING  REFLEC- 
TORS AND  METHOD  USED  IN  REPLAC- 
ING SOILED  WITH  CLEAN  REFLECTORS 
FROM    A  LADDER 

understood  marking  of  the  exact 
location  in  which  burned-out 
lamps  are  to  be  found.  To  this 
end  it  has  been  found  helpful  to 
number  all  columns  throughout 
the  factory. 

This  inspection  report  is  very 
useful  as  an  indication  of  the 
maintenance  costs  from  month 
to  month.  For  this  purpose  the 
report  showai  in  Fig.  5  (a)  is 
sent  to  the  lamp  department  in 
duplicate.  After  the  renewals  have  been  completed  the  duplicate 
shown  in  Fig.  5  (b)  is  returned  to  the  recording  office  with  all  cor- 
rections marked  thereon,  showing  lamps  which,  although  reported 


FIG.  7 — METHOD  OF  USING  HAND 
RACKS  FOR  CARRYING  REFLEC- 
TORS TO  AND  FROM  SMALL  IN- 
STALLATIONS 
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as  burned  out,  were  found  O.  K.,  perhaps  on  account  of  being  loose 
in  the  socket,  or  on  account  of  a  defective  fuse.  This  corrected 
dupHcate  is  then  made  the  basis  of  a  monthly  maintenance  record, 
as  far  as  the  number  of  renewed  lamps  is  concerned. 

Another  feature  of  this  system  is  the  inspection  of  lamps  left 
burning  when  not  needed.  This  is  helpful  now  and  then  during 
the  noon  hour  and  after  the  factory  is  closed  as  a  check  on  the 
care  which  is  being  exercised  in  turning  out  lamps  when  not  re- 
quired. If  lamps  are  found  burning  in  a  section  when  no  one  is  at 
work,  a  note  is  sent  to  the  head  of  the  section,  calling  attention  to 
the  matter. 

CLEANING  OF  REFLECTORS 

In  addition  to  the   foregoing  items   relating  to  the  inspection 


FIG.    8 — VIEW   SHOWING   METHOD  OF   CLEANING   REFLECTORS 


system,  the  inspection  men,  as  previously  stated,  report  the  re- 
flectors in  need  of  washing,  as  a  check  on  a  regular  schedule  which 
is  based  on  the  rate  of  deterioration  of  the  reflectors  due  to  dust 
and  dirt  in  the  various  locations,  as  found  by  observation  and  test. 
The  problem  of  handling  and  washing  thousands  of  glass  re- 
flectors at  frequent  intervals  is  somewhat  involved  when  the  in- 
stallations, as  in  the  case  before  referred  to,  number  nearly  500 
separate  and  distinct  systems,  covering  an  extensive  floor  space. 
The  two  methds  proposed  for  taking  care  of  this  item  were: — 
First,  to  remove  all  soiled  reflectors  to  a  central  point  for  washing; 
and  second,  to  provide  washing  stations  at  various  points  through- 
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out  the  factory  and  thus  to  locaHze  the  washing  for  certain  portions 
of  the  factory. 

In  this  particular  factory  it  was  found  best  to  centrahze  the 
washing,  removing  all  reflectors  to  one  point  for  cleaning,  on  ac- 
count of  the  complication  of  providing  facilities  at  a  number  of 
points  for  an  operation  which  would  be  intermittent.  When  an  in- 
stallation is  in  need  of  washing,  a  truck,  loaded  with  about  100  clean 
reflectors,  is  hauled  to  the  location  in  question,  where  the  soiled 
reflectors  are  taken  down  and  clean  ones  put  in  place  immediately. 
When  the  men  leave  such  a  location  with  the  soiled  reflectors,  the 

installation  is  in  good 
shape.  Such  a  truck 
and  the  method  of  ex- 
changing a  soiled  for  a 
clean  reflector  is  shown 
in  Fig.  6.  In  some  in- 
stances  the  renewal 
work  must  be  done  from 
the  top  of  a  crane,  in 
which  case  the  lamps 
and  reflectors  are  pass- 
ed out  from  a  mezza- 
nine floor,  or  are  drawn 
up  in  a  basket. 

When  the  installation 
is  small,  a  truck  is  not 
always  required,  and  in 
such  case  hand  racks, 
such  as  shown  in  Fij^.  7, 
have  been  found  useful. 
The  reflectors  are  placed  over  a  vertical  rod,  one  over  the  ot  er, 
after  which  the  handle  is  inserted  at  the  upper  end  of  the  rod. 

The  soiled  reflectors  after  being  loaded  on  the  truck  or  on  the 
hand  racks,  are  removed  to  the  central  supply  rooms  where  they 
are  washed  with  hot  water  and  soap,  as  indicated  in  Fig.  8,  which 
shows  that  the  soiled  reflectors  are  placed  on  the  right  hand  drain 
board,  the  washing  is  done  in  the  trough  at  the  center  with  scrub- 
bing brush,  soap  and  hot  w^ater,  and  the  clean  reflectors  after  being 
rinsed  in  clean  hot  water  are  placed  on  the  left  hand  drain  board 
ready  to  be  dried  with  a  cloth.     After  being  dried,  the  reflectors 
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are  wrapped  in  tissue  paper  prior  to  being  stored  on  shelves  ready 

for  further  use. 

Other  methods  have  been  given  trial,  such  as  dipping  the  soiled 

reflectors    in    diluted   acid    for   cutting   the    dirt,    washing   without 

drying  by  means  of 
a  cloth,  and  the  like, 
but  the  method  as 
just  described  has 
been  found  most 
s  a  t  i  sfactory..  The 
dust  deposited  o  n 
the  surface  of  glass 
o  r  metal  reflectors 
clings  to  the  surface 
persistently,  a  n  d  a 
scrubbing  brush 
with  soap  and  hot 
water  seems  to  be 
the  only  feasible 
method  for  t  h  e 
operation.  Reflectors 
cleaned  by  this 
m  e  t  h  o  d  present  a 
luster  almost  equal 
to  that  when  new. 

RECORDS   AND  STORAGE 

In   large  plants,    records   of   renewals   and   renewal   parts   are 
essential  so  as  to  avoid  running  out  of  certain  necessary  items  con- 
TABLE  I— TUNGSTEN  LAMP  CHART 


FIG.  10 VIEW  SHOWING  METHOD  OF  STORING  RE- 
FLECTORS AND  GLOBES  OF  VARIOUS  SIZES  AND 
TYPES 


Location 
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Ceiling 
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nected  with  the  up-keep.  Figs.  9  and  10  show  methods  of  storing 
the  lamps  and  reflectors  for  tungsten  systems  so  as  to  keep  sizes 
and  types  separate, 
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When  renewing  lamps  where  a  great  variety  of  sizes  and  types 
are  used,  the  necessity  for  accurate  charts  showing  the  type  of  lamp 


TABLE 

II— TUNGSTEN   LAMP   MAINTENANCE   RECORD  FORM 
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reflector  in  each  location  is  evident.     A  typical  form  of 
tungsten   lamps   is   shown   in   Table   I   which  provides   a 

TABLE   III— ARC   LAMP   AIAINTENANCE   RECORD   FOR). 
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venient  reference  when  requests  for  renewals  are  received  by  the 
lamp   department   between   inspection   intervals,   or   when   there   is 
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any  uncertainty  as  to  the  type  or  size  of  lamp  in  a  given  location. 
The  lamp  department  can  also  furnish  information  which  is 
very  useful  in  calculating  total  maintenance  costs  in  the  matter  of 
labor  and  material  used  for  the  various  lamps.  This  information 
can  then  be  conveniently  embodied  in  a  record  sheet,  a  typical  form 
of  which  is  shown  in  Tables  II  and  III  for  tungsten  lamps  and  for 
arc  lamps  respectively.  Information  of  this  kind  enables  the  man- 
agement of  a  factory  to  determine  from  month  to  month  the  ex- 
pense for  lighting,  and  likewise  to  compare  their  own  with  similar 
costs  of  other  concerns. 

CONCLUSIONS 

The  three  most  important  items  to  consider  in  a  new  lighting 
system  are: — 

I — The  cost  of  the  lamps  and  wiring. 

2 — The  quantity  and  quality  of  light. 

3 — The  operation  and  maintenance  cost. 

From  what  has  been  stated  it  will  be  seen  that  systematic  opera- 
tion and  maintenance  bear  a  direct  relation  to  the  economy  of  the 
lighting  systems  extending  throughout  the  service  of  the  installation. 
These  expenses  are,  therefore,  most  important  and  should  be  care- 
fully weighed  when  considering  the  first  cost  of  a  system.  Items  two 
and  three  are  very  important,  in  fact,  unusually  so  in  that  they 
refer  to  the  day-by-day  operation  of  the  system,  and  for  this 
reason  it  may  sometimes  occur  that  the  most  expensive  system  to 
install  may,  by  virtue  of  low  operation  and  maintenance  cost,  be 
the  cheapest  in  the  long  run.  It  can  also  be  seen  that  systematic 
attention  to  a  lighting  system  is  imperative,  if  the  service  is  to 
result  in  satisfaction.  A  little  calculation  will  often  result  in  the 
conclusion  that  the  outlay  for  this  phase  of  factory  maintenance 
as  a  whole  will  be  more  than  compensated  for  by  the  resulting 
improvements  in  service. 


MODERN  TENDENCIES  IN  THE  DESIGN  OF 
SWITCHBOARD  INDICATING  METERS 

PAUL  MacGAHAN 

THE  increasing  size  of  power  plants  and  the  concentration  of 
generating  and  controlling  equipment  into  small  spaces,  as 
often  required  in  large  cities,  give  rise  to  new  problems 
with  regard  to  the  equipment  of  switchboards.  The  larger  amounts 
of  power  to  be  measured,  the  greater  cost  of  switchboards,  and  es- 
pecially the  necessity  of  convenience  in  operation,  ease  of  reading 
the  instruments  and  ability  to  keep  in  touch  with  all  parts  of  the 
board  at  once,  demand  much  greater  refinement  of  design  than  was 
considered  necessary  a  few  years  ago.  Before  selecting  types  of 
meters  for  a  given  application,  their  characteristics  should  be  ex- 
amined closely  to  see  whether  they  are  the  best  possible  under  the 
conditions  which  are  to  be  met. 

COMPACTNESS 

A  compact  arrangement  of  the  controlling  apparatus  on  large 

switchboards  is  considered  an  important  element  of  modern  design, 

due  to  the  following  causes : — 

A — Cost  of  space,  particularly  in  large  cities. 

B — Reduced  attendance  required  to  manipulate. 

C — Location  in  operating  galleries. 

D — Reduced  cost  of  marble,  bus-bars,  etc. 

E — Visibility  of  all  instruments  from  point  of  operation. 

These  features  are  in  many  cases  of  predominating  importance, 
so  much  so  in  fact  that  it  is  not  unusual  to  find  that  they  have  dic- 
tated the  design  of  the  meters.  Thus  the  meters  in  some  cases  have 
been  made  to  suflfer  in  consequence  by  a  reduction  in  scale  length, 
or  by  a  change  in  form  to  a  rectangular  type  with  curved  glass, 
arranged  to  take  as  little  space  as  possible. 

It  is  the  writer's  intention  to  show  that  an  equal  reduction  in 
area  occupied  by  meters  can  be  made  through  proper  design  without 
in  the  least  reducing  the  scale  length,  and  without  having  recourse 
to  the  troublesome  features  attending  the  use  of  curved  scales  as 
in  edgewise  meters.  The  principal  types  of  switchboard  indicating 
meters  are  given  in  Table  I,  the  area  occupied  on  the  marble  or  the 
circumscribing  rectangle  being  tabulated,  together  with  the  scale 
length.  Space  in  a  horizontal  direction  is  in  general  more  valuable 
than  vertical  space;  but  to  compare  the  above  instruments  in  this 
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respect  is  not  altogether  fair  unless  a  complete  layout  is  made  of 
a  proposed  switchboard  showing  the  groupings.  The  writer  finds 
that  vertical  edgewise  meters  will  group  themselves  no  more  satis- 
factorily than  the  horizontal,  but  are  somewhat  more  desirable  due 
to  their  greater  scale  length.  This  latter  advantage  is,  however, 
offset  by  the  better  mechanical  arrangement  of  the  movement  pos- 
sible in  the  horizontal  type  compared  to  the  vertical.  Illuminated 
dial  types  have  not  been  shown  in  the  above  tabulation  due  to  the 
fact  that  their  use  is  generally  prohibited  where  compactness  or  cost 
are  considerations. 

The  seven  inch  "round  pattern"  instruments  have  not  been  con- 
sidered very  seriously  for  this  class  of  service  heretofore  on  account 
of  the  fact  that  complete  lines  including  wattmeters,  power-factor 
meters,  etc.,  have  not  been  available  and  on  account  of  their  very 
TABLE  I— COMPARISON  OF  SCALE  LENGTHS  AND  SURFACE 
COVERED 


TYPE  OF  METER 

AREA  MARBLE 

SCALE  LENGTH 

Round  Pattern  T' ^  In.  Diameter 

5S  Sq. 

In. 

ri  In.  toU'.,  In.  according  to  make 

Round  Pattern  '.t"'s  In.  Dianieterf 

no  " 

(1'4  In.  to  Ml.;  In. 

Horizoatal  Kdgewise  ti'o  In.  x    S  In. 

.')-j  " 

ti  In. 

Vertical                "           a      In.  x  LS  In.* 

51   " 

" 

12  In. 

Vertical               "           4      In.  x  18  In. 

72   " 

12  In. 

Vertical                "           .'S'.j  I"-  x  I.514  In. 

,s-  " 

12  In. 

fFront  connected,  space  including  that  taken  b}'  terminals. 
^Ammeters  and  voltmeters,  onU',  obtainable  in  this  narrow  size. 

short  scales.  These  disadvantages  have  recently  been  completely 
overcome  in  such  a  way  as  to  place  this  type  of  meter  on  an  en- 
tirely new  basis.  In  fact,  a  complete  line  of  seven  inch  round  pat- 
tern meters  is  now  available  with  scales  as  long  as  in  any  of  the 
nine  inch  types  previously  made  and,  therefore,  longer  than  those 
in  any  edgewise  types  available.  As  shown  in  the  Table  I,  the 
space  taken  up  on  the  panel,  i.e.,  a  square  enclosing  the  circle,  is 
practically  no  greater  than  in  the  edgewise  forms.  Consi:'ering 
their  freedom  fro;n  objectionable  curved  dials,  and  ease  of  reading, 
this  long  scale,  round  pattern,  seven  inch  type  appears  to  be  the 
proper  solution  of  the  problem  of  size. 

READABILITY 

Under  this  heading  should  be  considered : — Scale  length,  scale 
distribution,  form  of  scale,  reflections  from  glass,  and  illumination. 
In  a  just  comparison  of  scale  length  it  should  be  borne  in  mind  that 
if  the  longer  scale  is  in  a  larger  case,  the  distance  from  the  opera- 
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tor  must  be  increased,  thus  in  many  instances,  losing  the  advantage. 
A  basis  for  comparison  would  be  the  ratio, 

Area  marble  in  square  inches  of  circumscribing  rectang!^;; 

Scale  length  in  inches 

In  this  respect  the  principal  types  vary  as  shown  in  Table  II. 

Concerning  scale  distribution  it  is  conceded  that  a  uniformly 

spaced  scale  is  the  best.     But  such  scales  are  only  possible  in  direct- 

TABLE  II— COMPARISOX  OF  AREA  OF  PANEL  REQUIRED 
PER  SQUARE  IXCH  OF  SCALE 


TYPE  OF  METER 

S.,. 

la. 

Are 

1  of  Panel 

Required   per  Inch  Length  of  Scale 

7>H  III.  Round  Pattern  (average) 

11 

7'!/„  In.        ■•              ■•         (    latest  ) 

3.9 

9%  In.          '              "         (     best    ) 

7..') 

9%  In.        "              "         (average) 

15 

6\i  In.  X    8  In.  Horiz.    Edge. 

8.7 

4      In.  X  18  In.  Vert. 

6 

bli  In.  X  1.^'4  In.  •• 

6.S 

IlUim.  Dial                        (average  i 

Hi 

current  D'Arsonval  meters  and  in  alternating-current  wattmeters. 
All  other  alternating-current  meters  have  scale  divisions  of  varying 
lengths  in  different  parts.  In  the  case  of  ammeters  the  importance 
of  accuracy  increases  with  the  load  and  thus  proportionately  in- 
creasing scale  divisions  are  not  a  disadvantage.  If  they  increase 
according  to  a  definite  law,  such  as  when  they  are  proportional  to 
the  square  of  the  current,  they  are  more  desirable  than  if  the  divi- 

TABLE  111— COMPARISOX  OF  VOLTMETER  POINTER 
DEFLECTIONS 


RATING 

SIZE 

TYPE 

POINT 

INCHES  PER  VOLT 

150  V 

7%lu. 

Round  Pattern  (     best     )  A.  C. 

115  V 

0.16 

m  In. 

(average)  A.  C. 

0.035 

9%  In. 

1     best    )  A.  C. 

0.16 

9->8  In. 

(average)  A.  C. 

0.05 

9%  In. 

(     best     )D.C. 

0.052 

fii.;^  In.  X    8  In. 

Horizontal  Edgewise         A.  C. 

0.023 

1      In.  X  18  In. 

Vertical  Edgewise              A.  C. 

0.13 

sions  are  artifically  made  narrow  at  the  upper  part.  For  volt- 
meters, a  comparison  of  pointer  deflection  at  "normal"  voltage,  per 
volt  variation  is  useful.  Such  a  comparison  for  the  various  types 
of  instruments  is  given  in  Table  III. 

In  alternating-current  ammeters  and  voltmeters,  the  torque  is 
proportional  to  the  square  of  the  current  passing  through  the  coils, 
resulting  naturally  in  a  scale  whose  divisions  increase  according  to 
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this  relation.  There  have  been  many  attempts  to  modify  this  so 
as  to  obtain  an  approximately  uniform  scale  distribution.  Obvi- 
ously tnere  are  two  methods  to  be  considered: —  First,  mcrease 
the  torque  at  low  loads  only  and  second,  reduce  the  torque  at  high 
loads  only.  Inasmuch  as  any  increase  in  light  load  torque  would 
naturally  result  in  increased  torque  throughout  the  scale,  unless  cor- 
rective measures  were  applied  as  per  the  second  method  stated 
above,  the  latter  is  the  only  one  to  be  considered.  This  method  in 
general  consists  in  causing  the  moving    element    to    move    into  a 


-1 

Ft  8  In. ■\ 

' 

1 

r— — "^■'''- 

4  b.' 

— 1 

1 

[ 

1 

! 

1 
1 

1 
f 

' 1 

Si«  Verticil  EdgewjieMelen  (Wide  Type) 


Si»  Vertical  EdgcwUeMeterslN.rrow  Type) 


Six  Horizontal  Edegw-ise  Metei 


DIAGRAM    SHOWING   COMPARATIVE    AREAS    REQUIRED   BY   VARIOUS   TYPES   OF 
METERS   ON    SWITCHBOARD  PANELS 

weaker  field,  as  when,  in  an  electro-dynamometer  meter,  a  moving 
coil  is  allowed  to  move  so  as  to  become  more  nearly  parallel  to  the 
stationary  coil;  or  when,  in  a  moving  iron  meter,  the  moving  iron 
is  allowed  to  move  out  of  the  field  of  the  stationary  iron,  or  more 
nearly  parallel  to  the  lines  of  force  of  the  magnet  coil.  In  a  disk 
type  induction  meter  the  same  effect  is  produced  by  reducing  the 
diameter  of  the  disk  at  the  higher  load  points.  In  each  case,  the 
full-load  torque  determines  the  strength  of  the  spring  to  be  used. 
Any  such  corrective  measure  is  evidently  at  the  expense  of  a  weaker 
spring  and  thus  causes  greater  proportionate  friction  and  lower 
accuracy  throughout. 
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Due  to  the  above  considerations  the  writer  is  of  the  opinion 
that  we  can  do  no  better  in  design  than  to  let  the  scale  distribution 
follow  the  natural  law  of  the  instrument's  torque  without  applying 
corrective  measures. 

An  item  of  increasing  importance  as  affecting  readability  is 
that  of  a  proper  illumination  of  the  scale  and  the  pointer.  The 
modern  tendencies  are  to  limit  the  so-called  "Illuminated  Dial" 
meters  having  a  glass  scale  illuminated  by  a  lamp  from  the  rear, 
to  switchboards  of  a  highly  decorative  character,  and  heavy  capa- 
city direct-current  panels  whose  size  is  determined  by  the  other 
apparatus  mounted  upon  it.  Moreover,  the  rear  illumination  is  not 
of  much  value  in  a  switchboard  room  whose  general  illumination 
has  been  worked  out  upon  proper  lines.  Full  glass  front  plates, 
instead  of  metal  covers  with  slots  in  them  for  the  scales,  greatly 
improve  the  readability  by  improving  the  illumination  of  the  dial, 
and  by  allowing  the  whole  length  of  the  pointer  to  be  seen,  instead 
of  showing  only  an  "index."  This  has  been  recognized  long  ago 
in  European  practice,  nearly  all  European  meters  being  of  the  round 
pattern,  glass  front  type. 

By  proper  attention  to  the  position  of  the  illuminating  source, 
troublesome  reflections  from  flat  glass  fronts  of  meters  can  be  en- 
tirely eliminated,  a  matter  of  much  greater  difficulty  in  the  case  of 
the  curved  glass  used  in  edgewise  meters. 

APERIODICITY 

In  the  case  of  direct-current  instruments,  "critical  damping" 
is  the  best ;  that  is,  an  amount  of  damping  that  will  bring  the  pointer 
to  rest  in  the  least  time.  In  an  alternating-current  instrument  which 
may  be  placed  on  circuits  on  which  there  is  a  rhythmic  interchange 
of  current  or  of  power,  it  is  an  advantage  to  have  the  movements 
super-damped,  that  is,  make  the  damping  so  strong  as  to  consid- 
erably increase  the  time  required  for  the  pointer  to  reach  the  true 
reading.  With  super-damping  a  sudden  application  of  full-load 
will  not  cause  the  pointer  to  swing  past  the  true  reading,  or  collide 
with  the  stops.  Very  light  weight  movements,  due  to  their  quick 
natural  period,  are  particularly  susceptible  to  this  pumping  action 
when  on  alternating-current  circuits,  whereas  heavier  movements 
which  are  super-damped  tend  to  integrate  the  flunctuations.  giving 
a  reading  of  average  value. 

Owing  to  the  comparatively  long  and  heavy  pointers  in  edge- 
wise meters,  the  damping  cannot  be  made  as  satisfactory  as  in  round 
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pattern  meters.  Another  advantage  which  super-damping  gives  to 
alternating-current  meters  is  the  protection  afforded  during  short- 
circuits.  The  movement  is  slowed  up  sufficiently  to  greatly  reduce 
the  shock.  It  should  be  remembered  that  in  ammeters  whose  torque 
is  proportional  to  the  square  of  the  current,  the  effect  of  sudden 
overloads  is  much  more  serious  than  in  D'Arsonval  meters  whose 
torque  only  increases  with  the  first  power  of  the  current. 

RUGGEDNESS SIMPLICITY ACCESSIBILITY 

It  is  important  to  distinguish  between  the  qualities  which  make 
for  that  great  refinement  of  accuracy  necessary  in  laboratory  instru- 
ments and  the  quality  of  ruggedness  which  is  surely  of  greater  im- 
portance when  considering  meters  for  switchboard  service.  Thus 
for  switchboard  service  it  is  evidently  more  desirable  to  have  in- 
struments which  will  stay  correct  within  say  two  percent,  and  on 
which  an  initial  accuracy  greater  than  one  percent  is  not  obtainable, 
than  to  install  meters  designed  upon  laboratory  lines  whose  initial 
accuracy  can  be  made  much  higher  but  which  will  not  retain  an 
accuracy  within  two  percent  after  severe  service.  It  is  to  a  large 
extent  true  that  from  a  design  point  of  view,  high  accuracy  and 
ruggedness  are  antagnoistic  elements  between  which  it  is  the  prob- 
lem of  the  designer  to  properly  compro  nise.  Movements  should 
be  only  as  light  in  weight  as  is  consistent  with  strength  to  with- 
stand severe  service,  but  should  not  be  heavy  enough  to  damage  the 
jewels.  As  proved  by  watthour  meter  practice  the  jewels  will  not 
suffer  appreciable  deterioration  with  a  12  gram  moving  element, 
especially  if  the  weight  is  supported  on  two  jewels,  the  shaft  being 
horizontal.  Thus  there  is  very  little  to  be  gained  so  far  as  the 
bearings  are  concerned  by  further  reducing  the  weight  at  the  ex- 
pense of  strength.  Lighter  movements  are  exceedingly  difficult  to 
handle  or  repair. 

Simplicity  is  a  feature  closely  allied  to  ruggedness.  In  order 
to  obtain  a  very  simple  moving  element,  much  can  be  sacrificed  if 
necessary,  in  the  simplicity  or  cost  of  the  stationary  element. 

Accessibility  of  all  parts  is  of  great  importance  fro  n  an  opera- 
ting point  of  view.  It  is  an  advantage  to  be  able  to  get  at  the  whole 
mechanism  without  removal  from  the  switchboard.  If  the  "moving 
element"  complete  with  its  bearings  can  be  removed  as  a  unit  with- 
out disturbing  other  parts,  such  as  permanent  magnets,  etc.,  it  will 
be  found  to  be  a  great  advantage  in  making  repairs  or  re-adjust- 
ment. 
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A  construction  that  is  less  rugged  than  any  other,  and  there- 
fore perhaps  least  desirable  for  switchboard  work  is  the  moving 
coil  electro-dynaiVxOmeter  type,  with  flexible  connections  of  great 
delicacy.  These  instruments  are  as  a  class  deficient  in  to/que, 
their  sole  advantage  being  high  initial  accuracy  of  calibration. 

ACCURACY 

Modern  generating  equipments  comprising  large  units,  genei- 
ally  turbine  driven,  have  resulted  in  a  re-adjustment  of  the  com- 
parative importance  of  the  different  kinds  of  electrical  errors  to 
which  indicating  meters  are  subject.  Thus  the  frequency  of  a 
modern  plant  does  not  usually  vary  more  than  one  cycle  from  nor- 
mal and  therefore  frequency  errors  in  meters  are  less  important, 
whereas  formerly  this  was  one  of  the  great  sources  of  error.  On 
the  other  hand,  due  to  the  handling  of  larger  currents  and  higher 
potentials,  the  external  magnetic  field  and  also  electrostatic  effects 
are  greatly  increased.  The  tendency  has  rightly,  therefore,  been, 
toward  designs  which  are  not  greatly  influenced  by  external  fields 
instead  of  to  those  not  influenced  by  frequency  errors.  This  prob- 
ably explains  why  certain  large  companies  in  this  country  anl 
abroad  have  preferred  the  induction  type  design  to  all  others,  as  a 
basis  for  their  manufacture  of  alternating-current  switchboard  in- 
struments, as  it  is  well  known  that  these  instruiients  are  especially 
free  from  external  field  influences.  Xor  are  they  as  deficient  as  is 
often  assumed  when  it  comes  to  a  frequency  error.  Induction  type 
ammeters  and  voltmeters  having  an  error  of  'ess  than  one-twentieJi 
of  one  percent  per  cycle  are  now  obtainable;  thus  the  error  due  to 
this  cause  in  a  modern  plant  would  not  be  noticeable. 

Moving  iron  and  moving  coil  instruments  although  practically 
free  from  frequency  errors  are  extremely  subject  to  external  mag- 
netic field  effects,  and  the  best  practice  is  to  insert  heavy  shields  of 
laminated  iron  within  the  cases  to  overcome  this  eft'ect.  Without 
such  shields,  the  sheet  iron  cases  quickly  get  saturated  by  an  ex- 
ternal magnetic  field  of  relatively  small  strength  after  which  their 
further  shielding  eft'ect  ceases.  Their  light  torque  also  causes  the  n 
to  be  very  susceptible  to  external  electrostatic  effects,  which  gener- 
ally manifest  themselves  by  attracting  the  pointers  toward  the  glass 
or  case,  thus  causing  errors.  It  should  be  noted  that  moving  coil 
meters  have  an  advantage  over  moving  iron  types  in  being  influ- 
enced only  by  external  fields  of  the  same  frequency ;  whereas  mov- 
ing iron  meters  are  affected  by  both  alternating-current  and  direct- 
current  strav  fields. 
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Permanent  magnet  instruments  when  in  soft  iron  cases  have 
but  a  slight  error  due  to  external  fields,  but  if  subjected  to  the 
excessive  fields  which  are  often  present  when  short-circuits  occur, 
may  lose  a  portion  of  the  permanent  magnet  strength  and  thus  suf- 
fer a  permanent  change  in  calibration.  This  can  only  be  guarded 
against  by  keeping  the  meters  away  from  the  bus-bars,  a  good  rule 
being  that  the  meters  should  not  be  nearer  in  inches  to  any  bus-bar 
than  one-fifth  of  the  square  root  of  the  maximum  load  current  in 
the  bus-bar. 

Temperature  errors  in  instruments  are  important.  The  varia- 
tions in  the  temperature  at  the  switchboard  may  be  normally  -{-  or 
—  15  degrees  C.  which  would  produce  considerable  error  in  an  in- 
strument not  properly  designed.  A  temperature  error  of  one-half 
of  one  percent  for  15  degrees  C.  variation  should  be  satisfactory. 
Alternating-current  instruments  of  either  induction,  moving  coil  or 
moving  iron  types  and  direct-current  voltmeters  of  the  D'Arsonval 
type  are  readily  obtainable  whose  temperature  errors  are  within 
these  limits.  The  temperature  errors  in  shunted  type  direct-current 
ammeters  are  generally  conceded  to  be  somewhat  more,  the  error 
being  accepted  so  as  to  avoid  the  alternative  of  heavy  losses  due  to 
high  resistance  shunts. 

Self  heating  errors,  due  to  change  in  resistance  caused  by  the 
heat  liberated  in  the  meters  themselves,  although  not  so  important 
on  meters  which  are  left  continuously  in  the  circuit  and  thus  soon 
reach  their  working  temperature,  should  nevertheless  be  avoided. 

Ratio,  Torque  Divided  by  Weight — The  mechanical  sources  of 
errors  in  switchboard  instruments  are  probably  of  greater  import- 
ance than  purely  electrical  errors,  as  the  causes  which  lead  to  them 
also  reduce  the  useful  life  of  the  instrument,  and  greatly  increases 
the  errors  with  usage  an4  time.  Those  instruments  that  have  the 
highest  ratio  of  torque  over  weight  of  movement  will  have  the 
greatest  accuracy  and  longest  life,  if  equivalent  in  other  respects. 
In  the  writer's  opinion  the  minimum  satisfactory  value  for  this 
ratio,  in  a  switchboard  indicating  meter  is  0.15  when  torque  is  ex- 
pressed in  centimeter-grams,  and  weight,  in  grams.  This  value  can 
of  course  be  made  much  lower  for  laboratory  types  of  instruments. 

PRINCIPLES  OF  OPERATION 

It  is  conceded  universally,  that  for  direct-current  ammeters  and 
voltmeters  the  D'Arsonval,  permanent  magnet  construction  is  the 
best.     When  such  meters  are  designed  with  movements  which  can 
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readily  be  removed  without  first  disturbing  the  magnetic  circuit  by 
removal  of  the  pole  pieces,  they  cannot  be  excelled  for  this  class 
of  service. 

For  alternating-current  service,  the  three  principles  of  opera- 
tion found  in  the  best  instruments  are  as  follows : 

Mazing  Iron  Electro-Magnetic  Type — Good  initial  accuracy  of 
calibration.  Approximate  freedom  from  frequency  and  tempera- 
ture errors.  Ratio  of  torque  to  weight — low.  Some  makes  too 
delicate.  Easy  to  repair.  Subject  to  both  alternating-current  and 
direct-current  external  fields  unless  heavily  shielded.  Short  scale 
length. 

Moving  Coil  FJcctro-Dynamomctcr  Type — Highest  in  initial 
accuracy  of  calibration  and  freedom  from  errors  due  to  frequency 
and  temperature.  Ratio  of  torque  to  weight — low.  Delicate.  Dif- 
ficult to  repair.  Subject  to  external  fields  of  same  frequency  un- 
less heavily  shielded  by  internal  laminated  iron  shields.  Short 
scale  length. 

Induction  Type — Good  initial  and  continued  accuracy.  Ratio 
of  torque  to  weight — very  high.  Rugged  and  simple  movements. 
Easy  to  repair.  Extremely  long  scales  and  high  readability.  Fre- 
quency errors  greater  than  in  moving  coil  or  moving  iron  types. 
External  field  errors  only  due  to  fields  of  same  frequency,  in  cer- 
tain directions,  and  are  slight. 

In  choosing  instruments  for  alternating-current  switchboard 
service  due  consideration  should  be  given  to  the  relative  advantages 
of  the  three  types  as  outlined  above.  It  is  often  advisable  for  the 
purchaser  to  make  competitive  examinations  and  tests  of  the  best 
meters  of  the  various  types  before  deciding  which  to  use.  In  judg- 
ing the  results  of  such  tests  too  much  stress  must  not  be  laid  upon 
initial  accuracy,  as  the  effect  of  the  qualities  which  conspire  to  re- 
duce the  accuracy  and  life  in  actual  service  are  most  important  as 
a  basis  for  the  best  comparisons.  Nor  must  high  finish  be  con- 
fused with  the  quality  of  good  workmanship.  This  last  considera- 
tion is  one  of  which  it  is  very  difficult  for  any  one  not  an  expert 
in  meter  practice  to  judge,  except  through  the  actual  results  ob-- 
tained  in  service. 


DOUBLE  VOLTAGES  IN  CIRCUITS  HAVING  CAPAC- 
ITY AND  INDUCTANCE 

H.  B.  DWIGHTandC.  W.  BAKER 

THE  experience  of  observing  a  new  electrical  phenomenon 
was  recently  accorded  those  present  in  a  generating 
station  while  a  2  400  volt  generator  was  being  tested  for 
grounds  by  the  rather  common  expedient  of  placing  a  voltage 
transformer  and  voltmeter  between  one  generator  terminal  and 
ground.  The  operator  read  3  600  volts,  which  he  knew  to  be  a 
"phantom  ground".  He  was  much  surprised  on  repeating  the  test 
on  the  same  terminal  to  obtain  only  i  400  volts,  and  on  making  a 
number  of  repetitions,  he  obtained  sometimes  one  reading,  and 
sometimes  the  other.  In  the  present  article  these  erratic  voltages, 
for  lack  of  a  better  name,  are  called  "double  voltages". 

That  double  voltages  are  a  serious  source  of  danger,  and  not 
a  mere  theoretical  curiosity,  is  plainly  shown  by  the  experience  at 
the  above  mentioned  generating  station,  for  after  the  peculiar  volt- 
ages had  been  observed  several  times,  the  generator  broke  down 
to  ground.  After  being  repaired  and  connected  to  the  line, 
the  test  for  grounds  was  again  made.  The  double  voltages  were 
observed  once  more,  and  immediately  another  generator  which  was 
in  parallel  with  the  first,  became  grounded.  The  insulation  of  all 
the  machines  was  now  found  to  be  in  a  weakened  condition  and 
in  the  next  fortnight  practically  all  the  generators  in  this  large  hy- 
draulic power  plant  broke  down,  and  much  expense  and  hardship 
was  caused  in  three  cities  which  were  thereby  deprived  of  their 
power  supply  for  extended  periods  of  time. 

It  is  important  to  understand  the  cause  of  this  dangerous  phe- 
nomenon and  how  to  avoid  its  occurrence,  as  the  conditions  giv- 
ing rise  to  it  are  liable  to  occur  in  almost  any  electric  power  sta- 
tion. It  has  been  observed  in  connection  with  many  different  gen- 
erators, from  those  of  the  largest  size  down  to  machines  of  only 
100  kilowatts. 

The  connections  for  an  ordinary  test  for  grounds  on  an  alter- 
nating-current generator  are  indicated  in  Fig.  i.  The  generator 
is  run  at  no  load  and  normal  voltage,  and  the  charging  current  due 
to  the  capacity  (condenser  effect)  of  the  generator  windings  flows 
through  the  voltmeter  and  registers  a  "phantom  ground."       If  a 


DOUBLE  VOLTAGES  IN  CIRCUITS 


1 103 


voltage  transformer  and  voltmeter  are  used,  as  in  Fig.  2,  the 
phantom  ground  will  still  be  observed,  unless  the  transformer  is 
too  large.*  The  conditions  are,  in  efifect,  as  shown  in  the  simple 
circuit  of  Fig.  3. 

When  the  transformer  is  of  a  certain  size  compared  with  the 
generator,  double  voltages  may  be  registered  by  the  voltmeter. 
Both  values  of  voltage  are  consistent  with  the  properties  of  the 
circuit,  and  may  be  calculated  when  the  electrostatic  capacity  of 
the  generator  windings  to  ground,  and  the  magnetizing  current  and 
iron  loss  current  of  the  transforner  at  various  voltages,  are  known. 
It  is  impossible  to  tell  which  of  the  two  voltages  will  be  regis- 
tered, as  this  depends  on  the  part  of  the  generator  voltage  wave 
at  which  the  circuit  is  closed. 

The  cause  of  the  phenomenon  will  be  evident  from  a  brief 
analysis  of  the  fundamental  conditions  involved.  In  any  electrical 
circuit    the    current    flowing    is    such    that    the  vector  sum  of  the 


Fig.  1  Fig-.  2  Fig-.  3 

counter-e.m.f's.  set  up  by  it  in  the  respective  parts  of  the  circuit 
is  equal  to  the  e.m.f.  impressed.  It  is  well  known  that  wdien  cur- 
rent flows  in  an  inductance  and  a  non-inductive  resistance  in 
series,  the  voltage  across  the  resistance  is  in  phase  with  the  cur- 
rent, while  the  voltage  across  the  inductance  is  out  of  phase  with 
the  current,  and  hence  the  two  voltages  are  out  of  phase.  Then 
the  numerical  sum  of  the  two  voltages  as  measured  individually 
w^ill  exceed  the  total  as  measured  by  a  voltmeter  across  the 
two  elements.  Likewise,  when  a  condenser  and  a  resis- 
tance are  in  series,  the  numerical  sum  is  greater  than  the  actual 
resultant.  It  is  also  greater  when  an  inductance  and  a  capacity 
are  in  series.  As  the  counter-e.m.f's.  of  inductance  and  capacity, 
(each  assumed  to  be  without  resistance)  are  exactly  opposite  in 
phase,  the  resultant  counter-e.m.f.  of  the  circuit  is  the  nu  nerical 
difference  of  the  counter-e.m.f's.  of  the  two  parts. 

The  vector  diagrams   for  a  circuit    consisting    of    inductance 


*This  effect  was  discussed  by  Mr.   S.   M.   Kintiier  in  the  Journ.\l  for 
March,  1906,  p.  176. 
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and  capacity  in  series  are  given  in  Fig.  4  (a)  and  (b),  in  which 
E  represents  the  vohage  impressed  on  the  circuit,  E^,  the  counter- 
e.m.f.  across  the  inductance,  and  SIo,  the  counter-e.m.f.  across  the 
capacity.  The  current  h  is  in  quadrature  with  both  E^  and  SIo- 
At  (a)  is  shown  the  case  where  the  inductive  reactance  is  greater 
than  the  capacity  reactance,  and  at  (b)  the  case  where  it  is  less. 
If  E^  is  now  considered  to  be  the  counter-e.ni.f.  of  an  inductance 
which  has  a  small  amount  of  resistance,  the  diagrams  are  as  in 
Fig.  4  (c)  and  (d).  The  current  /„  is  no  longer  in  exact  quad- 
rature with  the  voltage  E^  but  is  slightly  nearer  in  phase  with  it,  as 
true  energy  is  now  being  expended,  w^iile  5"/„  is  in  exact  quadra- 
ture with  Jo,  and  so  has  advanced  in  phase  in  relation  to  E^. 

A  voltage  transformer  produces  the  same  counter-e.m.f.  in  a 
circuit    as    an    inductance    in    series    with  a  comi)aratively    small 
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amount  of  resistance.  A  voltage  transformer  in  series  with  a  con- 
denser is  shown  in  Fig.  3,  and  the  vector  diagrams  for  this  circuit 
are  given  in  Fig.  5  (a),  (b)  and  (c),  which  are  seen  at  once  to 
be  the  same  as  Fig.  4  (c)  and  (d).  The  current  A,  is  partly  in  phase 
with  the  voltage  £,,  as  it  nuist  expend  true  energy  in  supplying  iron 
loss  and  voltmeter  loss,  llie  two  cases,  which  in  Fig.  4  repre- 
sented a  large  and  a  small  inductive  reactance,  are  also  shown  in 
Fig.  5.  The  phenomenon  of  double  voltages  depends  on  the  fact 
that  both  these  cases  can  be  produced  by  the  same  transformer, 
first,  when  the  iron  core  is  magnetically  unsaturated,  and  second, 
when  it  is  saturated.  Fig.  5  (a)  and  (b)  represent  an  unsatur- 
ated transformer  which  has  a  comparatively  large  voltage  /^i  for 
a  small  current  /„,  and  which  is  therefore  equivalent  to  a  large 
inductance.     The   same  circuit   with   the  transformer  highly   satu- 
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rated  is  represented  in  Fig.  5  (c),  when  /„  is  nuich  larger  in  pro- 
portion to  E^  and  so  the  transformer  is  equivalent  to  a  low  in- 
ductance. 

The  vector  diagrams  of  Fig.  5  which  have  been  shown  to  ap- 
ply to  the  circuit  in  Fig.  3,  all  give  the  following  relation: — 
E==  (E,  — SI^)  =  +S=1^= 
in  which, 

E  =  Impressed  'e.m.f. 
£,  :=  Voltage  across  the  transformer 
I ^  =  Magnetizing  or  wattless  component  of  current 
/     =  Power  component  of  current 
S  =  Capacity  reactance  of  condenser. 
In   practical   casts   this    formula  will   be   subject   to  the   limitation 
tliat  neither  the  current  nor  the  voltage  of  the  circuit  will  be  true 


'"       (a) 


sine  waves,  and  cannot  strictly  be  represented  by  a  vector  dia- 
gram. This  is  due  to  the  fact  that  a  condenser  in  a  circuit  ex- 
aggerates any  slight  variations  from  a  true  sine  wave  which  there 
may  be  in  the  original  generator  wave  form.  However,  no  very 
great  error  is  made  by  assuming  that  the  current  and  e.m.f.  of  the 
circuit  can  be  represented  by  equivalent  sine  waves. 

The  same  relation  which  was  found  for  the  circuit  of  Fig.  3 
exists  for  the  three-phase  generator  circuit  in  Fig.  2,  if  E  is  equal 
to  the  star  voltage  of  the  generator  (from  line  to  neutral),  and  6" 
is  the  capacity  reactance  of  all  three  phases  of  the  generator  wind- 
ings. This  is  shown  as  follows :  Let  P  be  the  voltage  from  the 
neutral  point  N  to  ground.  The  average  voltage  at  any  instant 
applied  to  each  phase  of  the  windings,  considered  as  a  condenser 
of  3  S  ohms  capacity  reactance,  is  the  vectorial  sum  of : — 

P  and  ^  E  for  phase  i 

P  and  J/2  E  cos  120  degrees  for  phase  2 

P  and  K'  E  cos  240  degrees  for  phase  ^ 
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The  total  charging  current,  then,  is : — 

3P  I  P 

I„  = combined   with X  ^  E(i  —  ><  —  ;^4)  = — 

3S  3S  S 

The  resuhant  of  the  three  components  of  E  at  120  degrees  to  one 
another  will  always  he  zero ;  hence.  P  =  SI^. 

Thus  the  vector  diagrams  of  Fig.  5  apply  exactly  to  the  case 
of  a  generator  tested  for  grounds  by  means  of  a  meter  trans- 
former. The  voltages  E^,  across  the  transformer,  and  5/o,  be- 
tween N  and  ground,  are  balanced  by  E.  the  star  voltage  of  the 
generator. 

Let  V  be  the  resultant  of  E^  and  SIo,  wdiich  acts  under  steady 
conditions    as  a  counter-e.m.f.    to    the    generator    star    voltage  E. 
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Then,  if  it  be  assuined  that  the  current  and  e.n.f's.  can  be  repre- 
sented by  simple  harronic  (sine)  waves,  the  following  equation 
will  be  obtained  : — 

V  =  V 7e,  —  si.o^^'s^  il 

A'alues  of  the  resultant  counter-e.m.f.  V  as  obtained  from  this 
equation  are  plotted  in  Fig.  6  against  values  of  /„.  for  a  particu- 
lar test  in  which  a  2200/110  volt  voltage  transformer  was  used  in 
connection  with  a  i  250  k.v.a.  2  200  volt  three-phase  generator, 
having  an  equivalent  capacity  reactance  of  26  500  ohms.  The 
curves  for  1^,1  ,  and  /„  of  the  transformer  are  given  in  Fig.  7. 
The  effect  of  capacity  and  inductance  in  the  circuit  is  to  cause  a 
marked  dip  in  the  curve  of  V  in  Fig.  6.  This  is  accounted  for  by 
the  minus  sign  in  the  equation.  The  curve  shows  that  there  are 
three  values  of  L,  namely,  P,  0,  and  R,  which  satisfy  the  condi- 
tion tliat   the  vectorial   sum   of   the  counter-e.m.f's.   of   inductance 
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and  capacity  shall  be  equal  to  the  generator  star  voltage  which  is 
I  270  volts.  The  vector  diagrams  for  these  three  cases  are  Fig.  5 
(a),   (b)   and   (c). 

On  closing  a  circuit  of  this  kind,  which  has  capacity  and  in- 
ductance, transitory  current  oscillations  are  set  up,  the  amplitude 
of  which  depends  on  the  point  of  the  impressed  e.iv.f.  wave  at 
which  contact  is  made.  The  frequency  of  the  oscillations  is  such 
that  the  total  e.m.f.  in  the  circuit  due  to  them  is  always  zero.  In 
other  words,  the  frequency  of  these  oscillations  depends  on  the 
natural  period  of  the  circuit.  A  current  at  the  generator  fre- 
quency will  flow  at  the  same  time,  such  as  to  produce  a  counter- 
e.m.f.  of  capacity  and  inductance  which  will  balance  the  impressed 
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voltage.     Thus  the  resultant  wave  form  is  greatly  distorted  at  .first 
from  the  value  which  it  finally  takes. 

As  the  transitory  oscillations  die  out,  the  current  takes  a 
steady  wave  form  at  the  generator  frequency,  and  then  adjusts^ 
itself  to  one  of  the  three  values,  P,  Q,  or  R.  At  this  stage,  if  /ot 
is  just  below  the  value  P.  E  will  increase  it.  If  h  is  just  abotfe' 
P.  the  resultant  counter-e.m.f.  F,  which  corresponds  to  eq'MlP* 
brium  at  that  value  of  exciting  current,  is  greater  than  E',"^fiS' 
this  will  cause  L  to  drop  to  P.  Thus  conditions  are  stable  at  P:- 
The  same  is  true  at  R.  The  corresponding  values  of  E^  are -X^ 
and   Y,  the  double  voltages  observed.  ■       '"-^ 

No  voltage  is  observed  corresponding  to  0,  because  this  point 
represents  unstable  equilibrium.  If  /„  is  at  any  time  a  little | 
greater  than  Q,  V,  the  counter-e.m.f.  for  stable  conditions'  at  this^ 
value  of  exciting  current,  is  less  than  E,  and  /„  increases   io'R} 
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Similarly,  if  /„  is  just  less  than   0,   V  is  greater  than  E,  and   so 
/o  is  reduced  to  P. 

The  capacity  reactance,  S,  was  measured  by  connecting  a  volt- 
meter as  in  Fig.   i,  using  the  formula: — 

P  =  E-^  (R~  +  S-) 
where,  /  is  the  voltmeter  current,  R,  the  voltmeter  resistance,  and 
E,  the  generator  star  voltage.  This  method  of  finding  the  capa- 
city reactance  was  checked  by  applying  an  external  voltage  be- 
tween ground  and  the  winding  t:)f  the  generator  while  at  standstill, 
and  measuring  the  charging  current.  The  same  value  of  i"  was 
obtained  by  both  methods.  The  values  of  the  various  quantities 
observed  during  the  test  were  in  close  agreement  with  those  cal- 
culated from  the  curves  of  Fig.  7. 

A  few  practical  hints  may  be  useful  to  those  who  would  wish 
to  observe  this  phenomenon  of  double  voltages.  Comiect  up  a 
generator  and  transformer  as  in  Fig.  2.  Start  with  a  low  gener- 
ator voltage  and  gradually  raise  it.  without  breaking  the  contact 
to  ground.  Tabulate  J\,  the  generator  star  voltage,  and  E^,  the 
iransformer  voltage ;  V  can  be  taken  as  high  as  its  maximum 
point,  just  above  P  in  Fig.  6,  and  then  the  needle  of  the  trans- 
former voltmeter  will  suddenly  swing  across  to  a  value  on  the 
curve  above  Y.  The  generator  voltage  should  now  be  adjusted 
to  a  little  below  this  point.  Make  contact  to  ground  a  number 
of  times  with  a  sharp  tap,  and  sometimes  a  low  voltage  will  be 
observed ;  sometimes  a  high  one.  Precaution  should  be  taken 
against  receiving  a  shock,  as  the  voltages  in  such  circuits  are  often 
much  higher  than  anticipated. 

When  double  voltages  are  observed  on  a  generator,  the  volt- 
age between  neutral  and  ground  is  STo  as  in  Fig.  5.  This  is  ap- 
proximately equal  to  the  transformer  voltage  plus  the  star  voltage. 
However,  parts  of  the  winding  are  at  a  voltage  to  ground  equal 
to  the  transformer  voltage  plus  the  line  voltage.  Thus  the  gen- 
erator mentioned  in  the  first  paragraph  was  under  a  strain  of 
3  600  -|-  2  400  =  6  000  volts  between  the  windings  and  ground. 
From  tests  made  with  several  generators  of  different  sizes,  it  has 
been  found  that  the  strain  on  the  insulation  when  double  voltages 
are  produced,  may  amount  in  ordinary  cases  to  nearly  three  times 
line  voltage.  This  is  a  dangerous  amount  for  machines  which 
have  been  in  service  for  a  considerable  time.  It  may  therefore 
be  stated  that,  in  general,  it  is  not  advisable  to  use  a  voltage  trans- 
former in  testing  for  grounds, 


GROUPING  OF  CURRENT  TRANSFORMERS— Concl. 

HAROLD  W.  BROWN 

OPEN  DELTA,  DELTA  AND  Z-CONNECTIONS 

IN  the  November  issue  Y  and  reversed-V  connections  were  dis- 
cussed.    There  are  three  remaining  groupings  in  common  use 
on  three-phase  circuits.     The  following  are  their  principal  ap- 
plications, together  with  some  modifications : — 

OPEN    DELTA    OR    V-CONNECTION 

There  are  two  transformers  for  this  connection  which  have 
two  leads  connected  separately  to  the  two  transformers  and  one 
common  lead.  The  common  lead  connects  to  the  upper  terminal 
of  one  and  the  lower  terminal  of  the  other  transformer,  and  has 
a  current  1.73  times  the  current  in  either  of  the  transformers. 
This  connection  is  different  from  the  reversed-V  connection,*  in 
that  with  the  reverse(l-\'  connection  the  common  lead  is  connected 
to  the  same  end  of  each  transformer,  and  the  current  in  the  com- 
mon lead  is  ecjual  to  i,  instead  of  i./T,,  times  the  current  in  either 
transformer.  Hicre  is  a  i)hase  dift'erence  of  90  degrees  between 
tl'.e  currents  in  the  U\o  cases. 

\\  ith  the  open-delta  connection  the  current  in  the  common 
line  at  loo  percent  power-factor  is  in  phase  with  the  voltage  be- 
tween the  tw^o  lines  to  which  the  transformers  are  connected.  This 
fact  makes  such  a  connection  suitable  for  use  with  a  voltage  com- 
pensator or  with  a  single-phase  wattmeter,  watt-hour  meter,  or 
power-factor  meter,  where  this  meter  is  to  give  indications  for  the 
entire  three-phase  system.  Fig.  11  (a)  represents  a  pair  of  open- 
delta-connected  current  transformers  together  with  the  following 
ai)paratus  connected  to  them : —  Polyphase  wattmeter  and  watt- 
hour  meter ;  single-phase  power-factor  meter  (or  single-phase 
wattmeter  or  watt-hour  meter)  ;  voltage  compensator  (or  other 
voltage  regulating  device)  ;  and  two  single-phase  relays  (or  trip 
coils).  The  relays  and  each  circuit  of  the  polyphase  meters  are 
connected  each  to  a  single  transformer.  The  single-phase  power- 
factor  meter  and  compensator  are  connected  in  circuit  with  the 
two  transformers. 

In  addition  to  this  apparatus,  single-phase  apparatus  may  be 
inserted  at  points  L  and  R  in  series  with  the  left  hand  and  right 

=•  Illustrated  on  pages  1024  and    1025  of  the  November  issue. 
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hand  Iranstormers  respectively  and  at  point  RL  in  series  with  both 
transformers.  At  the  point  RL  the  current  is  the  same  as  that 
which  flows  through  the  power-factor  meter  and  compensator ;  is 
1.73  tildes  the  current  in  either  transformer,  and  is  in  phase  with 
the  voltage  between  the  two  outside  lines.  The  ammeter  cannot 
be  inserted  at  this  point  to  measure  the  current  in  the  middle  line 
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FIG.    II — OPEN-DELTA  CONXECTION  AND  VECTOR  DIAGRAM 

as  is  the  case  with  the  reversed-V  connection  referred  to  above. 
The  vector  diagram  of  Fig.  11  (b)  shows  the  phase  relation  of  the 
various  currents.  If  the  common  line  w^ere  connected  to  the  same 
end  "of  each  transformer  (reversed-V  connection)  the  currents  in 
the  two  lines  and  in  the  common  line  would  be  represented  by  L, 
i?j,  and  C^ ;  but  with  one  transformer  reversed  they  are  repre- 
sented by  the  lines  L,  R  and  the  common  line,  respectively. 
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FIG.  12 — COMBINATION    OF    REVERSED-V    AND    OPEN-DELTA    CONNECTION 

If  it  is  desired  to  measure  the  current  in  each  of  the  three 
lines-  or  to-  obtain  current  in  proportion  to  that  in  each  line,  a 
transformer  may  be  added  as  in  Figs.'  12  (a),  (b)  or  (c).  In  (a) 
the  left  and  right  hand  transformer  currents  pass  through  the 
points  L  and  R  and  the  resultant  current  fro.n  the  two  (which  is 
equivalent   to   the   current   in   the   middle   line   M)    flows   through 
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RL  (i).     The   figures   in   parentheses,   in  this   and   following   dia- 
grams, .  indicate  the  ratio  of  current  in  any  given  lead  to  the  cur- 
rent in  any  one  of  the  transformers,   assuming  that  the  currents 
are  the  same   in  all   transformers.     Apparatus  connected   at    MR, 
Fig.   12   (a),  has  a  current  in  phase  with  the  voltage  between  the 
middle  and  the  right  line  and  is  suitable  for  a  voltage  compensa-    .. 
tor   or   single-phase   power-factor   meter,   wattmeter   or   watt-hour  ,. 
meter  as  indicated  in  Fig.  ii.     Similarly,  in  Fig.  12  (b)  the  three 
ammeters  may  be  connected  at  M,  R  and  MR,  and  the  conipensaT.,j^-j 
tor  or  single-phase  power-factor  meter  at  RL.     In  Fig.  .12  (c)  th^,, 
ammeters  are  at  L,  R,  and  RL  ( i ) ,  and  the  compensator  or  power-,...,  ^ 
factor  meter  at  i?L  (1.73).  In  both  Figs.  12  (a)  and  (b)  there  is  one 
transformer  on  each  line,  and  this  is  usually  preferable  to  the  ar- 
rangement in  Fig.    12   (c)   which  has  one  transformer  on  one  line 
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and  two  on  another,  because  transformers  can  usually  be  arranged 
more  easily  in  the  symmetrical  form  of  Fig.  12  (a)  or  (b).  Instru- 
ments can  be  connected  at  LM  in  Fig.  12  (a)  and  (b)  or  at  RR 
in  Fig.  12  (c),  but  they  will  not  have  the  right  phase  relation  for 
a  power-factor  meter  or  compensator.  The  current  in  RR  is  ex- 
actly twice  that  in  R  of  Fig.  12  (c),  whether  the  currents  are  bal- 
anced or  not. 

DELTA    CONNECTION 

With  this  connection  each  lead  is  connected  to  the  top  and 
bottom  of  two  transformers  and  carries  a  current  1.73  times  that, 
in  any  one  transformer.  The  elementary  connections  are  showai 
in  Fig.  13  (a).  This  connection  is  used  most  commonly  on  three- 
phase  four-wire  circuits  for  wattmeters,  po#ef-factor  meters,  and 
watt-hour  meters;  Fig.  13   (b)   shows  the  connections*  to  this  ap- 


^•Jf  the  voltage  connections  are  on  the  low-tension,  six-phase  side  of  the 
power  transformers  and  the  current  connections  are  on  the  high-tension, 
three-phase  side,  see  paragraph  "Current  Transformers  in  High-Tension  Cir- 
cuits," p.  I  029,  and  Fig.  8,  p.  i  030,  November,  191 1. 
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paratus  and  also  the  points  where  other  apparatus  may  be  con- 
nected. At  Li  and  L,  the  current  is  in  phase  with  that  in  the  left 
hand  hne;  at  M^  and  M.  with  that  in  the  middle  line,  and  at 
R^  and  R.^  with  that  in  the  right  hand  line.  At  the  points  LM, 
MR  and  RL  the  resultant  of  the  two  transformer  currents  has 
a  value  1.73  times  that  in  any  transformer.  Single-phase  appara- 
tfiS,  such  as  ammeters,  may  be  connected  at  L^  or  L^,  M^  or  M.,, 
and  R-^  or  R„,  and  apparatus  requiring  an  open  delta  connection 
may  be  at  LM,  MR  or  RL.  It  is  interesting  to  note  that  three 
compensators  may  thus  be  connected  in  the  circuit  so  as  to  com- 
pensate for  line  drop  and  obtain  the  resulting  voltages  at  a  dis- 
tant point  between  each  pair  of  lines ;  whereas  with  the  open-delta 
connection  only  one  such  compensator  can  be  used,  and  therefore 
only  one  voltage  measured.     It  is  not  possible  to  have  Z-connected 

relays  with  delta- 
connected  trans- 
formers without 
an  addition- 
a  1  transformer 
(illustrated  in 

Fig.  16).  Neither 
is  it  possible  to 
have  three  am- 
meters with  each 
of  two  in  series 
witli  one  trans- 
forn^er  and  the  third  in  series  with  l)oth  of  the  preceding,  l)ut  this 
connection  is  unnecessary  inasmuch  as  the  three  meters  may  be 
at  Lj,  Mj,  and  R^,  or  at  L.-,,  M.,,  and  R.,.  Thus  a  delta  connection 
should  be  adaptable  to  practically  all  apparatus  except  Z-connected 
relays.  Either  two  or  three  relays  may  be  used  with  this  con- 
nection but  each  relay  must  be  in  series  with  a  single  transformer. 
The  number  of  leads  from  the  transformer  to  the  instrument 
is  sometimes  of  importance.  With  a  delta-connection  to  watt- 
meters, watt-hour  ureters,  and  power-factor  meters  as  shown  in 
Fig.  13,  only  three  leads  are  recjuired.  If  in  addition  three  am- 
meters are  to  be  connected,  each  to  measure  the  current  in  one 
line,  five  leads  are  required. 

Measurements  can  be  made  for  a  six-phase  diametrically- 
connected  rotary  converter  as  shown  in  Fig.  14,  with  delta-connec- 
ted   current    transformers.     The  current   transformer  connections 


FIG.   14- 


-DELTA     CONNECTION     ON     SIX- 
CIRCUIT 


DIAMETKICAI 
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are  exactly  the  same  as  in  Fig.  13,  and  other  apparatus  can  be 
added  in  a  similar  manner.  Although  there  are  six  main  leads 
from  the  power  transformers  to  the  rotary  converters,  only  three 
current  transformers  are  recjuired  for  all  measurements  of  current 
and  power,  because  in  each  case  there  are  two  lines  connected  to 
the  same  power  transformer,  and  which  are  therefore  in  series 
(i.e.,  L  is  in  series  with  L^,  M  with  M^,  and  R  with  i^J.     The 


Trif'cJ)! 


FIG.    15 — ZCONNECTIOX 

voltage  connections  in  the  six-phase  arrangement  are  different  from 
those  in  the  three-phase  four-wire  connection,  as  is  shown  in  Fig.  14. 

Z-COXNECTION 

With  the  Z-connection  there  are  three  leads,  each  connected 
to  two  transformer  terminals.  One  lead  is  from  the  top  of  one 
pair  of  transformers  and  another  from 
the  bottom  of  another  pair ;  each  of  these 
has  a  current  equal  to  the  current  in  either 
of  the  transformers.  The  purpose  of  this 
connection  is  to  provide  protection  for  a 
three  or  four-wire  circuit  by  means  of 
only  two  relays  or  trip  coils.  One  relay 
(or  trip  coil)  is  connected  to  each  of  these 
leads.  The  common  return  is  connected 
to  both  relays  and  has  1.73  times  the  cur- 
rent in  any  one  of  the  transformers.  The  elementary  connections 
are  illustrated  in  Fig.  15  (a).  The  leads  to  the  two  relays  are  LM 
and  RL.  and  the  common  return  is  MR. 

A  relay,  wattmeter,  watt-hour  meter  and  power-factor  meter 
may  be  connected  as  in  Fig.  15  (b).  Other  single-phase  apparatus 
should  be  connected  in  the  left  hand  line  at  L,  or  L._, ;  in  the  middle 
line  at  M^  or  il/.,  and  in  the  right  hand  line  at  R^  or  R...  Ap- 
paratus requiring  an  open-delta  connection,  such  as  a  compensator 
or  power-factor  meter,  should  be  connected  at  MR.     Its  current 


FIG.       16  —  COMBINATION       OF 
DELTA    A.VD    Z-CONNECTION 
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is  then  in  phase  with  the  voltage  between  lines  M  and  R  and  is 
1.73  times  the  current  in  either  transformer.  In  a  three-wire  cir- 
cuit, ammeters  may  be  inserted  at  L^,  R^  and  RL.  Only  four 
leads  are  then  required  from  the  transformers  to  the  meters.  On 
a  four-wire  circuit  the  ammeters  may  be  at  L^,  M.^  and  R^.  Five 
leads  are  recjuired  for  a  four-wire  circuit  if  ammeters  are  added. 
The  wattmeter,  watt-hour  meter  and  power-factor  meter  in 
Fig.  15  do  not  give  correct  measurements  when  there  is  current  in 
the  neutral  or  ground  return.  If  these  meters  are  to  be  connected 
in  with  relays  on  a  three-phase  four-wire  circuit  it  is  possible  to 
combine  a  Z  and  delta  connection  as  in  Fig.  16  by  the  addition 
of  one  transformer.  With  such  a  connection  the  wattmeter  cir- 
cuits may  be  inserted  in  L.U(i.73)  and  MR^i.yT,)  and  the  currents 
will  have  the  same  value  and  phase  relation  as  in  Fig.  13  or  14. 
The  relays  may  be  inserted  at  MR{i)  and  LM(i)  and  they  otTer 
the  same  protection  as  with  a  regular  Z-connection.  Thus,  with 
these  four  transformers  all  the  requirements  of  a  Z  and  delta- 
connection  are  provided.  Together  with  this,  all  other  combina- 
tions can  be  obtained,  such  as  a  V-connection  for  a  compensator, 
and  connections  for  ammeters  on  single  transformers. 

CONCLUSION 

One  of  the  purposes  of  this  paper  is  to  indicate  that  it  is 
seldom  necessary  to  install  additional  transformers  on  account  of 
interferences  between  different  kinds  of  apparatus.  A  delta-con- 
nection is  required  for  some  apparatus  on  a  three-phase  four-wire 
circuit  and  a  Z-connection  is  required  for  complete  overload  pro- 
tection ;  but  nearly  every  other  combination  of  apparatus  can  be 
connected  to  either  delta  or  Z-connected  transformers.  If  neither 
a  delta  nor  a  Z-connection  is  required,  it  is  usually  possible  to  ob- 
tain all  of  the  necessary  phase  relations  with  only  two  transformers. 
(Figs.  12  and  16  illustrate  exceptions  to  this  statement.)  It  is 
nevertheless  desirable,  in  many  cases,  to.  provide  additional  trans- 
formers where  there  is  too  much  apparatus  for  one  set.* 

Only  a  single  type  of  wattmeter,  watt-hour  meter,  power- 
factor  meter,  etc.,  are  here  shown,  but  they  may  be  readily  re- 
placed by  other  types  of  apparatus.  The  polyphase  power-factor 
meter  represented  in  all  cases  is  the  one  having  a  winding  for 
each  phase.  If  it  is  replaced  by  a  power-factor  meter  having  only 
a  single  current  winding,  its  current  circuit  may  be  treated  in  the 
same  manner  as  an  ammeter  or  other  single-phase  apparatus. 


'See  article  on  this  subject  in  the  Journal  for  July,  191 1,  p.  642. 


CHARTS   FOR  DETERMINING   EFFICIENCY 
AND  REGULATION 

J.  F.  PETERS 

THE  calculations  for  efficiency  and  regulation  of  a  piece  of 
electric  apparatus  by  ordinary  methods  involve  considerable 
work  and  time,  so  that  any  scheme  that  tends  to  make  the 
calculations  easier  and  shorter  is  of  great  assistance  to  the  engineer. 
The  efficiency  and  regulation  charts  described  in  the  present  article 
were  made  up  with  this  end  in  view  and  with  their  range  of  appli- 
cation will  doubtless  be  found  a  great  help  in  making  rapid  de- 
terminations of  efficiency  and  regulation  of  apparatus  such  as  trans- 
formers, or  transmission  systems  as  a  whole,  for  different  loads 
and  power-factors. 

EFFICIENCY    CHART 

The  efficiency  chart,  which  is  shown  in  Fig.  i,  is  not  uni- 
versally applicable,  but  can  be  used  in  all  cases  where  the  total 
loss  consists  of  two  components — one  a  constant  loss  and  the 
other  a  loss  which  varies  as  the  square  of  the  load.  It  is  particu- 
larly applicable  in  calculating  the  efficiency  of  transformers,  in 
which  case  the  iron  loss  is  the  constant  and  the  I-R  or  ohmic  loss 
the  variable  quantity.  When  using  the  chart  to  determine  ef- 
ficiencies of  a  rotating  machine  the  sum  of  the  iron  loss,  field  PR 
loss,  friction,  and  windage  should  be  considered  as  a  constant  loss 
for  all  loads ;  the  accuracy  of  the  chart  for  such  purpose  then  de- 
pends, of  course,  on  how  nearly  constant  these  losses  are  for 
various  loads. 

By  definition,  efficiency  is  the  ratio  of  the  net  power  output 
to  the  gross  power  input. 

\^''hen  e  =  the  efficiency  of  a  machine,  in  percent, 

r  Output  1  r  Loss    ] 

e  =  100       ^  =  loo  I     I  —    

I   Input   J  [^  input  J 

It  is  convenient  to  have  this  formula  expressed  in  terms  of 
output  since  the  latter  is  a  fixed  quantity. 

When  based  on  output,  percent  efficiency  equals 
r  Loss  1 

^=^°°[    ^-  Output -f  Loss- J 
or,  expressed  in  percent  losses, 

lOO  X  total  percent  loss  "1 
lOO  +  total  percent  loss  J 
It  is  necessary  to  separate  the  constant  loss  from  the  variable 
loss  in  calculating  the  efficiencies  for  different  loads. 
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Let  P  =  full  load  output ; 

PR  =  loss    which  varies  with  the  square  of  the  load ; 

L  ^  loss  that  is  constant  for  all  loads. 
Then  total  percent  loss  at  full  load, 

=  percent  PR  loss  -|-  percent  constant  loss. 
Total  percent  loss  at  1/2  load. 

p       -tj^ 
=  1/2  X  percent  PR  at  full  load  +  1/2  X  percent  L  at  full  load. 


f  n  I  V^ 

—      I  R      T 
I    m     I  -L- 


For  any  load       the  total  iiercent  loss  becomes       'h_Jil — L-L 

n         ^  "   p 

m  i" 

=  "  X  percent  I-R  at  full  load  +     "^  X  percent  L  at   full  load, 
m      '  '        n       ^ 

It  will  be  seen  that  the  multiples  affecting  the  two  component 
losses  at  a  given  load  are  the  ratio  of  the  given  load  to  full  load 
and  its  reci])rocal,  expressed  as  common  f ractions, namely, (n  ^  m) 
and  (m  -^  n). 

The  construction  of  the  chart  is  as  follws :  Two  parallel  scales 
representing  percent  PR  and  percent  constant  losses  at  full  load 
are  located  at  a  convenient  distance  apart,  and  scales  representing 
the  efficiencies  for  different  loads  are  located  between  and  parallel 
to  these  loss  scales,  so  that  the  distances  from  the  P'R  and  constant 
loss  scales  to  the  efficiency  scale  under  consideration,  have  the  same 
ratio  as  the  multipliers  affecting  the  losses  at  this  load.  The 
divisions  on  the  PR  and  constant  loss  scales  are  ecjually  spaced, 
while  on  the  efficiency  scales  the  divisions  decrease  in  length  with 
decrease  of  efficiency,  due  to  the  correction  (100  X  percent  loss)  -^- 
(100  +  percent  loss). 

Examples — To  show  how  the  chart  may  be  used,  consider  the 
following  examples.  Given  a  five  k.v.a.  distributing  transformer 
having  an  PR  loss  of  1.85  percent  at  full  load  and  an  iron  loss,  or 
constant  loss  of  0.9  percent  at  full  load,  to  determine  efficiencies, 
place  a  straight  edge  across  these  values  on  their  respective  scales 
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FIG.    I — EI'FICIENCY   CHART 

To  obtain  efficiency  at  any  given  load,  lay  a  straight  edge  across  the  given 
PR  and  constant  loss  values  and  read  the  efficiencies  at  the  required  loads  on_  the 
corresponding  scales.  The  total  percent  ICTis  at  full  load  may  also  be  obtained 
simultaneously. 

To  obtain  the  variable  and  constant  components  of  the  loss  and  the  corre- 
sponding total  percent  loss  at  full  load,  when  efficiency  values  corresponding  to 
any  two  loads  are  given,  place  a  straight  edge  across  the  two  given  'points  and 
read  the  required  percent  losses  on  their  respective  scales. 

Likewise,  if  the  efficiency  corresponding  to  a  given  load  is  known  andthe 
constant  loss,  for  example,  is  known,  the  variable  loss  corresponding  to  the  given 
load  may  be  read  from  the  PR  scale,  and  the  total  percent  loss  from  its  scale. 


iiiS 


THE  ELECTRIC  JOURNAL 


and  the  following  values  will  be  obtained : — 

96.7s  at  ij^  load  97.45  at     Y^  load 

97.05  at  1%  load  97.3     at     1/2  load 

97.3     at  full  load  96.1     at     %  load 

Again,  for  example,  suppose  the  segregated  losses  are  required 

of  a  five  k.v.a.  transformer  having  any  two  of  the  above  efficiencies 

known;   the  percent  losses   may  be   determined  on  the   respective 

scales  by  placing  the  straight  edge  on  those  efficiency  values. 

REGULATION   CHART 

By  definition,  regulation  is  the  percent  increase  in  the  voltage 
as  the  load  is  decreased  from  its  normal  value  to  zero.     This  may 


FIG.   2 


FIG.   3 


a  =  full  load  voltage ;  h  =  no  load  voltage ;  R  =  resistance  drop  or  IR  drop, 
or  voltage  drop  due  to  obmic  resistance ;  X  =  reactance  drop  or  voltage  drop 
due  to  inductive  resistance ;  Z  =  impedance  drop  or  voltage  drop  due  to  ohmic 
plus  inductive  resistance,  combined  at  right  angles,  =  VR^  +  X- ;  0  =  angle  by 
wbich  current  lags  bebind  full  load  voltage.  Then,  -S  =  b  —  (a  +  R).  It  may 
be  noted    that  percent  IR  drop  is  equal  to  percent  I^R  loss. 


be   shown   graphically  by   Figs.   2   and   3,   the   former   is   for 
percent  power-factor  and  the  latter  for  any  other  power  factor. 

Regulation  at  100  percent  power-factor  =  b  —  a  =  R-f-S 

Thus : 


100 


b=:V(a+R)^'  +  X= 
X^=S(2a  +  2R)+S-^ 

rx-^1 

•^^  [2a  +  2Rj 


=  a 
and 


R+S; 


2a  -|-  2R 
Since  regulation  is  expressed  in  percent,  it  is  convenient  to  ex- 
press a,  R  and  X  in  percent. 

By  definition,  a  =  100  percent ;       R  =  percent  PR ; 

then  S  = 


(200 


R  +  S  =  percent  PR  + 


2X  percent  PR) 
X 


approximately. 


This  is  accurate  enough  for  practical  purposes — for  instance, 

with  a  reactance  of  5  percent  and  PR  loss  of  1.5  percent; 

X* 
percent  PR  -i—--r 


percent  PR  -f  S 


=  1-625, 
1.6232, 


a  very  slight  difiference. 


EFFICIENCY  AND  REGULATION  CHARTS 


1119 


Power-Factor  of  Load— Percent 
100 f)S  90   85      80  70       60 


s 

OS 
2- 

u 


4- A  4— 


1 

L" 


E-5 


r-  I 


—4   '^  oc 

r  ^ 

u 


95         90   85  80         70       eo 
Power-Factor  of  Load-Percent  copyright. 

FIG.    4 — REGULATION    CHART 


To  obtain  the  regulation  for  a  load  of  any  power-factor,  lay  a  straight 
edge  across  the  given  percent  resistance  and  reactance  values,  and  read  the 
regulation  at  various  power-factors  of  load  on  the  respective  scales. 

To   obtain  the  resistance  and  reactive  components   when  the   regulations 
corresponding  to  two  power-factors  are  given,  place  a  straight  edge  across  the 
'-riven  points  and  read  the  required  components  on  their  respective  scales. 
''       Values   for  power-factors  between  those   for  which   scales  are  given  can 
be  closely  approximated  by  interpolation  ■    ■         ,  r    , 

The  broken  line  scales  are  primarily  for  determining,  by  means  of  a 
straight  edo-e  the  reactance  when  the  impedance  drop  and  resistance  drop  are 
known  Obviously,  with  any  two  of  these  three  factors  given,  the  third  can 
be  obtained  directly  from  the  broken  line  scales. 
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In  Fig.  3,  by  definition,  d  ^  angle  by  which  current  lags 
behind  full  load  voltage;  while  the  other  values  correspond  to  those 
of  Fig.  2.  Then  cos  6  ^  power-factor  of  the  load,  and  regulation  = 
R  cos  6^  +  X  sin  (9  +  S  =  percent  PR  cos  6  -[-  percent  X  sin  6  + 

(percent  X  cos  0  —  percent  PR  sin  Oy  . 

—  approxniiately. 

200  '   ''  ^ 

The  regulation  chart.  Fig.  4,  consists  of  two  parallel  scales 
representing  the  percent  resistance  drop  (percent  P'R)  and 
percent  reactance  drop,  located  at  a  convenient  distance  apart,  with 
scales  representing  the  regulation  at  diiTerent  power-factors  be- 
tween them.  The  three  scales  in  light  dotted  lines  are  for  obtaining 
the  reactance  when  the  resistance  and  impedance  values  are  knowai. 
They  are  not  to  be  used  for  determining  regulation. 

Example — To  illustrate  the  use  of  the  chart,  consider  a  ma- 
chine having  three  percent  resistance  drop  and  five  percent  im- 
pedance drop.  Place  a  straight  edge  across  these  values  on  the 
dotted  resistance  and  impedance  scales  and  four  percent  reactance 
will  be  read  on  the  dotted  reactance  scale.  Upon  placing  the 
straight  edge  across  these  values — three  percent  resistance,  four 
percent  reactance — on  their  respective  scales  on  the  full  lines,  the 
following  values  will  be  obtained : — 

3.1  percent  at  100  percent  power-factor 
4.15  percent  at  95  percent  power-factor 
4.45  percent  at  90  percent  power- factor 
4.65  percent  at  85  percent  power-factor 
4.8  percent  at  80  percent  power- factor 
4.95  percent  at  70  percent  power- factor 
5.  percent  at  60  percent  power-factor 
The  regulation  charts  contain  a  small  error  which,  however, 
for  practical  purposes,  is  inappreciable. 

A  straight  edge  made  of  some  transi)arcnt  material,  such  as 
celluloid,  will  be  found  convenient  for  use  in  connection  with  these 
charts.  The  user  can  then  see  at  a  glance  the  approximate  reading 
desired  without  shifting  the  straight  edge.  Another  convenient 
arrangement  is  to  draw  a  hair  line  on  a  transparent  rule  or  triangle, 
using  this  for  the  reference  line.  This  avoids  trouble  due  to 
shadows  in  case  of  poor  lighting  conditions.  A  rectangular  notch 
cut  in  the  straight  edge  near  one  end,  to  slightly  more  than  the 
depth  of  the  hair  line,  will  make  it  possible  to  fix  one  of  the  two 
known  points  by  placing  a  pencil  on  the  exact  reading  and  adjust- 
ing the  straight  edge  so  that  the  pencil  point  will  be  in  one  corner 
of  the  notch  and  therefore  on  the  hair  line  of  the  straight  edge. 
The  proper  setting  can  then  be  obtained  directly  by  swinging  the 
straight  edge  around  this  point  as  a  center,  a  much  simpler  opera- 
tion than  that  of  setting  to  two  points  simultaneously. 


AN  AUTOMATIC  PUMP  GOVERNOR  AND  WATER 
LEVEL    REGULATOR 

A.  C.  LASHER 
Chief  Electrician,  Central  of  Georgia  Railway 

A  FIVE  INCH  low  head  centrifugal  pump,  driven  by  a 
seven  horse-power  direct  current  motor,  is  used  to  supply 
raw  water  to  the  85  000  gallon  settling  reservoir  of  a  small 
filter  plant.  The  motor  speed  is  varied  from  650  to  i  000  revolutions 
per  minute  by  means  of  shunt  field  control,  and  the  pump  discharge 
varies  from  100  gallons  per  minute  minimum  to  about  900  gal- 
lons per  minute  maximum  flow.  A  two-stage  turbine  pump, 
also  motor  driven,  with  provision  for  hand  adjustment  of  speed, 
draws  from  this  reservoir  and  discharges  through  pressure  filters 
into  the  general  scr^•ice  mains.  Owing  to  the  character  of  the 
service,  the  quantity  of  water  pumped  fluctuates  considerably 
throughout  the  twenty-four  hours.  To  obtain  the  most  efficient 
service  from  the  settling  reservoir  it  is  essential  that  the  reservoir 
be  kept  at  a  uniform  level  and  always  as  full  as  possible. 

In  laying  out  this  plant,  it  was  intended  to  adjust  the  field 
circuit  of  the  motor  dri\-ing  the  low-pressure  pump,  so  as  to 
provide  slightly  in  excess  of  the  demand  of  the  high-pressure 
pump,  and  by  means  of  a  tank  float,  controlling  a  magnet  switch 
on  the  former  unit,  stop  or  start  the  pump  as  the  float  rose  or 
fell  a  predetermined  distance  above  or  below  the  proper  level. 
It  was  found,  however,  that  the  service  required  this  motor  to 
run  at  or  near  its  highest  speed  the  greater  part  of  the  time, 
also  that  to  start  the  unit  with  the  rheostat  set  for  the  higher 
speeds  resulted  in  a  severe  strain  on  the  motor,  owing  to  the 
weakened  condition  of  the  field.  The  difiiculty  was  overcome 
and  the  water  level  of  the  settling  reservoir  maintained  prac- 
tically uniform  throughout  the  entire  range  of  the  low-pressure 
pump,  by  means  of  an  automatic  speed  regulator,  as  follows : — 

A  belt  was  run  from  a  point  on  the  shaft  of  the  pump  near 
the  flange  coupling,  to  a  pulley  mounted  with  the  remainder  of 
the  appliance  at  a  convenient  position  on  the  wall  and  over  the 
edge  of  the  settling  reservoir.  This  pulley  turns  a  worm  and 
gear,  and  by  means  of  a  crank  and  rod,  operating  from  the  gear, 
provides  reciprocating  motion  with  a  ratio  in  speed  as  com- 
pared to  the  motor  shaft  of  about  i  :  800.  Movement  is  trans- 
ymitted  through  the  rod  to  the  rocker  C,  Fig.  i,  to  which  are  at- 
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tached  two  pawls,  one  acting'  right-handed  and  the  other  left- 
handed.  These  two  pawls  move  back  and  forth  over  correspond- 
ing ratchet  wheels,  the  ratchets  also  being  arranged  right  and 
left.  The  ratchet  wheels  are  secured  rigidly  to  a  common 
shaft,  but  are  spaced  a  short  distance  apart  so  that  each  can 
operate  from  its  corresponding  pawl  without  interference  from 
the  pawd  on  the  opposite  side.  To  the  shaft  which  carries  the 
two  ratchet  wheels  is  also  secured  a  sprocket  wheel.  A  chain 
serves  to  connect  this  sprocket  wheel  to  another  similar  one, 
which  is  attached  to  an  extension  on  the  field  rheostat  shaft. 

Normally,  the  two 
pawls  are  held  away 
from  the  ratchets  by 
n-eans  of  the  slight 
spring  in  the  part  6". 
oMotion  of  the  float  up- 
ward or  downward  is 
transmitted  by  means 
of  the  small  chain, 
passing  over  the  small 
pulleys  to  the  counter- 
weight and  to  the 
clutch  mechanism  over 
the  pawls.  The  clutch 
mechanism  is  arranged 
to  move  freely  about 
the  pivoted  points  T, 
when  under  the  influ- 
ence of  the  cord  carry- 
ing the  float.  It  will 
be  observed  that  press- 
ure will  be  brought  to 
pawls,  according  to 
its     neutral     position, 


DIAGRAM    OF    PUMP   REGULATOR 


bear  on  one  or  the  other  of  the 
whether  the  float  is  above  or  below 
and,  therefore,  the  reciprocating  movement  will  be  trans- 
mitted by  means  of  the  ratchet  wheel  and  the  sprocket 
and  chain  to  the  rheostat  which  is  connected  in  series  with  the 
shunt  field  coils  of  the  motor.  If  the  water  level  becomes  low 
the  float  falls,  causing  the  upper  pawl  to  engage  the  ratchet  and 
turn  the  rheostat  arm  in  a  clockwise  direction,  thereby  cutting 
in  more  resistance,  weakening  the  field  of  the  motor  and  causing 
the  pump  to  increase  in  speed.     Conversely,  if  the  water  level 
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becomes  high  the  float  rises,  the  lower  pawl  engages  its  ratchet 
and  turns  the  rheostat  arm  in  a  counter-clockwise  direction, 
strengthening  the  motor  field  and  causing  the  pump  to  diminish 
in  speed.  The  rate  at  which  the  change  of  speed  is  brought 
about  can  be  modified  by  means  of  the  adjustable  crank  K,  since 
by  changing  the  effective  radius  of  the  crank  the  pawls  may  be 
made  to  engage  every  tooth,  or  to  skip  one  or  more,  as  desired. 

It  will  be  observed  that  a  portion  of  the  circumference  of 
each  of  the  two  ratchets  is  without  notches  or  teeth.  This  por- 
tion of  the  wheel  may  be  adjuste"d  with  reference  to  the  rheostat 
arm  so  as  to  limit  the  travel  of  the  latter  to  a  trifle  less  than  a 
full  circle,  and  thus  avoid  interference  of  the  arm  with  the  stop 
at  the  upper  part  of  the  circle.  Confusion  of  this  character  would 
result  only  in  case  of  a  sudden  fluctuation  of  load  tending  to 
■vary  the  speed  of  the  motor  beyond  its  limit  in  either  direction. 

\A"hile  the  general  scheme  is  shown  in  Fig.  i,  the  notches  on 
the  rim  of  the  ratchet  wheels  are  more  numerous  than  is  indicated 
by  the  sketch,  and  the  field  rheostat  contains  a  much  larger  number 
of  steps.  The  settling  reservoir,  while  primarily  considered  as  one, 
is  divided  into  two  parts.  The  larger  basin  of  60  000  gallons  ca- 
pacity receives  water  fro'.ii  the  pump  and  discharges  through  an 
overflow  gate  into  the  smaller  basin  which  has  a  surface  area  of 
about  450  square  feet.  The  regulator,  therefore,  has  to  do  only  with 
the  level  of  the  smaller  basin.  A  variation  in  water  level  of  three 
inches  serves  to  set  the  ratchet  wheels  in  motion,  yet  there  is  often 
a  variation  of  six  or  eight  inches  before  normal  water  is  restored. 

The  adjustable  crank  was  set  as  short  as  possible  so  that  the 
pawls  advance  but  one  notch  at  a  time.  This  movement  gives  a 
change  of  but  one-half  of  a  point  on  the  rheostat  and  therefore  the 
rheostat  arm  will  advance  or  recede  one  point  in  from  one  to  two 
minutes,  depending  upon  the  motor  speed.  For  example,  the  change 
from  800  to  900  r.p.m.  will  take  place  in  about  twenty-five  minutes, 
corresponding  to  a  change  of  pump  discharge  from  650  to  800 
gallons  per  minute.  Fluctuations  greater  than  this  in  the  time 
specified  are  of  rare  occurrence.  Throughout  portions  of  the  day 
when  the  demand  is  exceedingly  variable,  the  rheostat  arm  is  con- 
tinually in  motion,  but  if  the  demand  becomes  uniform  for  a  period 
of  one-half  hour  or  more  the  regulator  slowly  brings  the  low 
pressure  pump  to  that  speed  which  will  maintain  the  proper  level. 
This  arrangement  has  been  in  use  about  a  year,  and  has  proven 
entirelv  satisfactorv  for  the  work  required. 


ELECTRIC  SIGNALING  BY  TROLLEY  CONTACTS 

IN   the   article   entitled   "Recent   Developments   in    Signaling   for 
Electric   Railways'",   which  appeared  in  the  October  issue  of 
the  Journal,   a  paragraph  was   devoted   to  "Trolley   Contact 
Signals",  the  major  portion  of  the  article,  however,  being  devoted 
to    track    circuit    signaling.     The   following  comment  should   thus 
prove  of  interest  as  bringing  out  more  in  detail  the  possibilities  and 
also  the  limitations  of  the  trolley  contact  type  of  signals. 
NACHOD  SIGXAL  COMPANY 
C.  P.  Nachod,  General  Manager 
929  Chestnut  Street 

Philadelphia,  Pa.,  October  21,  1911. 
The  Electric  Journal, 
Editorial  Office, 

Pittsburg,  Pa. 
Gentlemen: — In  your  excellent  periodical    for  October,  pngc  848,  in   an 
article,  "Recent  Developments  in  Signaling  for  Electric  Railways,"  by  Messrs, 
McCready   and    Harrington,    certain    statements   are    made   regarding   trolley 
contact  signals  that   in   justice   to  them   require   modilication. 

The  disadvantages  of  trolley  contact  signals  are  that  the  signals,  being 
changed  at  the  instant  of  passing  the  trolley  contactor,  the  trolley  wheel 
must  be  on  a  live  wire  at  that  time.  Since  these  conditions  may  not  always 
obtain,  there  must  be  an  affirmative  indication  that  the  signals  have  been 
changed  by  the  passage  of  the  car,  and  this  is  attained  by  placing  the  signal 
aspect  in  advance  of  the  trolley  contact,  so  that  the  motorman  can  see  that 
he  has  properly  affected  the  signals.  This  requires  additional  discipline  on 
the  part  of  the  train  crew,  but  as  it  requires  discipline  to  observe  or  read 
a  signal  set  by  another  train,  that  same  discipline  should  be  logically  ex- 
tended to  assure  that  signals  have  been  set  by  one's  own  train.  In  other 
words,  is  it  not  just  as  important  that  a  motorman  should  leave  signals 
as  that  he  should  observe  the  signals  of  another?  This  is  the  discipline  that 
a  trolley  contact  signal  system  requires  over  any  system  using  the  rails  for 
signaling,  and  actuated  by  power  other  than  the  motive  power  of  the  car. 

It  is  true  that  a  trolley  contact  system  would  give  absolutely  no  pro- 
tection against  a  broken  rail,  but  this  trouble  docs  not  seem  to  be  serious 
with  electric  railways,  and  it  is  also  true  that  all  track  circuit  signals,  having^ 
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one  rail  undivided,  of  which  there  are  many  miles  in  operation,  will  not  de- 
tect broken  rails,  as  the  writers  state. 

A  short  insulated  track  section,  or  rather  two  of  them  in  series,  at  the 
ends  of  the  block,  one  for  clearing  and  one  for  setting,  have  been  proposed 
as  a  means  of  signal  control;  but  the  writer  cannot  advocate  these,  since 
an  accidental  short-circuiting  of  the  clearing  section,  which  could  easily 
happen,  would  clear  the  signals  with  a  car  in  the  block.  A  trolley  contactor, 
on  the  other  hand,  can  be  CDUstructcd  to  have  very  high  electrical  insula- 
tion, thus  making  the  liability  to  break-down  very  remote. 

A  trolley  contact  signal  may  be  interlocked  through  the  usual  switch 
boxes  so  that  an  open  switch  will  be  indicated  by  signals.  A  trolley  con- 
tactor can  be  located  on  the  spur  track  such  that  a  car  within  fouling  dis- 
tance would  set  signals,  indicating  its  presence. 

Regarding  the  statement  of  the  motorman  unwittingly  passing  a  signal 
at  night  in  case  his  tnjlley  should  not  operate  the  signal,  this  can  easily 
be  prevented  by  using  a  red  marker  light,  burning  at  all  times,  as  has  gen-> 
erally  been  recommended. 

Regarding  a  statement  that  a  trolley  contactor  cannot  be  depended  upon 
for  high  speeds,  the  Chicago  &  Milwaukee  Electric  Railroad  Company 
stated  that  a  contactor  they  have  in  use  was  perfectly  successful  for  speeds 
up  to  55  miles  an  hour  with  a   four-car  train,   four  trolleys  up. 

The  writer  is  of  the  opinion,  moreover,  that  one  of  the  new  track  cir- 
cuit de\'elopments  in  permissi\'e  signaling  has  been  brought  ab.jut  by  the 
effective  permissive  operation  obtained  for  several  years  through  contact 
signals. 

For  more  complete  discussion  on  contact  signals,  reference  is  made  to 
the  Signal  Engineer,  May,  191 1,  page  200,  and  to  a  specific  type  of  contact 
system,  same  periodical,  February,  191 1.  page  49. 

Yours  truly, 

Carl  P.  N.\chod. 
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655 — Two-Phase  Generator  Chang- 
ed   to    Three-Phase  —  We    have 
a    two-phase,    60    cycle,    2  200    voU 
ahernating-current      generator      of 
the  revolving  field  type,  having  16 
poles,  96  slots,  two  coils  per  slot. 
We  desire  to  take  three-phase  cur- 
rent   from    this    machine    by    con- 
necting the  middle  point  of  one  of 
the    two-phase    windings    with    the 
86     percent     point     of     the     other 
winding,  thereby  giving  a  two-  to 
three-phase   connection.     This   ma- 
chine   is    rated    at    59.1    amp.    per 
phase,  giving  260  k.v.a.    We  figure 
that  with  the  above  connection  and 
the   same   current   in   the   armature 
the   machine   will    have   a   capacity 
of  225  k.v.a.     Please  advise  wheth- 
er   you    see    anything    wrong    with 
the   above   modification  of   connec- 
tions. R.    A.    L. 
The     scheme     of     connecting     the 
two-phase  generator   so   as  to   obtain 
three-phase     power     is    correct.     It 
should    be    borne    in    mind    that    the 
generator,    after    having    been    con- 
nected as  proposed,  may  not  run  sat- 
isfactorily  in   parallel   with    ordinary 
Y-connected     generators.      Further- 
more,  the   voltage   of   the   generator, 
when    it    is    carrying    loads,    may    be 
slightly   unbalanced,    due   to   the   dif- 
ference in  ohmic  and  inductive  drops 
between  the   different  terminals. 

J.B-W. 

656 — Rewinding     Fan     Motor — An 

old  style  four-pole,  12-inch  fan 
motor,  rated  at  115  volts,  60  cycles 
and  wound  with  No.  24  wire,  is 
found  to  run  at  only  one-eighth 
speed  when  connected  to  the  cir- 
cuit. As  the  motor  appeared  to 
have  been  rewound  for  some  other 
voltage  or  frequency,  I  decided  to 
again  rewind  it.  The  stator  was 
found    to    have    i  2j8    turns.     The 
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formula  n  =  r-p  was  applied. 


in  which  n  =  primary  turns,  B  = 
magnetic  lines  per  sq.  in.  (assume 
10  000  sq.  in.  for  a  total  of  eight 
sq.  in.  with  four  poles),  V  = 
volts  (assume  105),  /=  frequency 
in  cycles  per  second.  From  this 
a  value  for  n  of  5  048  turns  is  ob- 
tained. Please  point  out  the  error 
in  this  calculation.  h.  w.  h. 

The  fan  was  evidently  wound  for 
55  volts  and  was  arranged  to  run 
on  the  high  speed  with  two  coils  in 
series  and  two  sets  in  parallel,  the 
four  coils  being  put  in  series  for 
the  low  speed.  The  operation  at  one- 
eighth  speed  may  have  been  caused 
by  a  short-circuit  or  other  trouble 
within  the  winding.  According  to 
the  above  formula,  which  is  correct 
provided  the  terms  are  used  cor- 
rectly, the  flux  density  should  be 
16700  lines  per  sq.  in.  or  33450  per 
pole.  This  is  a  much  better  value 
to  use  than  10  000,  because  it  gives 
a  better  torque.  We  believe  a  prob- 
lem of  this  sort  is  best  handled  by 
calculating  for  one  pole  and  then 
getting  the  final  results  according 
to  the  number  of  poles.  For  in- 
stance it  is  desired  to  rewind  this 
fan  for  105  volts  and  connect  all 
poles  in  series.  Then,  using  volts 
per  pole,  flux  per  pole,  and  turns 
per   pole  : — 

-r  1  105  ^  4  X 10^ 

i  urns   per  pole  = ^ 

444  X  60  X  33  450 
=:  295  turns  per  pole..  If  the  motor 
is  to  be  connected  two  poles  in  se- 
ries and  two  in  parallel  as  before, 
then  twice  the  turns  per  pole  must 
be  used,  since  the  volts  per  coil  will 
be  twice  as  great.  In  the  second 
case  the  same  size  wire  should  be 
used  and  in  the  first,  three  sizes 
smaller.  That  is,  the  cross-section 
of  the  primary  copper  should  be 
maintained  the  same  for  any  volt- 
age. Tlie  fan  should  take  a1)out  70 
watts.  o.  s.  J. 
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657— Loading  of  Voltage  Trans- 
formers— Two  200  watt  voltage 
transformers  are  connected  in 
open  delta  on  a  three-phase  cir- 
cuit; taps  are  taken  out  as  shown 
in  Figs.  657  (a)  and  (b)  for  oper- 
ating potential  coils  of  reverse 
current  relays.  What  amount  of 
energy  per  coil  corresponds  with 
the  full  rating  of  the  voltage  trans- 
formers? E.  B. 
The  voltage  coil  of  a  reverse  cur- 
rent relay  is  in  el¥ect  practically  a 
non-inductive    load.      With    two    re- 


A 


_3^: 


Figs.   657    (a)    and    (b) 

lays  connected  as  shown,  the  current 
in  one-half  of  each  transformer  will 
be  A  amperes,  and  in  the  other  half 
will  be  V3  X  A  amperes,  where  A  is 
the  current  taken  by  one  relay.  The 
heating  effect  of  these  currents  is 
equivalent  to  a  current  of  2A  am- 
peres in  the  whole  winding;  and  a 
load  of  100  watts  per  coil  represents 
full  load  on  the  transformers.  With 
two  transformers  connected  as 
shown,  the  current  drawn  by  one  re- 
lay   passes    through    the    winding    of 


one    transformer    and    one-half    the 
winding   of   the    second   transformer. 
Superposed   on   two-thirds   of   this   is 
an   equal   current  ^at  an   angle   of   60 
degrees.  The  CR  drop  in  each  trans- 
former will   be   twice   the   drop   in   a 
single  transformer  carrying  a  single 
relay.      In    other    words,    so    far    as 
compensation  is  concerned,  100  watts 
in   each    represents    full   load  on   the 
transformer.     The  voltage  applied  to 
a   reverse   current  relay   needs   to   be 
approximate    only,    and    the    load    on 
the  transformers   is   limited  by  heat- 
ing rather  than  ratio  error.  As  volt- 
age    transformers     are     usually     de- 
signed   with    a    low    copper    loss    in 
order    to    get    good    regulation,    they 
will    stand    a    considerable    overload 
without  undue  heating.       w.  r.   \\. 
658 — Effect  on  Operation  of  Motor 
of  Changing  Span  of  Coils— Will 
you   please   inform   me   what   effect 
it    has    on    the    performance    of    a 
direct-current  motor  to  change  the 
span  of  the  coils  by  one  slot,  that 
is  for  example  put  the  coils  in  slots 
I  and  18  instead  of  i  and  19,  the 
total  number  of  slots  being  41. 

W.J.R. 

The  effect  of  reducing  the  span  of 
the  coil  is  either  to  chord  the  coil  or 
increase  the  chording.  In  the  ex- 
ample given,  a  throw  of  i  and  21 
would  be  as  near  to  a  full  pitch  wind- 
ing as  could  be  secured  for  a  two- 
pole  motor;  'f  the  coil  is  wound  in 
slots  T  and  19  the  coil  is  chorded 
two  and  a  half  slots  and  if  i  and 
18  it  is  chorded  three  and  a  half 
slots.  Chording  reduces  the  volt- 
age generated  in  the  short-circuited 
coil  and  thereby  improves  commuta- 
tion, provided  the  span  of  the  poles 
is  such  that  the  chording  does  not 
throw  the  coil  into  too  strong  a 
field  under  the  pole  tip.  Chording 
of  the  coil  is  not  usually  advisable 
in  commutating  pole  machines,  as  it 
requires  a  much  wider  pole  to  pro- 
duce a  commutating  field  wide 
enough  to  act  on  the  short-circuited 
coil  during  the  entire  period  of 
short-circuiting.  t.m.h. 

659 — Heyland    Circle  Diagram   for 

Induction    Motors  Below    5    hp 

Capacity — Should  satisfactory 

results    be    obtained  by    using    the 

"circle    diagram    by  test"    method 
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for    testing    induction    motors    of 
capacities   below   five  horse-power? 

M.G.D. 

The  ordinary  Heyland  Diagram  is 
not  satisfactory  for  small  motors, 
but  a  modification  thereof  described 
by  Mr.  H.  C.  Specht  in  the  Electri- 
cal World  for  February  25,  1905,  is 
used  on  small  motors  only,  and 
should  give  satisfaction.  k.l.h. 

660 — Effect  of  Number  of  Turns 
in  Armature  Coil  on  Character- 
istics of  Motor — What  condi- 
tions 'determine  whether  say,  two 
or  three  turns  per  coil  shall  be 
used  in  the  design  of  a  direct-cur- 
rent armature,  and  when  should 
each  be  used?  Is  there  any  dit- 
ference  in  the  field  windings  m 
either  case?  What  errect  does  the 
number  of  turns  have  on  the  speed 
and   voltage   at   the   terminals? 

J.E.S. 

In  the  design  of  a  direct-current 
machine,  the  number  of  turns  used 
per  coil  is  determined  by  the  number 
of  commutator  bars  required,  the  num- 
ber of  armature  slots,  and  the  volt- 
age and  speed  for  which  the  ma- 
chine is  designed.  The  number  of 
turns  in  the  field  coil  is  always  de- 
pendent on  the  line  voltage,  and  not 
on  the  armature  design.  The  field 
coils  are  sometimes  operated  in  par- 
allel, and  sometimes  all  in  series,  de- 
pending on  the  voltage  for  a  given 
number  of  turns  desired.  The  great- 
er the  number  of  turns  per  armature 
coil  for  a  given  armature  winding, 
the  less  the  number  of  commutator 
bars,  and  the  greater  the  voltage  be- 
tween commutator  bars.  This  volt- 
age must  not  exceed  a  certain  maxi- 
mum, (found  by  experience),  for  a 
given  design  of  machine,  size  o^ 
commutator  and  thickness  and  spac- 
ing of  commutator  bars,  etc.,  also 
the  fewer  the  turns  per  armature 
coil,  the  better  the  commutation,  as 
a  rule,  especially  in  non-commutat- 
ing  pole  machines.  The  design  of  a 
given  armature  must  take  into  con- 
sideration the  various  current,  volt- 
age and  speed  requirements  for  a 
given  capacity  of  machine,  also  the 
number  of  armature  slots  and  com- 
mutator bars  which  are  to  be  used, 
so  that  it  is  impossible  to  give  any 
rule  which  alone  would  fix  the 
number   of   turns   per   armature   coil. 

J.M.II. 


661— Effect  of  Accidentally  Re- 
versing Primary  of  Loaded  In- 
duction Motor — What  would  be 
the  reaction  in  a  300  hp,  three- 
phase,  variable  speed,  440  volt,  200 
amperes,  580  r.p.m.  motor  if  the 
primary  contacts  were  reversed  at 
full  load  and  full  speed?  I  have 
noticed  in  the  operation  of  induc- 
tion motors  with  the  ordinary  con- 
troller that  there  is  a  flash  across 
the  brushes  or  a  punctured  wind- 
ing in  case  the  controller  lever  ac- 
cidentally passes  the  off  position 
due  to  a  weak  or  broken  ratchet 
spring.  c.T.L. 

These  conditions  of  operation  are 
covered  in  No.  493,  November,  1910. 
If  full  voltage  is  applied  to  an  in- 
duction motor  running  at  approxi- 
mately synchronous  speed  in  a  di- 
rection opposite  to  normal,  the  ma- 
chine will  still  have  the  characteris- 
tics of  an  induction  motor.  It  will 
not  deliver  energy  to  the  line  but 
will  draw  sufficient  energy  from  the 
circuit  to  cover  all  the  losses  in  the 
motor,  the  current  being  equal  to  or 
somewhat  above  the  "locked"  cur- 
rent ;  that  is,  the  current  in  the 
secondary  circuit  would  be  very 
high,  unless  a  high  resistance  is  in- 
serted in  the  secondary  circuit  (the 
conditions  obtained  in  the  present 
case).  In  the  present  case,  while 
approximately  synchronous  speed 
would  be  obtained  at  the  moment  of 
reversal  of  the  primary  circuit,  the 
speed  of  the  motor  would  drop  rap- 
idly. At  the  moment  of  reversal  the 
voltage  and  the  frequency  of  the  cur- 
rent in  the  secondary  circuit  would 
be  double  their  normal  values.  (The 
secondary  frequency  is  equal  to  slip 
X  primary  frequency).  The  double 
value  of  voltage,  and  the  high  sec- 
ondary current  corresponding  to  such 
voltage,  are  the  probable  causes  of 
puncture  and  flashing  at  the  brushes 
in  the  secnnclary  circuit.  R.s.'p. 

662 — Magnet  for  Testing  Arma- 
ture Windings — Can  the  alter- 
nating-current magnet  shown  in 
Fig.  105,  article  on  "Winding  of 
Dynamo-Electric  Machines,"  in  the 
Journal  for  Dec,  1910,  be  applied 
to  small  induction  motor  stators 
in  testing  for  short-circuited  coils? 
How  is  "the  magnet  designed?  In 
case  only  one  turn  of  the  coil  was 
short-circuited  would  it  not  take 
a    magnet    of    a    great    number    of 
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turns  to  induce  magnetic  flux  suf- 
ticient  to  attract  even  a  small  piece 
of   iron?  d.e.v.p. 

Yes,  however,  a  much  smaller  de- 
vice would  be  more  convenient.  The 
testing  device   consists   essentially  of 
built  up  U-shaped  punchings  with  an 
exciting  coil  wound  upon  them.  For 
small  armatures,  a  core  of  about  six 
sq.    in.    cross-section    would    require 
approximately    120   turns    of    No.    10 
B.  &  S.  wire  in  the  exciting  coil  for 
60  cycles,  no  volts,  or  280  turns  for 
25  cycles,  no  volts-    Care  should  be 
taken  in  clamping  the  punchings  to- 
gether, that  a  non-magnetic  material 
such   as   brass   be   used,   otherwise   a 
large   amount   of   the   flux  will   leak 
through  the  bolts,  etc.     It  makes  lit- 
tle   difference   whether    one   or   more 
turns  of  the  coil  under  test  are  short- 
circuited.  H.D.B. 
663— Three-Phase    Motor  Changed 
to     Single-Phase — What     modifi- 
cations are  necessary  in  the  stator 
winding  of  a  five  hp,  three-phase, 
four-pole,  6o-cycle,  220-volt  induc- 
tion    motor,     speed     1 800     r.p.m., 
12.8     amperes     per     terminal,     to 
change  it  to  a  single-phase  motor, 
and    would   the    rotor    have   to    be 
changed?      Would    it    still    be   run 
on     a    220-volt     line;     would    the 
poles    have    to    be    the    same,    and 
would  it  still  have  the  same  horse- 
power, and  r.p.m.?                     s.m.n. 
This  motor  may  be  operated  on  a 
single-phase      circuit      without      any 
change    in   voltage   or   winding,   sim- 
ply  by    connecting   the   two    lines   to 
two  of  its  terminals  and  leaving  the 
third  one  open.     The  rotor  need  not 
be    changed.      The    single-phase    rat- 
ing  will   be   about  three   hp   and    its 
speed  will  remain,  approximately  the 
same,   or  possibly  two   or  three   per- 
cent   lower.      The    motor,    however, 
must   be   started  by  external   means, 
as    it    would    probably   cost   more   to 
make   it   self-starting  than   the   pr"ce 
of  a  new  self-starting  motor,    h.l.b. 
664 — Winding    Pitch    of    Induction 
Motors — In    the    stator    winding 
of   a   single-phase  induction  motor, 
what   is  meant  by  a  winding  pitch 
of   75   percent?     If   a   single-phase 
moitor    has    a    symmetrical    three- 
phase    winding    and    the    following 
data :      No.   of   slots   in   stator,  48 ; 
stator    coils,    48;    coils    per   group, 


4;  No.  of  poles,  4;  all  stator  poles 
'connected  in  multiple ;  speed  of 
rotor,  I  800  r.p.m.,  what  should  be 
the  coil  throw?  a.l.u. 

The  percent  pitch  is  the  percent  of 
the  pole  arc  spanned  by  each  coil. 
In  a  four-pole  machine  with  48  slots, 
there  are  consequently  12  slots  or 
teeth  per  pole  and  if  the  coil  then 
has  a  throw  of  i  and  10  it  spans  9 
teeth  out  of  12,  or  75  percent.  The 
(percent  pitch  to  be  used  in  a  ma- 
chine varies  according  to  its  design. 
This  is  determined  by  the  designer, 
as  it  affects  both  leakage  and  induc- 
tion to  a  considerable  extent.  To 
find  what  the  pitch  of  the  above  mo- 
tor should  be  inquire  of  the  manu- 
facturer, giving  serial  number  and 
its  complete  rating.  h.l.b. 

665 — Changing  Frequency  of  Fan 
Motor — It  IS  desired  to  rewind 
a  12-inch,  8-pole,  i2S-cycle  fan 
motor  for  operation  on  a  6o-cycle 
circuit.  Can  this  be  done,  and 
how  ?  W.F.W. 

This  is  covered  in  a  general  way 
by  No.  339,  December  1909.  Four 
poles  should  be  used  to  obtain  the 
desired  speed.  Although  it  would 
be  most  advisable  to  refer  the  matter 
to  the  manufacturers,  the  following 
may  possibly  be  of  assistance.  Re- 
wind the  motor  for  four  poles  in- 
stead of  eight,  using  the  same  distri- 
bution and  connection  of  the  wind- 
ings as  at  present,  except  that  five 
percent  more  wires  per  slot  should 
be  used  in  the  main  and  starting 
windings  than  at  present.  The  wire 
sizes  should  remain  the  same  as  at 
present  provided  it  is  possible  to 
find  room  for  them  in  the  winding 
spaces.  This  should  give  a  speed  of 
approximately  1 600  r.p.m.  on  a  60 
cycle  circuit  of  the  same  voltage  as  at 
present.  h.m.s. 

666 — Changing  Number  of  Phases 
of  Induction  Motor — Is  ir  prac- 
tical to  run  a  two-phase  induction 
motor  on  a  three-phase  circuit, 
connected  as  shown  in  Fig.  666  (a) 
or  a  three-phase  motor  on  a  two- 
phase  circuit  as  in  Fig.  666  (b),  as- 
suming that  the  voltages  of  the 
motors  correspond  to  line  voltage. 
Can  a  two-phase  motor  be  recon- 
nected for  three-phase,  or  vice 
versa?  If  so  how?  In  rewinding 
a  two-phase  motor  for  three-phase 
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or  vice  versa,  can  you  give  me  any 
formulas   for  finding  size  of  wire, 
throw    of    coils    and    number    of 
turns;  the  speed  and  voltage  to  re- 
main the  same  in  all  cases.        a.b. 
It  is  possible  to  operate  two-phase 
motors    on    three-phase    circuits    and 
vice   versa    in   the   manner   indicated, 
but,  ordinarily  it  would  not  be  prac- 
ticable, as  the  performance,  i.  e.,  ef- 
ficiency,   power-factor,    etc.,    becomes 
extremely  poor   and,    due   to   greatly 


Two-Phls£  Mot. 


Figs.   666    (a)   and   (b) 

unbalanced  currents  in  the  different 
phases,  the  motors  are  apt  to  over- 
heat. In  regard  to  re-connecting  or 
re-winding,  this  is  usually  possible, 
but  as  the  method  of  procedure  va- 
ries considerably  with  different  de- 
signs, it  would  be  best  to  refer  to  the 
manufacturer  for  instructions  in  each 
individual  case,  giving  the  serial 
number  and  full  rating  of  the  ma- 
chines in  question.  h.l.b. 

667 — Sections  of  Armature  Coil 
with  Different  Numbers  of 
Turns — In  winding  a  direct-cur- 
rent armature  what  objection,  if 
any,  would  there  be  if,  to  get  re- 
quired speed,  one  section  of  a  three 
section  coil  were  wound  with  a  dif- 
ferent number  of  turns  than  the 
other  two?  For  example,  29  slots, 
87  bars,  sections  per  coil  3,  wires 
per  slot  10.  This  makes  one  sec- 
tion with  one  turn  and  two  sec- 
tions with  two  turns  each.      a.w^.r. 


Armatures  have  been  wound  in 
this  manner  with  satisfactory  results. 
With  an  armature  so  wound,  satis- 
factory operation  will  depend  largely 
upon  whether  or  not  the  proportions 
of  slot,  core  and  pole  are  such  that 
satisfactory  commutation  would  be 
secured  if  all  of  the  coils  were  made 
two-turn.  That  is,  if  the  induced 
voltage  in  the  coils  short-circuited 
by  the  brushes  is  low  enough,  the 
machine  will  probably  operate  sat- 
isfactorily, though  there  is  a  pos- 
sibility that  there  may  be  enough  un- 
balancing of  current  delivered  to  the 
coils  by  the  brushes  to  cause  spotting 
of  the  commutator.  j.m.h. 

668 — Currents  and  Voltages  in  Au- 
to-Transformer— In  a  step-down 
auto-transformer,  does  that  sec- 
tion of  the  coil  between  the  sec- 
ondary leads  carry  more  current 
than  the  primary  section?  For  ex- 
ample, if  I  000  watts  are  taken  by 
the  primary  at  100  volts  and  10 
amperes,  would  100  amperes  flow 
if  the  secondary  voltage  is  10  volts. 

B.L. 

Yes,  the  section  of  the  winding 
which  serves  as  both  primary  and 
secondary  carries  a  current  greater 
than  that  of  the  remaining  section, 
and  the  amount  of  copper  in  the  sec- 
ondary section  should  be  correspond- 
ingly greater.  The  total  power 
(voltage  X  current)  in  the  secondary 
section  must  equal  the  total  power  in 
the  primary  section.  Thus,  for  the 
above  example,  with  a  secondary 
voltage  of  ten  volts,  a  total  sec- 
ondary current  of  100  amperes  and 
a  primary  applied  voltage  of  100 
volts,  the  voltage  across  the  primary 
section  of  the  winding  exclusive  of 
the  part  which  serves  also  as  the  sec- 
ondary, will  be  90  volts,  and  its  cur- 
rent ten  amperes.  The  products  are 
seen  to  be  equal.  This  was  covered 
by  No.  303,  Sept.,  1909.  w.m.m. 

669 — Lightning  Arrester  Ground 
For  a  Three-Wire  Direct-Cur- 
rent Lighting  System  —  I  have 
equipped  a  three-wire,  direct-cur- 
rent 2  X  120  volt  overhead  light- 
ing system  with  type  MP.  light- 
ning arresters.  The  neutral  is 
at  several  points  along  the 
line.      The    five    copper   wires    of 
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the  system  are  arranged  symmetri- 
cally about  the  axis  of  the  pole  in 
the  following  way :  The  grounded 
neutral  is  carried  on  the  top  of  the 
poles ;  the  +  and  —  street  lighting 
wires  16  inches  lower  and  16  inches 
apart  in  the  same  horizontal  plane 
and  the  +  and  —  house  lighting 
distribution  wires  16  inches  under 
the  street  lighting  wires.  All  lamps 
are  branched  between  the  neutral 
and  one  of  the  outers.  The  neu- 
tral, common  to  street  lighting  and 
ordinary  house  lighting  being 
grounded,  is  not  protected  in  any 
other  way.  The  street  lighting 
wires,  being  in  the  protective  zone 
of  the  neutral,  have  no  special  pro- 
tection either.  The  two  lower 
wires,  although  also  protected  by 
the  neutral  are  equipped  with  MP. 
arresters,  a  certain  number  of  poles 
carrying  two  arresters,  to  the 
line  terminals  of  which  the  outers 
are  connected.  The  ground  ter- 
minals are  both  connected  to  an 
earth  plate  which  also  serves  to 
ground  the  neutral.  Is  there  any 
objection  to  this  practice  and  do 
you  think  it  is  allowable  to  leave 
the  street  lighting  wires  without 
arresters?  What  is  the  maximum 
safe  distance  between  the  pairs  of 
arresters  along  a  level  road  with 
few  trees  and  fewer  houses  in  a 
country  where  lightning  disturb- 
ances are  frequent  but  not  severe. 

P.B. 

There  will  be  no  objection  to  a 
combined  ground  if  the  frames  of 
the  machines  are  also  connected  to  it, 
and  a  good  ground  is  obtained.  It  is 
preferable  to  have  lightning  arresters 
connected  to  all  of  the  wires  and 
spaced  about  one  thousand  feet 
apart.  R.P.J. 

670 — Ground  Detector  for  Circuit 
with  one  line  Normally  Ground- 
ed— A  very  simple,  though  not 
particularly  sensitive,  ground  de- 
tector for  a  two  (or  three)  wire 
low  voltage  circuit  consists  of  two 
lamps  connected  in  series  across 
the  outers,  the  voltage  of  these 
lamps  to  be  the  same  as  the  differ- 
ence of  potential  between  the  outer 
leads.  The  wire  which  joins  the 
lamps  is  grounded.  Is  there  a  sim- 
ilar device  for  a  system,  one  of  the 
wires  of  which  is  permanently 
grounded?  p.  b. 


The  purpose  of  a  ground  detector 
is  to  give  a  warning  when  the  first 
break  in  insulation  occurs,  thereby 
giving  time  to  repair  it,  before  a  sec- 
ond one  of  opposite  polarity  may 
occur  and  thus  cause  damage.  If 
the  opposite  polarity  is  purposely 
grounded  there  is  thus  no  object  in 
indicating  a  ground  on  the  normal- 
ly ungrounded  wire,  as  it  will  mani- 
fest itself  with  sutificient  certainty 
without  any  ground  detector.  We 
do  not  know  of  any  indicating 
scheme  that  can  be  used  for  this  pur- 
pose. P.M. 
671 — Relation  of  Current  and 
Voltage  in  Generator — What  is 
the  principle  involved  in  increasing 
the  amperage  and  decreasing  the 
voltage  given  out  by  a  dynamo? 
Can  the  amperage  be  increased 
without  raising  the  voltage  cor- 
respondingly and  vice  versa?  What 
is  the  relation  of  these  quantities 
to  the  output?  j.L.c. 
In  the  ordinary  dynamo  the  volt- 
age is  varied  by  changing  the  excita- 
tion of  the  field  magnets.  The  volt- 
age which  can  be  obtained  is  limited 
by  maximum  excitation  obtainable 
with  a  practicable  amount  of  excit- 
ing current,  and  in  the  ordinary  ma- 
chine it  is  rarely  possible  to  obtain 
more  than,  perhaps,  10  percent  higher 
than  normal  voltage.  The  voltage 
can  be  decreased  to  any  extent  desir- 
ed by  decreasing  the  excitation  of  the 
field,  but  as  the  voltage  is  lowered 
the  permissible  amperage  will  be  lim- 
ited by  sparking  at  the  commutator. 
As  the  voltage  is  lowered  and  the 
field  weakened,  the  effect  of  the  arm- 
ature reaction  (due  to  the  current 
flowing  in  the  armature)  is  increased 
so  that  as  the  voltage  is  decreased 
the  current  must  also  be  decreased 
in  order  that  good  commutation  may 
be  obtained;  thus  the  kw  output  (the 
product  of  volts  and  amperes  divided 
by  I  000  equals  kw)  will  decrease 
rapidly  with  decrease  of  voltage. 
The  extent  to  which  the  ampere  out- 
put must  be  reduced  as  the  voltage 
is  reduced  depends  upon  the  com- 
mutating  qualities  of  the  machine 
concerned.  If  the  machine,  however, 
is  not  of  the  ordinary  type,  but  is 
provided  with  auxiliary  or  commu- 
tating  poles,  the  current  output  will 
be  practically  independent  of  the 
voltage  delivered  by  the  generator, 
and  will  be  limited  only  by  the  heat- 
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ing  of  the  windings  and  not  by 
sparking  at  the  commutator.  In  fact, 
in  many  generators  of  the  auxiliary 
pole  type,  the  voltage  can  be  reduced 
from  maximum  to  zero  without  de- 
creasing the  current  output,  as  the 
harmful  effect  of  the  armature  re- 
action is  altogether  prevented  by  the 
use  of  the  commutating  poles,     f.i.h. 

672 — Efficiency  of  Mercury  Arc 
Rectifier  Sets — How  does  the  ef- 
ficiency of  the  mercury  arc  recti- 
fier set  vary  wnth  the  age  of  its 
tube?  These  tubes  are  guaranteed 
from  400  to  600  hours  and  some- 
times exceed  this  guarantee  by 
several  thousand  hours.  Now  as- 
suming that  an  85  light,  6600  volt, 
25  cycle,  6.6  direct-current  amoere 
set  had  an  initial  efficiency  of  Qo 
percent,  what  would  be  the  condi- 
tions after  the  tube  had  been  hi 
operation  3  000  hours  or  five  times 
the  maximum  guaranteed  duration 
of  life?  A.w.w. 

The  efficiency  of  the  bulb  does  not 
decrease  with  increase  in  life.  The 
bulb  has  a  constant  loss  of  approxi- 
mately 125  watts  at  any  reasonable 
load.  The  loss  in  the  bulb  is  a  very 
minute  proportion  of  the  losses  in  a 
complete  rectifier  outfit.  Even  if  the 
loss  in  the  bulb  doubled  toward  the 
end  of  its  life,  the  efficiency  of  the 
rectifier  outfit  would  be  little  af- 
fected. C.E.S. 

673  —  Starting  Characteristics  of 
Wound  Secondary  Induction  Mo- 
tor— When  the  starting  resist- 
ance is  removed  from  a  five  hp., 
60  cycle,  three  phase,  220  volt,  i  200 
r.p.m.  induction  motor  with  delta- 
wound  stator,  and  the  secondary 
winding  is  short-circuited  : —  a — 
Why  is  the  starting  torque  low  ex- 
cept at  points?  What  are  the  gen- 
eral characteristics  while  in  this 
condition?  As  an  experiment  I  put 
a  short-circuiting  ring  on  each  end 
of  the  rotor  winding  (sweating  on 
12  turns  of  No.  12  copper  wire) 
leaving  the  original  terminals 
short-circuited.  With  a  portable 
polyphase  wattmeter  and  an  amme- 
ter I  found  no  great  difference  be- 
tween the  improvised  squirrel  cage 
winding  and  the  regular  form  of 
squirrel  cage  machine,  except  that 
the   starting   current    was    slightly 


higher  and  the  short-circuiting 
band  ran  a  little  hot  at  full  load. 
The  starting  torque  was  uniform 
all  around  the  rotor  and  the  losses 
were  about  the  same,  b — If  the 
same  rotor  winding  were  con- 
nected in  Y  instead  of  in  delta, 
what  would  be  the  general  charac- 
teristics? I  believe  that  some 
manufacturers  use  this  scheme  to 
start  induction  motors.  a.g.w. 

a — In  a  polar  wound  rotor,  the 
short-circuit  currents  are  constrained 
to  follow  certain  paths  around  the 
rotor;  the  counter  effect  of  these 
currents  (armature  reaction)  upon 
the  stator  when  at  standstill  depends 
upon  the  relative  position  of  the  sta- 
tor and  rotor  windings ;  hence  the 
high  and  low  spots  in  the  torque  val- 
ues observed.  In  the  squirrel  cage 
winding  the  short-circuit  currents 
are  not  constrained  to  follow  differ- 
ent paths,  but  may  so  dispose  them- 
selves as  to  be  different  in  strength 
at  different  points  on  the  periphery 
of  the  rotor;  thus,  the  torque  at 
standstill  is  equalized  in  two  posi- 
tions and  these  high  and  low  spots  in 
the  torque  are  eliminated.  The  gen- 
eral characteristics  which  would  be 
obtained  in  this  case  would  be,  low 
slip;  good  efficiency;  low  starting 
torque;  high  starting  current.  There 
should  be  no  difference  in  the  results 
obtained  by  measurement  in  the  two 
cases,  provided  the  work  is  carefully 
done,  b — The  general  characteristics 
would  be  the  same  as  before,  viz., 
smaller  current  flowing  through  a 
greater  number  of  turns  in  series, 
giving  the  same  ampere-turns  as  in 
the  case  of  the  delta  connection.  The 
star-delta  arrangement  for  starting  is 
sometimes  used  for  the  primary  cir- 
cuit with  cage  winding,  but  not  in 
connection  with  the  secondary  wind- 
ing for  starting.  a.m.d. 

674  —  Central  Station  Povi^er  for 
Factory — Cost  of  Heating — In  es- 
timating the  cost  of  central  station 
power  for  factory  drive,  how  much 
should  be  added  for  factory  heat, 
using  low  pressure  steam?  Can 
the  coal  consumption  be  determined 
by  formula  or  from  results  of  ex- 
perience? The  space,  temperature 
desired,  proportion  of  windows, 
and  the  length  of  the  heating  sea- 
son are  variable  factors.  b.p. 
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This  question  can  be  answered 
only  in  general.  When  exhaust 
steam  is  used  for  heat,  the  cost  of 
heating  is  ordinarily  taken  as  being 
a  certain  proportion  of  the  total  cost 
of  private  plant  operation.  This  de- 
pends upon  the  following  factors : — 
First,  amount  of  steam  required  to 
furnish  the  power  requirements  of 
the  factory ;  second,  amount  of  ex- 
haust steam  required  to  meet  the 
heating  requirements  of  the  factory ; 
third,  relation  between  time  of  day 
at  which  the  maximum  power  load 
occurs,  and  at  which  the  maximum 
steam  heating  load  occurs.  The 
power  and  heating  requirements  of 
the  factory  can  be  handled  in  two 
ways,  viz.,  by  generating  the  power 
with  condensing  units  and  furnishing 
heating  steam  from  the  boilers ;  or 
by  generating  the  power  from  non- 
condensing  units  and  using  the  ex- 
haust steam  for  heating  the  factory. 
The  choice  of  methods  hinges  upon 
the  relative  amount  of  steam  re- 
quired for  power,  and  the  amount  of 
steam  required  for  heat.  If  the 
power  requirements  are  large  so  tliai 
the  installation  of  non-condensing 
units  would  mean  that  the  amount 
of  steam  exhausted  would  be  greater 
than  the  amount  of  steam  required 
for  heating,  then  when  the  cost  of 
this  excess  exhaust  steam  is  greater 
than  the  fixed  charges  on  the  cost  of 
a  condensing  plant  over  and  above 
the  cost  of  the  non-condensing 
plant,  a  condensing  plant  should  be 
installed.  When  the  conditions  are 
reversed,  that  is,  when  the  demand 
for  low  pressure  steam  is  large,  a 
non-condensing  plant  should  be  in- 
stalled. The  amount  of  steam  re- 
quired for  heating  can  be  determined 
within  a  reasonable  degree  of  accu- 
racy by  calculation  of  the  heat  losses 
of  the  building.  If  the  heating  is 
done  by  exhaust  steam,  the  value  of 
that  steam  is  sometimes  estimated  as 
being  the  difference  between  the  op- 
erating cost,  plus  fixed  charges  on  a 
non-condensing  plant  capable  of  sup- 
plying the  total  power  and  heat  re- 
quirements, and  the  operating  costs 
and  fixed  charges  on  a  condensing 
plant  capable  of  supplying  the  power 
requirements  alone.  It  is  very  rarely 
the  case,  however,  that  existing 
plants    have   been    installed     so     that 


they  can  be  operated  under  the  most 
economical  conditions.  It  also  rarely 
happens  that  the  maximum  power 
load  comes  on  at  a  time  when  the 
maximum  steam  demand  for  heating 
occurs.  In  practical  operation,  there- 
fore, it  is  necessary  at  certain  times 
of  the  day  to  supply  live  steam  from 
the  boilers  for  heating,  and  at  other 
times  of  the  day  to  exhaust  steam 
from  the  generating  units  to  the  at- 
mosphere. It  is  practically  impossi- 
ble to  formulate  any  general  rule  to 
be  followed  in  all  cases ;  each  case 
must  be  analyzed  separately,  as  out- 
lined in  the  foregoing  discussion. 
Under  average  factory  conditions 
where  the  demands  are  diversified 
and  variable,  such  an  analysis  be- 
comes quite  complicated  in  detail. 
See  article  on  "Industrial  Engineer- 
ing by  the  Central  Station,"  by  Mr. 
John  C.  Parker,  in  the  Journal  for 
Feb.,  1910,  pp.  137  and  142.  r.d.d. 

675 — Rotary  Converters  for  i  200  to 
I  500  Volts,  25  Cycles  and  60  Cy- 
cles— Is  it  possible  to  build  25 
and  60  cycle,  i  200  and  i  500  volt 
rotary    converters?  j.e.s. 

Rotary  converters  for  25  cycles 
can  be  built  to  give  i  200  and  i  500 
volts  direct-current.  Sixty  cycle  con- 
verters have  so  far  not  been  at- 
tempted, on  account  of  the  difficulty 
in  getting  enough  commutator  bars 
with  the  close  brush  holder  spacing 
inevitable  with  60  cycle  converters. 

F.D.N. 

676 — Armature  Resistance  of  Ro- 
tary Converter — Can  the  effec- 
tive armature  resistance  of  a 
three-ring  rotary  converter  be 
measured  directly  with  a  bridge? 
For  instance,  short-circuit  rings 
b  and  c,  so  that  current  enters 
these  rings  and  flows  out  of  ring 
(7,  and  then  taking  the  drop  across 
b  and  a,  for  instance.  Taking  a 
a  particular  case:  The  armature 
resistance  on  the  direct-current 
end  equals  0.01975  ohms  for  mul- 
tiple circuit.  For  a  single  coil, 
resistance  equals  0.0227  ohms.  Re- 
sistance on  alternating-current  end 
per  phase  equals  0.0186  ohms.  The 
resistance  as  hinted  at  above  was 
not   taken.  j.d.s. 

The    effective    resistance    of    a    ro- 
tarv    converter    cannot    be    measured 
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by  a  bridge.  The  resistance  across 
rings  has  a  purely  mechanical  rela- 
tion to  the  resistance  measured  be- 
tween the  bars  under  adjacent  brush 
holders.  The  ratio  of  tfhe  resis- 
tance measured  on  the  commutator 
as  in  a  direct-current  generator  is 
as   follows: — 

Direct-current   generator    ...    i.oo 

Single-phase   converter    i.oo 

Two-phase    converter    Ije- 
tween  rings  i   and  3 i.oo 

Three-phase  converter,  be- 
tween any  two  rings O.89 

Six-phase  converter,   be- 
tween  rings  I    and  2     .      .   0.556 

The  effective  resistance  used  in 
calculating  the  copper  loss  in  the 
armature  is  gotten  by  multiplying 
the  resistance  taken  across  the  bars 
under  adjacent  brush  arms  by  the 
constant  derived  by  calculating  the 
ratio  of  energy  loss  in  the  arma- 
ture coils  compared  with  the  same 
machine  operated  as  a  direct-current 
generator. 

The     following     table     gives     this 
ratio      for    various    types    of    rotary 
converters : — 
D.C.  i-Ph.  2-Ph.  3-Ph.  6-Ph.  I2-Ph. 

I.oo     1.457     0.385     0.585     0.267     0.201 

These  values  show  relative  current 
heating,  and,  therefore,  relative  en- 
ergy loss. 

The    current    flowing    in    the    ar- 
mature conductors  of  a  converter   is 
in   effect   the    difference   between   the 
alternating-current  input  and  the  di- 
rect-current  output.     A   method    for 
the    calculation    of   this    current    was 
given  in  an  article  by  Dr.   Steinmetz 
in  the  Electrical  World,  for  Decem- 
ber   17,    1898.  C.C.B. 
677 — Lighting  and  Power  Load  on 
Railway    Transmission    Circuit — 
To    obtain    commercial    power    and 
lighting   from   a    three-phase    rail- 
way transmission  line,  is  it  best  to 
use  60  cycles  and  three-phase — two- 
phase  transformers,  or  use  25  cycle 
transmission  and    change    to    two- 
phase,  60  cycles  by  a  motor-genera- 
tor,   using    an    automatic    voltage 
regulator  on  the  lighting  circuits. 

C.L.G. 

(a) — The  selection  of  the  fre- 
quency for  the  transmission  system 
will  depend  upon  the  relative  impor- 
tance of  the  railway  and  other  load. 
If  the  lighting  and  power  load  is  of 


any  considerable  amount  in  compari- 
son with  the  railway  load,  generation 
and  transmission  should  be  at  60 
cycles,  and  60  cycle  rotary  converters 
used  for  the  railway  load.  If  the 
lighting  and  power  load  is  of  only 
minor  importance,  compared  with  the 
railway  load,  then  a  frequency  of  25 
cycles  would  be  best  on  account  of 
the  more  rugged  operating  character- 
istics of  25  cycle  converters.  While 
there  has  been  considerable  prejudice 
among  some  operators  against  60 
cycle  rotary  converters,  present  de- 
signs are  entirely  reliable  and  the 
small  difference  between  the  operat- 
ing characteristics  of  25  and  60  cycle 
converters  of  modern  design  does 
not  warrant  any  material  increase  in 
the  first  cost  of  the  sub-station  ap- 
paratus. When  supplying  railway  and 
lighting  loads  from  the  same  genera- 
tor some  provision  for  automatic 
voltage  regulation  of  the  lighting 
feeders  will  be  necessary.  This  reg- 
ulation may  be  accomplished  by  auto- 
matic voltage  regulators  on  the  gen- 
erating units  controlled  from  the 
voltage  of  the  lighting  feeders  or  by 
individual  feeder  regulators  installed 
in  the  different  lighting  feeders.  The 
method  of  regulation  that  should  be 
selected  depends  entirely  on  local 
conditions.  We  assume  that  the  ref- 
erence to  two-phase  60  cycle  circuits 
in  the  question  is  due  to  the  existence 
of  such  circuits.  There  is,  of  course, 
no  necessity  for  transformation  from 
three-phase  to  two-phase  in  consid- 
ering a  new  system.  f.d.n. 

678 — Rotary  Converter  vs.  Motor- 
Generator  for  Railway  Work- 
Compare  l)riefly  the  rotary  con- 
verter with  the  motor-generator 
for  electric  railway  work,  giving 
points  both  in  favor  and  against 
each,  including  a  comparison  of 
cost,  efficiency,  etc.  Let  case  con- 
sidered be  that  of  long  distance  in- 
terurban  line.  c.l.g. 

If  rotary  converters  can  be  used 
they  will  be  cheaper  and  most  effi- 
cient. Under  conditions  of  poor  line 
regulation,  however,  their  operation 
will  probably  be  unsatisfactory.  The 
motor-generator  is  less  sensitive.  In ' 
a  paper  on  "Motor-Generators  vs. 
Synchonous  Converters,  with  Special 
Reference  to  Operation  on  Long  Dis- 
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tance  Transmission  Lines,"  Trans. 
A.  I.  E.  E.,  1907,  Vol.  XXVI.,  p.  303. 
a  comprehensive  consideration  of  this 
subject  is  given.  This  is  followed  by 
a  discussion  covering  some  37  pages. 
From  this  paper  the  following  is  ab- 
stracted :  I — Greater  realiability  may 
be  expected  with  the  rotary  converter 
as  there  is  but  one  machine  instead 
of  two  to  get  out  of  order.  How- 
ever, in  case  of  trouble  on  the  line, 
causing  interruption  of  power,  the 
converter  has  to  be  re-started  and 
synchronized;  the  synchronous  mo- 
tor-generator also  has  to  be  re-syn- 
chronized, unless  of  the  self-starting 
type;  the  induction  motor,  on  the 
other  hand,  is  self-starting.  A  25 
cycle  converter  is  no  more  liable  to 
bucking  than  the  direct-current  gen- 
erator of  the  motor-generator  set. 
Operating  conditions  in  railway  work 
are  such  that  there  is  greater  cause 
for  bucking  than  in  other  applica- 
tions. Sixty  cycle  converters  are 
more  sensitive  to  such  conditions  be- 
cause the  brushes  are  closer  together. 
2 — Ability  to  adjust  the  initial  volt- 
age is  a  characteristic  possessed  by 
the  motor-generator,  as  the  direct- 
current  voltage  is  absolutely  inde- 
pendent of  the  alternating-current 
source.  The  converter  suffers  its 
greatest  handicap  in  this  regard,  un- 
less some  special  device  is  provided, 
because  the  direct-current  voltage  is 
dependent  upon  the  alternating-cur- 
rent source.  As  regards  automatic 
change  of  voltage  with  variation  of 
load  there  is  in  general  no  gain  in 
either  type  of  machine  over  the  other. 
As  regards  the  eft'ect  of  variation  in 
incoming  line  voltage  and  frequency, 
the  converter  has  the  characteristic 
of  changing  the  direct-current  volt- 
age about  in  the  same  percentage  as 
variations  on  the  alternating-current 
side.  The  motor-generator,  on  the 
other  hand,  responds,  in  general,  only 
to  change  in  frequency,  the  percent- 
age variation  in  direct-current  volt- 
age for  a  given  percent  change  in  the 
frequency  of  the  alternating-current 
source  being  nearly  in  the  ratio  of 
two  to  one.  However,  changes  in 
voltage  are  usually  much  greater 
than  frequency  variations,  and  ac- 
cordingly, the  converter  ultimately 
does  not  suffer  by  comparison.  For 
some     applications    the     rotary    con- 


verter is  absolutely  unusable,  e.  g., 
where  steady  voltage  is  desired  for 
lighting  and  the  alternating-current 
source  undergoes  fluctuations  of 
voltage  and  frequency  due  to  causes 
other  than  the  direct-current  load  un- 
der consideration.  3 — Correction  of 
power-factor  of  inductive  load  is  ob- 
tainable where  synchronous  machines 
are  connected  to  the  circuit,  through 
increase  of  field  excitation  of  these 
machines.  As  the  excitation  of  the 
induction  motor  is  inherently  beyond 
the  control  of  the  operator  it  need 
not  be  considered  in  this  connection. 
As  regards  the  converter  and  syn- 
chronous motor,  it  is  primarily  de- 
sirable that  the  direct-current  voltage 
remain  as  constant  as  possible,  inde- 
pendent of  the  load,  and  that  it  shall 
be  adjustable  at  the  will  of  the  op- 
erator. Herein,  the  synchronous  ma- 
chine has  a  direct  advantage  in  that 
power-factor  correction  can  be  ef- 
fected without  affecting  the  direct- 
current  voltage.  (See  Nos.  410  and 
420.)  4 — The  rotary  converter  has  a 
decided  advantage  as  regards  effi- 
ciency. It  is  a  case  of  losses  in  one 
machine  against  losses  in  two ;  more- 
over, in  the  converter  the  losses  are 
ordinarily  somewhat  less  than  in 
either  of  the  elements  of  the  motor- 
generator  set.  When  considering 
cost  of  power,  this  may  become  a 
most  important  factor.  5 — As  re- 
gards cost,  the  rotary  converter  has  a 
decided  advantage.  Again  it  is  one 
machine  against  two  and  the  con- 
verter cost  is  not  much  greater  than 
either  element  of  the  motor-genera- 
tor set.  6^For  parallel  operation, 
proper  division  of  the  direct-current 
load  must  be  obtained  as  well  as 
proper  operation  on  the  alternating- 
current  side,  so  that  there  will  be 
freedom  from  hunting.  (See  Nos. 
435>  436  and  442.)  In  regard  to  the 
first  of  these  items  there  is  no  ques- 
tion between  the  two  types  of  _  ma- 
chines. In  regard  to  the  second  item, 
the  induction  motor  is  less  liable  to 
trouble,  as  hunting  cannot  occur. 
The  synchronous  motor  and  con- 
verter are  about  on  a  par  in  this  re- 
gard. 7 — At  starting,  there  should 
be  a  minimum  draft  of  current  from 
the  line.  If  starting  from  the  alter- 
nating-current end,  there  should  also 
be  ease  of  synchronizing.     As  a  rule, 
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good  running  characteristics  from 
the  alternating-current  end  means 
poor  starting  characteristics.  The 
converter  has  an  advantage  over  the 
synchronous  motor-generator  in  that 
only  about  one-half  of  the  mass  is  in- 
volved. Although  the  induction  mo- 
tor has  better  starting  characteristics, 
it  also  has  double  the  mass  of  the 
converter.  In  case  a  starting  motor 
is  provided,  the  converter  still  has 
this  advantage.  In  regard  to  syn- 
chronizing, the  induction  motor  has  a 
greater  advantage  in  that  it  is  not 
required.  There  is  little  choice 
between  the  converter  and  synchron- 
ous motor  as  regards  synchronizing. 
To  summarize: — In  i,  4,  and  5  the 
converter  shows  a  distinct  advantage. 
In  6,  all  methods  are  on  a  par.  In 
2,  3,  and  7  either  the  synchronous  or 
induction  motor  set  has  an  advantage 
over  the  converter.  In  7,  the  ad- 
vantage is  not  marked.  In  2  and  3, 
the  disadvantage  of  the  converter 
largely  disappears  with  the  addition 
of  a  means  of  voltage  regulation. 
There  are,  therefore,  but  few  cases 
where  the  rotary  converter  should 
not  be  used  in  preference  to  a  syn- 
chronous or  induction  motor-genera- 
tor set.  In  this  same  connection  note 
article  on  "Induction  Motor  and  the 
Rotary  Converter  and  Their  Relation 
to  the  Transmission  Svstcm,"  in  the 
JouRN.\L,  Feb.,  1905,  p.  92.  P.M.L. 

679 — Splicing  Belts  —  Please  give 
formula  for  splicing  together  end- 
less leather  belts  without  using 
rivets.  t.l.m. 

If  a  new  belt,  scarf  or  bevel  tlie 
laps  ;  on  single  belts  six  inches  wide 
and  under  making  the  scarf  six 
inches  long ;  on  belts  wider  than  si.K 
inches,  the  lap  should  be  at  least 
equal  to  the  width  of  the  belt.  On 
double  belting  under  12  inches  in 
width,  the  lap  should  be  12  inches 
long,  and  for  wider  belts  two  inches 
longer  than  the  width  of  the  belt. 
Use  belt  makers'  cement,  which 
should  be  applied  hot  to  both  pieces 
of  the  lap,  and  then  put  the  splice  un- 
der pressure,  or  hammer  with  wood 
or  raw  hide  mallet,  or  rub  down  until 
thoroughly  set.  Do  not  use  belts  for 
three  or  four  hours  after  cementing. 
On  old  belting  the  laps  should  be 
thoroughly  cleaned  of  all  oil,  dirt  or 
old  cement  before  applying  any  ce- 
ment. A..R. 


680 — Separating  Lightning  Arrester 
Grounds  —  Two  hydro-electric 
power  plants  in  opposite  directions 
from  a  sub-station,  one  with  a  five 
mile  transmission  and  the  other 
with  a  three  mile  transmission,  de- 
liver their  power  at  11  000  volts. 
Trouble  from  lightning  has  been 
experienced.  Each  circuit  has  five 
2000  volt  double-pole  lightning  ar- 
resters in  series.  A  set  of  Gola 
type  Italian  arresters  are  connected 
on  a  short  line  to  an  adjoining 
building  containing  a  11 000  volt, 
600  hp,  synchronous  motor.  For- 
merly each  set  of  arresters  had  a 
ground  of  its  own  (about  50  feet 
apart)  but,  owing  to  repeated  trou- 
ble, the  ground  wires  were  all  con- 
nected together  by  a  No.  4  copper 
wire.  To  improve  the  ground  this 
wire  was  run  back  a  pole  or  two 
where  it  was  connected  to  an  eight 
inch  water  main.  The  ground  has 
only  about  two  feet  of  soil  on  top 
of  the  rock,  which  is  a  soft  shaley 
limestone;  water  is  always  found 
down  about  four  feet.  Plates  were 
attached  to  the  ground  wires  and 
laid  in  the  water.  The  hole  was 
then  filled  with  cinders.  To  fur- 
ther protect  the  power  lines  a  set 
of  electrolytic  arresters  is  to  be  in- 
stalled. Please  advise  as  to  wheth- 
er a  separate  ground  wire  should 
l)e  run  into  the  rocky  ground  or 
connection  made  to  the  present 
common  ground.  Would  you  ad- 
vise moving  all  the  other  arresters, 
or  not?  I  have  seen  a  discharge 
(if  lightning  arc  at  the  horns  on  the 
Italian  arresters  when  the  three- 
phase  power  line  switch  was  open 
(tiiree  single-pole  11  000  volt, 
quick-break  .switches).  This  dis- 
charge must  have  followed  back  by 
way  of  the  ground  wire  to  the 
horns  of  these  arresters.  e.w.b. 

If  the  present  ground  is  not  over 
100    feet    distant    from    the    arresters 
and  always  wet  it  should  be  used  also 
for  the  new  arresters.     Continue  the 
old   arresters    in    service   also    unless 
their  discharge  causes  disturbance  to 
the   power   circuit    by    lowering    the 
voltage  or  tripping  the  circuit  break- 
ers.   "  R.r.J. 
681 — Water  Rheostat  for  Maintain- 
ing   Uniform    Lead    on    Hydro- 
Electric     Station       ]n    a    hydro- 
electric  power   plant   situated   on   a 
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canal,  in  which  power  is  generated 
at  550  volts,  three-phase,  stepping 
up  to  1 1  000  volts  for  transmission, 
there  has  been  considerable  diffi- 
culty in  regulating  the  water  levels 
owing  to  the  variable  load.  When 
full  load  is  generated,  a  certain 
number  of  stop  logs  must  be  in 
place  to  maintain  the  navigation 
water  level.  If  there  is  any  change 
in  the  load,  a  certain  number  of 
stop  logs  must  be  raised  to  main- 
tain the  level.  In  order  to  over- 
come this  difficulty  I  propose  to  use 
a  resistance  in  the  water  as  a 
means  of  maintaining  a  uniform 
load  on  the  power-house.  One  plan 
was  to  use  iron  wire  wound  in 
spirals  and  arranged  for  three- 
phase  operation,  each  resistance  to 
take  100  hp,  these  rheostats  being 
operated  from  the  switchboard  by 
an  oil  switch  with  a  current  con- 
trolling coil  in  the  circuit.  Four 
hundred  hp  would  be  the  maxi- 
mum power  to  be  absorbed  by  the 
resistance.  Another  suggested  plan 
was  to  use  an  adjustable  resistance 
in  the  water,  formed  by  using 
three  iron  pipes,  one  at  each  point 
of  an  equilateral  triangle  control- 
led by  raising  and  lowering  into 
the  water.  Would  you  advise  me 
which  of  these  two  suggested  ar- 
rangements is  best  suited  to  the 
purpose.  If  the  latter  is  approved 
what  distance  apart  should  the 
pipes  be  placed  and  what  length 
and  diameter  of  pipe  would  be 
suitable  for  550  volts?  e.w.b. 

Local  conditions,  such  as  loca- 
tion of  power  house,  material 
available  and  the  capital  to  be  in- 
vested, would  to  some  extent  deter- 
mine the  answer  to  this  question.  A 
rheostat  formed  of  iron  pipes  or 
plates  arranged  to  be  raised  or  lower- 
ed in  the  water  would  be  difficult 
of  _^  construction  besides  being,  in 
most  cases,  very  unsatisfactory.  If 
four  wire  rheostats,  immersed  in 
water,  are  desired,  each  to  carry  ap- 
proximately 100  hp,  we  would  sug- 
gest the  following  arrangement: 
For_  each  rack  connect  in  star  three 
sections  each  formed  of  approxi- 
niately  2  000  ft.  of  No.  10  galvanized 
iron  wire  wound  in  spirals  and  sup- 
ported rigidly  on  iron  frames.  Care 
should  be  taken  to  have  the  coils  well 


supported  and  insulated;  also  to  see 
that  two  coils  wound  in  the  same 
direction  come  side  by  side  in  the 
rack  to  reduce  the  inductance  as 
much   as  possible.  c.n.j. 

682— Application  of  Tirrill  Voltage 
Regulator— A  Tirrill  voltage  reg- 
ulator, type  TA,  125,  form  F3, 
with  alternating-current  voltage  of 
100-125  and  exciter  voltage  of  70- 
140,  is  to  be  connected  to  a  100  kw, 
125  volt  compound-wound  exciter 
which  is  supplying  power  for 
cranes  and  motors,  also  the  ex- 
citing current  for  seven  500  kw  al- 
ternating-current generators  whose 
alternating-current  voltage  is  to  be 
kept  constant  by  the  regulator. 
Will  this  regulator  keep  the  alter- 
nating-current voltage  constant  and 
operate  satisfactorily?  w.s.b. 

A  Tirrill  regulator  of  the  above 
type   used   in   connection   with   a   100 
kw,  125  volt  exciter,  should  give  per- 
fectly  satisfactory   operation    on  'the 
seven     500     kw     alternating-current 
generators,   if   properly   connected   in 
accordance     with     instructions.     The 
trouble    experienced    in  "the    plant    in 
question,  if  any,  will  come  from  the 
operation   of  the   cranes  and  motors 
from  the  exciter,  as  the  exciter  volt- 
age   will    vary    over   a    broad    range 
and  will  no  doubt  give  poor  results 
on  the  motors  and  cranes  connected 
to  the  exciter  circuit.     If  trouble   is 
experienced,    another    source    of    di- 
rect-current for  the  cranes  and  mo- 
tors should  be  provided,  leaving  the 
exciter  completely  under  the  control 
of  the  regulator  for  the  single   pur- 
pose   of    'regulating    the    alternating- 
current  voltage.  A.x.T. 
683 — Angle  Irons  Used  as  Trolley 
Wires  on   Crane — On   our  three- 
ton  electric  crane  we  have  consid- 
erable trouble  in  keeping  the  trol- 
ley wires  on  their  supports,  due  to 
the  length  of  the  spans  and  vibra- 
tion. There  are  seven  trolley  wires 
in  all.     Would  one-and-one-half  by 
two-inch    angle    irons    be    a    satis- 
factory   substitute    for    the    trolley 
wires,    and    will    an    iron    collector 
shoe  two  and  one-half  inches  long, 
making  contact  on  the  edge  of  the 
angle    iron,    be    sufficient    for    150 
amperes?                                      w.s^n. 
Many  cranes  have  been  furnish- 
ed with  this  construction,  and  so  far 
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as  we  know  they  have  given  excellent 
satisfaction.  For  the  current  men- 
tioned in  the  question  we  would  rec- 
ommend a  i^  in.  by  i^  in.  by  %  '"• 
angle  iron  with  a  shoe  12  inches  long 
running  on  the  flat  side  of  the  angle. 

C.L.T. 

684 — Charging  Storage  Battery  with 
Electrolytic  Rectifier — A  30  volt, 
40  ampere  -  hour  storage  battery 
that  is  to  be  used  for  operating 
about  40  secondary  clocks,  a  small 
private  telephone  line,  and  a  fire 
alarm  system  (closed  circuit),  is 
to  be  charged  from  a  no  volt,  al- 
ternating-current line  through  an 
"American"  rectifier.  As  there  is 
only  one  set  of  batteries,  can  the 
clocks  and  other  apparatus  be  op- 
erated at  the  same  time  that  the 
battery  is  charging,  or  is  it  neces- 
sary to  stop  the  clock,  etc.,  while 
the  battery  is  luider  charge?  Is 
it  necessary  to  have  an  adjustable 
resistance  between  the  rectifier  and 
battery?  What  other  switches, 
etc.,  are  necessary  for  charging 
and  discharging?  j.s.s. 

It  should  not  be  necessary  to  dis- 
connected the  circuits  mentioned 
while  charging  the  battery  by  means 
of  the  electrolytic  rectifier.  There 
may  be  a  hum  in  the  telephone  re- 
ceiver while  the  battery  is  charging, 
but  if  the  frequency  of  the  alternat- 
ing supply  circuit  is  60  cycle  or  lower 
this  hum  will  not  interfere  with  the 
operation  of  the  telephone  unless  the 
alternating  voltage  wave  is  serrated 
with  high  harmonics.  To  reduce  the 
effect  of  pulsating  charging  current  to 
a  minimum  in  the  service  lines,  the 
direct-current  circuit  from  the  rec- 
tifier should  be  connected  to  the  bat- 
tery terminals  instead  of  to  bus-bars 
or  wires  connecting  the  service  lines 
with  the  battery.  It  would  be  ad- 
visable to  use  an  adjustable  resist- 
ance and  switch  between  the  recti- 
fier and  battery.  A  switch  to  dis- 
connect all  of  the  rectifier  circuit 
from  the  alternating-current  service 
should  also  be  installed,  and  should 
be  used  to  stop  the  charge.        l.w.c. 

58s — Unbalanced    Motor-Load    on 
Three-Phase   Transformer    Bank 

— Two  three-phase  motors  of  seven 
and  five  hp,  respectively,  are  con- 


nected on  a  220  volt,  three-phase, 
three-wire  circuit  receiving  power 
from  three  transformers.  A  220 
volt  single-phase  motor  of  two  hp 
was  connected  across  one  outside 
and  the  middle  wire  of  the  three- 
phase  circuit,  but  it  seemed  to  in- 
terfere with  the  operation  of  the 
other  motors,  as  a  fuse  blew  in 
the  middle  phase  of  the  seven  hp 
motor.  How  could  the  single-phase 
motor  affect  the  other  motors? 

J.  s.  s. 

The  question  is  not  stated_  with 
sufficient  clearness  and  detail  to 
make  a  definite  answer  possible.  It 
is  known  that  a  wound  induction  mo- 
tor when  operated  from  a  balanced 
supply  circuit  will  have  equal  cur- 
rents in  all  leads  and  when  operated 
from  an  unbalanced  circuit  will 
have  unequal  currents.  If  it  is  as- 
sumed that  the  polyphase  motors  are 
operated  from  small  transformers  or 
transformers  having  poor  regulation, 
the  circuits  may  be  unbalanced  by 
the  starting  of  the  single-phase  mo- 
tor. This  unbalancing  of  the  circuits 
will  result  in  unequal  currents  in  the 
motor  leads  and  may  cause  the  fuse 
to  blow  in  the  lead  having  the  great- 
est current.  R.  s.  f. 

686 — Reactance  Used  with  Turbo- 
Generators — Is  it  usual  practice 
to  install  reactance  in  connection 
with  large  25  cycle  turbo-gener- 
ators? The  writer  has  run  across 
various  installations  where  react- 
ance has  been  used,  but  finds  it  is 
only  in  few  and  scattered  installa- 
tions. Are  there  other  advantages 
gained  by  the  use  of  reactance  than 
the  fact  that  it  limits  the  amount 
of  current  that  the  machine  can 
deliver  under  absolute  short-cir- 
cuit  conditions.  f.b. 

Reactance  coils  for  turbo-gener- 
ators have  been  used  only  in  a  few 
cases  where  the  size  of  the  units  or 
other  conditions  made  short-circuits 
unusually  frequent  or  severe.  For 
example,  they  have  been  used  with 
the  turbo-generators  in  the  Cos  Cob 
Station  of  the  N.  Y.,  N.  H.  &  H. 
Ry.  Co.,  on  account  of  the  severity 
and  frequency  of  short-circuits  on 
the  1 1  000  volt  grounded  railway 
line ;  on  the  generators  for  the  Com- 
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monwealth  Edison  Company  of  Chi- 
cago, and  on  the  United  Electric 
Light  &  Power  Co.  of  St.  Louis  on 
account  of  the  large  size  of  the  gen- 
erators and  large  aggregate  capacity 
of  the  station.  There  is  no  advantage 
to  be  gained  from  their  installation 
except  the  reduced  current  that  will 
flow  during  the  first  few  alternations 
after  a  short-circuit,  and  they  should 
only  be  necessary  to  protect  the  gen- 
erator under  these  conditions  in  ex- 
treme cases  as  noted  above.        f.d.n. 

687  —  Power-Factor     Correction  — 

We  have  a  75  hp,  2000  volt,  three- 
phase,  60  cycle  induction  motor 
that  is  running  ten  hours  daily. 
It  lowers  the  power-factor  of  our 
250  k.v.a.  installation  to  about  45 
percent.  What  capacity  of  syn- 
chronous condenser  would  be  nec- 
essary to  raise  the  power-factor 
to  80  percent.  Please  explain  cal- 
culations. .\.R.G. 

Assuming  that  the  250  k.v.a.  re- 
ferred to  is  the  actual  k.v.a.  load 
of  the  installation,  use  the  curve 
of  Fig.  3  of  article  on  "Power-Fac- 
tor Correction",  in  the  Jourxal  for 
October,  191 1,  by  exterpolating  a 
curve  corresponding  to  45  percent 
power-factor.  First  find  the  kw 
load,  which  equals  k.v.a.  x  power- 
factor,  (as  kw  remains  constant  and 
k.v.a.  varies).  The  wattless  compo- 
nent required  will  be  found  to  b6 
about  105  percent  of  the  kw  load 
whose  power-factor  it  is  desired"  to 
raise;  that  is,  the  kw  corresponding 
to  250  k.v.a.  at  45  percent  power- 
factor,  or  1 12.5,  (250  X  0.45  = 
112.5).  Then  112.5  x  105  =  113  k.v.a. 
which  equals  the  capacity  of  syn- 
chronous condenser  required  to 
raise  the  power-factor  to  80  percent. 
If  the  k.v.a.  load  were  constant  and 
the  total  kw  were  varied  to  suit  the 
correction  desired,  Fig.  4  would 
apply.  ^'S. 

688 — Rewinding  Fan  Motor — After 
rewinding  a  104  volt,  60  cycle,  four- 
pole,  Tuerk  ceiling  fan  motor  the 
rotor  gets  extremely  hot.  New  coils 
were  made  of  same  size  wire  and 
same   number   of  turns   as   the   old 


coils.      Please   explain   what  causes 
the  rotor  to  heat.  b.e.t. 

If  the  motor  was  properly  re- 
wound and  connected  to  duplicate 
the  original  winding  the  rotor  will 
get  no  hotter  than  before,  provided 
the  line  voltage  and  the  frequency  on 
which  it  is  operated  correspond  to 
those  for  which  the  motor  was  de- 
signed. It  is  probably  not  appreciated 
that  the  rotor  operates  normally  at 
a  rather  high  temperature.  An  al- 
ternating-current fan  motor  which, 
on  the  outside  shows  only  a  very 
moderate  temperature  when  running, 
will  commonly  have  a  rotor  which 
operates  at  a  temperature  such  that 
it  would  be  too  hot  to  touch  with 
comfort.  Thus,  the  conditions  ob- 
served may  represent  only  normal 
operation  of  the  motor.  h.m.s. 

689— O  i  1  Type  Direct  -  Current 
Switches — Please  explain  the  dif- 
ference between  the  action  of  di- 
rect current  and  alternating  cur- 
rent on  oil,  when  used  in  conjunc- 
tion with  switches.  The  leading 
switch  manufacturers  state  that  oil 
should  on  no  account  be  used  for 
direct-current  work,  but  I  do  not 
see  why  this  is  so,  and  should  like 
you  to  give  a  detailed  explanation. 

J.K. 

The  difference  in  the  action  of 
direct  current  and  alternating  cur- 
rent when  broken  in  oil  is  wholly 
due  to  the  fact  that  alternating  cur- 
rent passes  through  zero  once  every 
cycle  and  the  oil  in  displacing  the  arc 
gases,  prevents  the  arc  from  reestab- 
lishing between  the  contacts  when 
they  have  been  separated  a  distance  in 
the  oil  sufficient  to  prevent  puncture 
of  the  oil  due  to  the  particular  line 
voltage.  This,  of  course,  is  a  rela- 
tively short  distance  for  commercial 
voltages.  With  direct  current  there 
is  no  zero  point,  and  if  the  gas  gen- 
erated by  the  arc  is  sufficient  to  reach 
the  surface  of  the  oil  while  an  arc 
persists  an  explosion  will  resuh.  It 
would  be  necessary  to  have  a  length 
of  break  in  oil  practically  the  same 
as  in  air  for  direct  current  and 
therefore   no   advantages   result. 

J.M.M. 
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Company  in  capacity  of  manufactur- 
ing engineer. 

*L.  M.  AsPiNWALL,  engineer  on  lo- 
comotive equipment,  railway  division. 
engineering  department.  Electric 
Company. 

*C.  P>.  AuEL,  assistant  manager  of 
work.  Electric  Company. 

*C.  W.  Baker,  meter  and  trans- 
former engineer,  engineering  denart- 
ment,  Canadian  Westinghouse  Com- 
pany, Ltd.,  Hamilton,  Ontario,  Can- 
ada. 

Metgs  W.  Bartmess,  (Oregon  Ag- 
ricultural College  '04,  Purdue  Univ., 
"06),  entered  the  apnrenticeship 
course  of  the  Electric  Company  in 
August.  1906;  upon  completing  the 
course,  he  took  ur>  his  present  work 
in  the  industrial  division  of  the  en- 
gineering  department. 

V.  L.  Board,  (Univ.  of  Missouri, 
'10),  telephone  construction  work  for 
various  telephone  companies  in  Mis- 
souri. T003-1905 ;  telephone  switch- 
board installer.  Western  Electric 
Company,  1007;  on  construction 
work.  Telluride  Power  Company, 
summer  of  1909;  engineering  demrt- 
ment.  Denver  Gas  &  Electric  Light 
Company.   1910  to  date. 

B.  B.  Brackktt.  (Syracuse  I^niv.. 
'oo-'93 ;  Johns  Honkins  Univ.,  '97)  ; 
instructor  in  Dickinson  Seminary. 
Williamsport.  Pa.,  from  1890-1802; 
Adelphi  Ac.ndemy.  Brooklyn.  N.  Y.. 
1892-T893;  Johns  Hoj)kins  Universi- 
ty. T801-T897;  Union  Colleo-e.  t8o7- 
T89S;  Eastern  Hitrh  School.  Wash- 
ing-ton. D.  C.  1898-1900:  Rutgers 
College.  1001-T903:  professor  of 
physics     and    electrical     engineering, 


al   sketches   have  already  appeared   in 
indicated  by  a   (*). 

1903-1908,  and  professor  of  electrical 
engineering,  1908-1909;  inspector  of 
torpedo  cable  for  United  States 
Army,  1898;  electrical  engineer  for 
Rowland  Telegraphic  Company,  Bal- 
timore, Md.,  1900-1901  ;  since  1909, 
present  position,  professor  of  elec- 
trical engineering,  South  Dakota 
College  of  Agriculture  and  Me- 
chanic Arts. 

L.  B.  Breed,  (Mass.  Inst,  of  Tech- 
nology, '96),  apprenticeship  course, 
Electric  Company.  1897-1900;  test- 
ing department,  1900-1901 ;  erecting 
department,  Boston  office,  1901-1902; 
assistant  foreman  of  testing  depart- 
ment, 1902-1903;  general  foreman  of 
testing  department,  1903-1905 ;  engi- 
neer in  industrial  and  pow-er  sales 
department,  1905-1910;  general  engi- 
neering department,   1910-1911. 

*Graham  Bright,  locomotive  sec- 
tion, railway  division,  engineering 
department.    Electric    Company. 

*Harold  W.  Brown,  switchboard 
division,  engineering  department, 
Electric   Company. 

*D.  E.  Carpenter,  industrial  and 
power  sales  department.  Electric 
Company. 

*C.  E.  Clewpxl,  lighting  division, 
detail  and  supply  sales  department, 
Electric  Company. 

C.  O.  CoLLETT,  (Technische  Hoch- 
schule  zu  Hannover,  '05)  ;  before 
graduation  connected  with  Koerting 
Brothers  on  erection  work  in  South 
Germany;  fourteen  months  on  engi- 
neering apprenticeship  course.  Elec- 
tric C^ompany;  instructor  in  elec- 
trical engineering  at  University  of 
Missouri,  1906-7 ;  after  this  for  four- 
teen month  mechanical  engineer  with 
the  railway  construction  department 
of  the  Electric  Company;  since 
January,  1909.  engaged  in  railway 
project  work,  engineering  depart- 
ment.   Electric   Company. 

*C,  R,  DooLEY,  president.  Casino 
Technical  Night  School ;  secretary, 
educational  committee,  Electric  Com- 
pany. 

*C.  W.  Drake,  commercial  engi- 
neer, industrial  and  power  sales  de- 
partment, Electric  Company. 

*Ed\vin  D.  Drevfus,  commercial 
engineer.  The  Westinghouse  Machine 
Company. 

S.    W.    Dudley,    (Sheffield    Scien- 
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tific  School,  Yale  Univ.,  '00)  ;  con- 
nected with  the  Sheffield  Scientitic 
School  as  assistant  and  instructor  in 
mathematics  and  mechanical  engi- 
neering to  1905;  entered  employ  of 
Westinghouse  Air  Brake  Company, 
general  Engineering  and  test  depart- 
ment work,  1905  to  1906;  special  in- 
spector at  New  York  City  office, 
1906-1907 ;  chief  of  publicity  depart- 
ment, 1907-1908;  assistant  mechanical 
engineer,  1908-1910;  since  1910,  as- 
sistant chief  engineer  of   operation. 

H.  B.  DwiGHT,  (McGill  Univ., 
'09),  graduating  with  the  British  As- 
sociation Exhibition  and  Medal;  be- 
fore graduation,  a  short  time  with 
the  test  department  of  the  Canadian 
Westinghouse  Company,  and  with 
the  engineering  department  of  Allis- 
Chalmers-Bullock;  since  graduation, 
engineer  on  direct-current  design, 
Canadian   Westinghouse   Company. 

*G.  M.  Eaton,  mechanical  engi- 
neer, railway  division,  engineering 
department,    Electric    Company. 

H.  R.  Edgecomb,  previous  to  em- 
ployment with  the  Electric  Company, 
served  as  draftsman  with  Kidder 
Press  Manufacturing  Company,  Bos- 
ton, Mass. ;  instructor  in  mechanical 
drawing  and  mathematics  at  Berea 
College,  Berea,  Ky. ;  superintendent, 
Newport  Station  of  New  England 
Electric  Vehicle  &  Transportation 
Company  and  superintendent  of 
American  Roller  Bearing  Company, 
Boston,  Mass.  Since  his  connection 
with  the  Electric  Company,  Mr. 
Edgecomb  spent  three  and  one-half 
years  as  draftsman  on  railway  mo- 
tor work;  three  years  as  foreman  of 
generating  and  motor  drawing  office, 
and  two  and  one-half  years  to  date 
as  engineer  in  research  division,  en- 
gineering  department. 

E.  L.  Elliott  (Cornell  Univ., 
'87)  ;  for  seven  years  after  gradua- 
tion was  engaged  in  teaching  science, 
five  vears  of  which  was  spent  in  the 
Central  High  School,  Pittsburg;  he 
then  became  associated  with  the 
George  A.  Macbeth  Company.,  as  a 
lighting  specialist,  in  connection  with 
the  Holophane  globe  patents  of 
which  that  company  had  secured  the 
rights  for  manufacture.  Later  he 
was  general  superintendent  of  the 
Holophane  Glass  Company,  of  New 
York  City,  for  five  years,  during 
which  time  he  developed  the  prac- 
tical manufacture  of  Holophane 
glassware.     Mr.   Elliott   later   organ- 


ized the  Illuminating  Engineering 
Company,  but  soon  disposed  of  his 
interests  to  accept  the  management 
of  the  Brilliant  Electric  Company, 
Cleveland,  Ohio,  which  position  he 
held  for  about  two  years.  He  or- 
ganized the  Illuminating  Engineering 
Publishing  Company,  and  started  the 
publication  of  The  Illuminating  En- 
gineer, of  which  he  is  the  editor. 

_*B.  F.  Fisher,  Jr.,  commercial  en- 
gineer, Westinghouse  Lamp  Com- 
pany,  Bloomfield,   N.  J. 

W.  B.  Flanders,  (Cornell  Univ., 
'02),  since  graduation,  has  been  con- 
nected with  the  turbine  engineering 
department  of  the  Westinghouse 
Machine  Company  at  East  Pittsburg. 

*S.  A.  Fletcher,  central  station  di- 
vision, industrial  and  power  sales  de- 
partment. Electric  Company. 

C.  Fortescue,  (Queens  Univ., 
'98),  engineer  in  transformer  di- 
vision, engineering  department, 
Electric   Company,   1901   to  date. 

J.  W.  Fox,  obtained  his  education 
in  England,  and,  after  completing  an 
engineer's  apprenticeship,  came  to 
this  country  to  continue  textile  man- 
ufacturing work.  For  twenty  years 
he  followed  experimental  work  as 
master  mechanic  and  chief  engineer 
in  various  cotton  mills  and  allied  in- 
dustries; now  textile  sales  engineer, 
Charlotte    office.    Electric    Company. 

W.  W.  Freeman,  past  president. 
National   Electric   Light   Association. 

J.  W.  Eraser,  (McGill  Univ., 
Montreal,  Canada,  '99  and  '01),  dur- 
ing his  post-graduate  course  at 
McGill  University,  acted  as  assistant 
in  physics  the  first  year  and  assistant 
in  electrical  engineering  the  second 
year ;  entered  the  apprenticeship 
course  of  the  Electric  Company  and 
was  later  transferred  to  the  erecting 
department;  shortly  afterwards  ac- 
cepted a  position  with  the  Shawini- 
gan  Water  &  Power  Company,  Mon- 
treal; was  engineer  in  charge  of  con- 
struction in  connection  wifh  the 
building  of  a  50000  volt  transmis- 
sion line.  While  with  this  company, 
he  also  made  an  investigation  of  the 
use  of  telephone  lines  carried  on  the 
poles  of  high-tension  transmission 
circuits;  in  the  autumn  of  1905,  he 
returned  to  the  Electric  Companv  as 
constructing  engineer,  later  being 
sent  South  to  take  charge  of  power 
plants  and  large  motor  installations, 
principally    in    textile    mills.      About 
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this  time  the  Southern  Power  Com- 
pany was  being  organized  to  take 
over  the  Catawba  Power  Company 
and  in  view  of  his  experience,  Mr. 
Fraser  was  selected  as  assistant  chief 
engineer  of  the  company,  in  charge 
of  all  electrical  design  and  construc- 
tion, in  which  position  he  has  since 
been  identified  with  the  purchasing 
of  all  apparatus  and  construction 
material    for  this   system. 

G.  W.  Hamilton^  indentured  ap- 
prentice with  Neilson  &  Company, 
now  the  North  British  Locomotive 
Works,  Glasgow,  Scotland,  from 
1887  to  1892;  mining  engineer  Con- 
solidated Coal  Company,  of  St. 
Louis,  from  1892  to  1901 ;  Baldwin 
Locomotive  Works,  Philadelphia, 
Pa.,  as  mining  engineer  for  Baldwin- 
Westinghouse  Companies,  1901-1908; 
Goodman  Manufacturing  Company, 
as  engineer  and  salesman,  1908- 
1909;  Electric  Company,  as  salesman 
and  engineer,  Chicago  office,  1909- 
191 1 ;  at  present  at  East  Pittsburg. 
Pa.,  as  general  engineer,  on  mining 
work. 

H.  K.  H.\RDCASTLE,  (Johns  Hop- 
kins Univ.,  '09),  engineering  appren- 
tice. Electric  Company;  engineering 
department,  railway  division ;  engi- 
neer on  railway  construction,  erect- 
ing  department. 

C.  O.  Harrington,  Jr.,  Engineer 
of  materials,  Union  Switch  &  Signal 
Company_^  Swissvale,    Pa. 

L.  S.  Haskin,  (Cornell  Univ.,  '02; 
McGill  Univ.,  '03)  ;  after  gradua- 
tion became  associated  with  the  erec- 
tion department  of  the  Buffalo  of- 
fice, Electric  Company;  two  years  in 
charge  of  lighting  plant,  Northeast, 
Pa. ;  erection  department,  Cleveland 
district  office,  Electric  Company;  five 
months  in  works  of  the  Electric 
Company  at  East  Pittsburg  in  con- 
nection with  the  equipment  of  the 
Spokane  &  Liland  and  the  New 
Haven  locomotives;  in  August,  1906, 
with  the  Spokane  district  office  of 
the  Electric  Company,  associated 
with  the  erection  department  on  rail- 
way equipment  for  the  Spokane  & 
Inland  Railway  Company ;  for  six- 
teen months  was  detailed  to  erection 
work  at  Aberdeen,  Washington,  in 
connection  with  the  construction  of 
a  railway  and  lighting  power  'house; 
later  connected  with  the  Seattle  dis- 
trict office  as  tester  and  engineer,  and 
in  February,  1909,  stationed  at  Spo- 


kane in  the  sales  department  of  the 
Electric   Company. 

*S.  Q.  Hayes,  general  engineer, 
engineering  department.  Electric 
Company. 

*J.  M.  HippLE,  formerly  engineer 
on  direct-current  motor  design,  in- 
dustrial division,  engineering  depart- 
ment. Electric  Company;  at  pres- 
ent engineer  in  charge  of  industrial 
division. 

*J.  S.  HoBsoN,  assistant  general 
manager,  Union  Switch  &  Signal 
Company,  Swissvale,  Pa. 

*Francis  Hodgkinson,  engineer, 
turbine  department.  The  Westing- 
house   Machine   Company. 

H.  H.  Holding,  (Rose  Polytechnic, 
'89),  after  a  brief  student's  course 
at  the  Lynn  works  of  the  Thomson- 
Houston  Electric  Company,  was  as- 
signed to  the  engineering  or  erec- 
tion department,  first  at  Boston,  and 
later  at  Cleveland,  Ohio,  where  he 
had  charge  of  erection  work  for  the 
Cleveland  office  of  the  General  Elec- 
tric Company.  In  1894,  he  became 
engineer  in  charge  o'f  the  electric  de- 
partment during  the  construction  of 
the  Lorain  Steel  Works.  His  first 
work  with  the  steel  company  was 
the  installation  of  ten  miles  of  elec- 
tric railway  operating  between 
Elyria  and  Lorain,  one  of  the  first 
high  speed  lines  in  the  country.  In 
1897  he  opened  an  office  at  Cleve- 
land, Ohio,  engag:ing  in  steam  and 
electrical  engineering,  paying  special 
attention  to  the  application  of  motor 
drive.  In  1909  he  entered  the  em- 
ploy of  the  Electric  Company,  being 
assigned  to  the  industrial  and  power 
sales  department  of  the  New  York 
district  office. 

F.  Hymans,  studied  at  the  Uni- 
versity of  Delft  (Holland)  ;  con- 
tinued his  technical  training  at  the 
University  of  Stuttgart,  Germany; 
was  employed  for  two  years  each  at 
the  Maschinenfabrik  Esslinger  and 
Maschinenfabrik  R.  Stahl,  Wurttem- 
berg,  Germany,  in  the  former  for 
the  design  of  boilers  and  steam  en- 
gines, and  in  the  latter  for  the  design 
of  electric  cranes,  elevators  and  the 
like ;  came  to  America  in  1902  and 
has  since  been  in  the  employ  of  the 
engineering  department  of  the  Otis 
Elevator  Company,  and  is  at  present 
connected  with  the  Pittsburg  office 
of  the  company  as  engineer. 
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*R.  P.  Jacksox,  engineer  in  charge 
of  protective  apparatus  and  mercury 
rectifiers,  detail  and  supply  division, 
engineering  department.  Electric   Co. 

*J.  Henry  Klinck,  commercial  en- 
gineer, industrial  and  power  sales  de- 
partment, Electric  Company. 

G.  B.  KiRKER,  railway  and  lighting 
sales  department,  Los  Angeles  dis- 
trict office.   Electric  Company. 

*B.  G.  Lamme,  chief  engineer. 
Electric  Company. 

A.  C.  Lasher,  (Iowa  State  Col- 
lege, '03),  with  the  Electric  Company 
for  five  years  after  graduation  in 
the  following  connections  :  Appren- 
ticeship course,  fifteen  months ;  trans- 
former division,  engineering  depart- 
ment, three  years;  erecting  depart- 
ment, Chicago  and  Atlanta  district 
offices,  eighteen  months ;  since  Aug- 
ust, 1908,  chief  electrician,  Central 
of  Georgia  Railway  Company,  Ma- 
con,  Ga. 

Charles  A.  Lauffer,  received  the 
degrees  of  A.B.  and  A.M.  from 
Franklin  and  Marshall  College.  Lan- 
caster, Pa.,  and  M.D.  from  Univer- 
sity of  Pennsylvania.  Served  as 
resident  physician  in  the  Chester 
Hospital.  Chester,  Pa.,  and  also  in 
the  Philadelphia  General  Hospital  ; 
spent  fourteen  months  in  the  clinics 
of  Vienna  and  Berlin,  and  in  foreign 
travel;  then  located  in  Wilkinsburg, 
a  suburb  of  Pittsburg,  where  he  is 
still  engaged  in  the  practice  of  his 
profession ;  fourth  year  as  medical 
director  of  the  relief  department  of 
the    Electric    Company. 

C.  S.  Lawsox,  (Mass.  Inst,  of 
Tech.,  '02),  served  apprenticeship 
with  General  Electric  Company,  af- 
ter which  spent  one  year  with  oper- 
ating companies  in  South ;  for  past 
six  years,  transformer  division,  en- 
gineering department.  Electric  Co. 
neering  department.  Electric  Co. 

Edwin  E.  Lehr,  (Purdue  L^niv., 
'01),  with  Electric  Company  since 
graduation,  on  apprenticeship  course, 
transformer  division,  detail  and  sup- 
ply division  and  industrial  division, 
engineering  department ;  for  about 
two  years  engineer  in  charge  of  reg- 
ulator design. 

Bernard  Lester,  (Haver ford  Col- 
lege), was  engaged  in  general  engi- 
neering work  in  Philadelphia.  1903- 
IQ04 :  connected  with  Jones  &  Laugh- 
lin  Steel  Company,  1904-1905,  in 
general  engineering  and  testing  work 


and  had  charge  of  testing  material 
of  construction  in  new  open  hearth 
furnaces;  1905  to  date  with  Electric 
Company  in  sales  engineering  work 
in  connection  with  small  motors  and 
small  motor  applications  and  electric 
vehicle  equipments ;  present  position, 
head  of  small  motor  division  of  the 
industrial  and  power  department. 

*P.  M.  Lincoln,  general  engineer, 
Electric   Company. 

*H.  E.  LoNGVVELL,  consulting  engi- 
neer, The  Westinghouse  Machine 
Compaily. 

*W.  M.  McConahey,  engineer  in 
charge,  transformer  division,  engi- 
gineering  department.  Electric  Co. 
Harold  McCready,  engineer-in- 
charge,  electrical  department,  Union 
Switch  &  Signal  Company,  Swiss- 
vale,  Pa. 

*D.  C.  McKeehan,  with  Tomboy 
Gold  Mines  Company,  Smuggler, 
Colorado. 

*Paul  MacGahan,  meter  engi- 
neer, detail  and  supply  division,  en- 
gineering department.  Electric  Co. 

L.  A.  Magraw,  (Worcester  Poly. 
Inst.,  '05),  was  with  the  Crocker- 
Wheeler  Company  from  1905  to  1907 
in  charge  of  alternating-current  test ; 
entered  the  employ  of  the  Electric 
Company  in  1907,  first  at  Philadel- 
phia in  the  erecting  department,  and 
in  1909  with  the  engineering  depart- 
ment at  East  Pittsburgh;  from  1909 
to  191 1,  he  served  as  an  active  field 
engineer  in  connection  with  several 
large  power  transmission  companies 
in  the  East  and  South ;  in  November, 
191 1,  he  accepted  the  position  of 
chief  engineer,  Central  Georgia 
Power  Company. 

J.  Franklin  Meyer,  (Franklin  & 
Marshall  College,  '94  and  '97;  Johns 
Hopkins  Univ.,  and  University  of 
Penna.,  Ph.D.,  1904)  ;  instructor  and 
assistant  professor  of  physics.  Uni- 
versity of  Pennsylvania.  1902-1907; 
professor  of  physics,  Pennsylvania 
State  College.  1907-1909;  physical 
engineer,  Westinghouse  Lamp  Com- 
pany,  1907  to  date. 

Gray  E.  Miller.  (Penna.  State 
College,  '08)  ;  in  charge  of  mechani- 
cal drawing  and  assistant  in  mathe- 
matics, Steelton  High  School,  1908- 
1909;  entered  apprenticeship  course 
of  Electric  Company,  1906;  indus- 
trial division,  engineering  depart- 
ment, 1909  to  date. 
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*H.  N.  MuLLER,  superintendent  of 
distribution.  Allegheny  County  Light 
Company,  Pittsburgh.  Pa. 

W.  S.  Murray,  (Lehigh  Univ., 
'95),  for  three  years  on  apprentice- 
ship course.  Electric  Company;  then 
district  engineering  work,  Boston 
district  office;  continued  in  this  and 
sales  work  until  1901,  when  he  re- 
signed to  take  up  consulting  engi- 
neering with  headquarters  at  Boston; 
experience  gained  during  this  time 
aroused  his  interest  in  power  trans- 
mission problems,  and  in  single- 
phase  electric  railway  development; 
he  foresaw  the  possibilities  of  elec- 
tric trunk  line  operation  based  on  the 
use  of  alternating  current;  early  in 
1905,  when  the  New  York,  New 
Haven  &  Hartford  Railroad  was 
perfecting  plans  for  th^  electric  op- 
eration of  their  trains  through  the 
Park  Avenue  tunnel  and  the  subse- 
quent extension  of  the  zone  of  elec- 
trification, Mr.  Murray  was  appoint- 
ed as  their  electrical   engineer. 

*F.  D.  Newbury,  engineer  in 
charge,  power  division,  engineering 
department.   Electric   Company. 

S.  L.  Nicholson,  began  his  elec- 
trical work  in  the  factory  of  the 
Novelty  Electric  Works,  in  Philadel- 
phia, a'nd  in  the  following  year  be- 
came associated  with  the  Chad- 
borne-Hazelton  Company,  of  Phila- 
delphia, who  were  at  that  time  rep- 
resentatives for  the  Sprague  Electric 
Railway  &  Motor  Companv.  An  af- 
filiated" interest  of  the  Chadborne- 
Hazclton  Company  was  formed, 
known  as  the  Equitable  Electric 
Railway  Construction  Company,  and 
Mr.  Nicholson  was  made  superin- 
tendent of  construction.  The  Chad- 
borne-Hazelton  Company  became  the 
representatives  of  the  Wenstrom 
Dynamo  &  Motor  Companv,  of  Bal- 
timore, and  Mr.  Nicholson  was 
placed  in  charge  of  the  dynamo  and 
motor  sales.  His  services  were  ter- 
minated with  these  interests  after  he 
had  spent  considerable  time  in  oper- 
ating work  at  Bristol.  Tenn  .  for  the 
Bristol  Belt  Line  Railway  Company. 
He  then  became  a  rcnresentative  of 
the  Short  Electric  Railway  Company 
at  Philadelphia  and  afterwards  was 
transferred  to  their  headquarters  at 
Cleveland,  as  assistant  superintend- 
ent of  construction.  In  180^,  he  ac- 
cepted a  position  with  the  Technique 
Electrical  Works  at  Philadelphia, 
manufacturers    of    switchboard    ap- 


paratus. Later  he  was  made  man- 
ager of  the  electric  railway  supply 
department  of  James  Boyd  & 
Brother,  and  following  this  he  be- 
came connected  with  the  Cutter 
Electric  &  Manufacturing  Company. 
From  this  position  he  went  to  the 
C.  &  C.  Electric  Company,  where  he 
had  charge  of  the  dynamo  and  mo- 
tor sales  in  New  York  City._  Mr. 
Nicholson  became  connected  with  the 
Electric  Company  in  1898,  when  he 
took  charge  of  the  sales  of  motors 
and  engine-tvpe  generators  in  the 
New  York  City  territory.  He  was 
later  placed  in  charge  of  the  city 
sales  work  of  the  New  York  office. 
Subsequently  Mr.  Nicholson  was 
made  New  York  manager  of  the 
newly  established  industrial  depart- 
ment ;  up  to  this  time  electric  motors 
were  but  little  used  in  ordinary  in- 
dustries and  were  almost  a  novelty 
in  the  machine  shop.  He  made  a 
personal  engineering  study  of  sever- 
al industries,  determining  their  con- 
ditions of  operation  and  the  changes 
which  might  be  brought  about  by 
electric  drive,  and  the  various  direct 
and  indirect  advantages  which  would 
result;  in  this  connection  he  did  a 
considerable  amount  of  pioneer 
work.  When  the  sales  activity  of 
the  Company  was  segregated  into 
the  industrial  and  power  sales,  the 
railway  and  lighting  sales,  and  the 
detail  and  supply  sales  departments, 
Mr.  Nicholson  was  appointed  man- 
ager of  the  first  branch  with  head- 
rniarters  at  New  York  and  Pittsburg. 
His  experience  as  a  consulting  en- 
gineer was,  of  course,  of  assistance 
to  him  in  the  organization  of  this 
new  department,  and  he  succeeded  in 
building  vtp  a  large  business  by  the 
employment  of  engineering  special- 
ists having  expert  knowledge  of  the 
application  of  electricity,  to  various 
important  industries.  Mr.  Nichol- 
son was  appointed  to  his  present  po- 
sition as  sales  manager  of  the  Elec- 
tric Company  in  June,   1909. 

R.  D.  Nve,  (Ohio  State  Univ., 
'0^).  took  the  apnrenticeship  course 
of  the  Electric  Company,  and  then 
entered  the  sales  department  and  is 
at  present  located  at  the  Cleveland 
district  office. 

*L.  A.  Osborne,  vice  president, 
Electric  Company. 

*W.  H.  Patterson,  industrial  and 
power  sales  department,  Electric  Co. 
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W.  F.  Patton,  Jr.,  (Cornell,  '06), 
with  the  Electric  Company  as  ap- 
prentice, and  in  the  erecting  and 
sales  departments ;  now  connected 
with  the  industrial  and  power  sales 
department  at  East   Pittsburg. 

*J.  S.  Peck,  consulting  engineer, 
British  Westinghouse  Electric  & 
Manufacturing  Company. 

*T.  S.  Perkixs.  engineer  in  charge, 
detail  and  supply  division,  engineer- 
ing department.  Electric  Company. 

Luther  P.  Perry,  (Tufts  College, 
'05),  after  twenty  months'  apprentice- 
ship at  the  Stanley-G.  1.  Electric 
Manufacturing  Company,  became  su- 
perintendent of  the  hydro-electric 
plant,  and  then  supervised  a  street 
railway  extension  for  the  Fries  Man- 
ufacturing &  Power  Company,  Xorth 
Carolina ;  originated  and  promoted 
the  Arcoil,  an  electrical  device  in 
general  use  with  moving  picture  ma- 
chines ;  power  engineer  for  the  Con- 
necticut Company  at  Waterbury, 
Conn. ;  since  1909,  commercial  power 
engineer,  Narraganset  Electric  Light- 
ing Company,  Providence,  R.  L 

J.  F.  Peters,  entered  the  employ- 
ment of  the  Electric  Company,  April, 
1905  ;  in  February,  1906,  became  con- 
nected with  the  transformer  division, 
engineering  department,  on  design  of 
large  power  transformers,  which  po- 
sition he  now  holds. 

*A.  G.  PoPCKE.  industrial  and 
power  sales  department,  Electric  Co. 

*H.  G.  Prout,  vice  president  and 
g-eneral  manager,  LTnion  Switch  & 
Signal  Company,  Swissvale,  Pa. 

*K.  C.  Randall,  engineer  in 
charge,  switchboard  division,  engi- 
neering department.  Electric  Co. 

*Allen  E.  Ransom,  in  charge  of 
industrial  and  power  sales  depart- 
ment,   Seattle   office.   Electric   Co. 

Clarence  Renshaw,  engineer,  con- 
trol section,  railway  division,  engi- 
neering   department.    Electric    Co. 

A.  E.  RiCKARDS,  formerly  in  sales 
work  with  the  Pittsburgh  district  of- 
fice of  the  Electric  Company;  at 
present,  general  manager.  Industrial 
Engineering   Company,    Pittsburg. 

Charles  R.  Riker,  (Mt.  Union 
College,  A.B.,  '04;  A.  M.,  '06;  Ar- 
mour Inst,  of  Tech.,  B.S.  in  E.E., 
'06)  ;  Denver  Gas  &  Electric  Com- 
pany, July,  1906,  to  February,  1907 ; 
LTnion  Gas  &  Electric  Company,  Cin- 
cinnati, February.  1907,  to  February, 
.1910;  assistaiit  fditor,  The  Electric 


Journal,  February,  1910,  to  date. 

*L.  G.  Riley,  engineer,  control 
section  of  the  railway  division,  engi- 
neering   department,    Electric    Co. 

*C.  H.  Sanderson,  switchboard  di- 
vision, engineering  department.  Elec- 
tric Company. 

George  P.  Scholl,  consulting  engi- 
neer, Westinghouse  Lamp  Company, 
Bloomheld.  N.  J. 

*Chas.  F.  Scott,  consulting  engi- 
neer. Electric  Company;  professor 
of  electrical  engineering,  Sheffield 
Scientific   School,   Yale   University. 

*F.  H.  Shepard,  special  represen- 
tative.   Electric    Company. 

*H.  D.  Shute,  acting  vice  presi- 
dent. Electric  Company. 

E.  T.  Sill,  (Ohio  State  Univ.. 
'04),  took  apprenticeship  course  at 
the  Electric  Company;  from  July, 
1906,  to  date,  erecting  department, 
Pittsburg    office,    Electric    Company. 

*C.  E.  Skinner,  engineer  in 
charge,  research  division,  engineer- 
mg   department.    Electric    Company. 

H.  W.  Smith,  (Univ.  of  Adelaide, 
South  Australia,  '06;  Cornell  Univ., 
'98),  won  traveling  scholarship  and 
came  to  United  States  in  1907;  with 
Wagner  Electric  &  Manufacturing 
Company  nine  months,  in  test  work 
and  later  transformer  engineer;  two 
years  on  apprenticeship  course  of 
the  Electric  Company ;  now  with  the 
Milwaukee  office. 

J.  L.  Smith,  motor  testing  depart- 
ment, Wagner  Electric  Company;  ap- 
prenticeship course  and  erection  de- 
partment. Electric  Company ;  engi- 
neer for  St.  Joseph  (Mo.)  Railway, 
Light,  Heat  &  Power  Company;  at 
present  with  sales  department,  (Tar- 
ne.gie   Steel   Company. 

E.  H.  Sniffin,  sales  manager,  The 
Westinghouse   Machine   Company. 

*H  C.  Specht.  industrial  division, 
engineering  department,  Electric   Co. 

E.  R.  Spencer.  (Case  School  of 
Applied  Science,  '04)  ;  summer  of 
1901,  machinist  department,  Union 
Steel  Screw  Company ;  drafting  de- 
partment. Isthmian  Canal  Commis- 
sion, Washington,  D.  C.  r  summers, 
1902-1903,  electrical  department. 
Brown  Hoisting  Machinery  Com- 
pany; 1904-1905,  apprenticeship  de- 
partment. Electric  Company;  1905, 
detail  and  supply  division,  engineer- 
ing department,  and  last  six  months 
of  1906,  editorial  division  of  publi- 
cation    department,     Electric     Com- 


1146 


THE  ELECTRIC  JOURNAL 


pany;  January,  1907,  to  date,  assis- 
tant editor,  The  Elfxtric  Journal. 
Thomas  Spooner,  (Bates  College, 
'05;  Mass.  Inst,  of  Tech.,  '09),  for 
one  year  with  Stone  &  Webster; 
one  year  with  the  Odell  Manufac- 
turing Company,  of  Groveton,  N. 
H.,  in  paper  mill  design;  with  the 
Electric  Company  in  1909  as  an  ap- 
prentice ;  no  wwith  research  divi- 
sion,   engineering    department. 

Nicholas  Stahl,  (Princeton 
Univ.,  '97),  at  Princeton  for  one 
year  after  graduation  as  fellow  in 
physics;  in  1908  received  degree  of 
A.M.  from  Princeton,  and  later  ap- 
pointed in  charge  of  science  depart- 
ment, Lawrenceville  School,  a  pre- 
paratory school  for  Princeton  and 
other  colleges;  during  this  time 
made  study  of  Rontgen  waves  and 
radiography;  pursued  course  at 
H^arvard  and  in  1905  took  course  at 
Technische  Hochschule,  Charlotten- 
berg,  Germany;  in  1906-1907,  studied 
electrical  engineering  at  Princeton, 
giving  particular  attention  to  oscil- 
lographic work  and  receiving  post- 
graduate degree  of  E.E. ;  since  1907 
with  Electric  Company,  as  engineer- 
ing apprentice,  construction  and  test 
work  on  Spokane  &  Inland  and  New 
Haven  locomotives;  entered  railway 
sales  department  as  corresponding 
engineer;  during  same  period  in- 
structor in  the  Carnegie  Technical 
Schools,  Pittsburg;  at  present,  com- 
mercial ensineer,  railway  and  light- 
ing sales.  Electric  Company,  head  of 
general   contract    division. 

*N.  W.  Storer,  engineer  in 
charge,  railwav  division,  engineering 
denartment.   Electric    Company. 

J.  E.  Sweeney,  entered  employ  of 
Electric  Company  during  1905  as  a 
special  apprentice;  was  connected 
with  the  department  of  electricity 
of  the  Jamestown  Exposition  Com- 
panv,  at  Norfolk.  Virginia,  during 
T006  and  1907 ;  returned  to  Electric 
Company  in  1908  to  take  up  work  in 
the  ofifice  of  the  assistant  to  the  first 
vice  president,  recently  assigned  to 
the  industrial  and  power  department. 

*W.  A.  Thomas,  commercial  en- 
gineer, in  charge  of  mine  division  of 
industrial  and  nower  sales  depart- 
ment. Electric   Companv. 

Frank  Thornton,  Jr..  (Univ.  of 
Missouri.  '08),  one  vear  at  Tech- 
nische Hochschule.  Charlottenberg, 
Germany;    one    year    in    apprentice- 


ship course.  Electric  Company;  at 
present,  connected  with  heating  ap- 
pliance section,  engineering  depart- 
ment,   Electric    Company.    '' 

F.  E.  Town,  (Tufts  College,  '98), 
after  graduation  was  connected  with 
the  meter  and  instrument  depart- 
ment of  the  General  Electric  Com- 
pany; during  1899  and  part  of  1900, 
he  was  superintendent  of  meter  de- 
partments of  the  Potomac  Electric 
Power  Company  and  the  United 
States  Electric  Lighting  Company, 
respectively,  Washington,  D.  C. 
From  June,  1900,  to  July,  1902,  he 
held  the  position  of  electrical  engi- 
neer in  the  supervising  architect's 
office.  United  States  Treasury  De- 
partment. From  July  ist,  1902,  to 
date  he  has  been  with  the  Otis  Ele- 
vator Company  ap_.  assistant  super- 
intendent of  construction,  assistant 
to  general  sales  manager,  and  man- 
ager of  the  Pittsburg  ofifice,  which 
last  position  he  still  holds. 

W.  V.  Turner,  chief  engineer, 
Westinghouse  Air  Brake  Company. 

M.  C.  TuRPiN.  (Alabama  Poly; 
Inst.,  '01).  after  post-graduate 
course  at  Cornell  University,  took 
testing  course,  Schenectady  works 
of  General  Electric  Company;  with 
Philadelphia  office  engaged  in  con- 
struction and  trouble  work;  resign- 
ed (1907)  to  become  manager 
Auburn  (N.  Y.)  Light.  Heat  & 
Power  Co. ;  employed  by  Public 
Service  Commission,  New  York 
City,  on  appraisal  work  of  street 
railways;  resigned  (1909^  to  accept 
position  with  Electric  Co.,  in  the 
deoartment   of   publicity. 

*K.  E.  Van  Kuran,  formerly  in 
char.ge  of  the  switchboard  division 
of  the  detail  and  supply  sales  de- 
partment of  the  Electric  Company 
at  East  Pittsburg;  now.  assistant 
manager,  Los  Angeles  district  office. 

H.  C.  Walter.  (Worcester  Poly. 
Institute.  '00).  spent  a  year  and  a 
half  in  the  testing  department  of  the 
General  Electric  Company  at  Schen- 
ectady ;  instructor  in  electrical  en- 
gineering at  the  N.  C.  College  of 
Agri.  and  Mech.  Arts,  Purdue 
Univ..  and  Worcester  Poly.  Inst., 
successivelv;  professor  of  physics 
and  electrical  engineering  at  N.  C. 
College  of  Agri.  and  Mech.  Arts, 
1908-1900;  in  the  industrial  division, 
engineering  department,  Electric 
Co.,  since  June,  1909. 
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*Albert  Waltox,  industrial  and 
power  department,  Boston  district 
office,   Electric    Company. 

J.  W.  Welsh,  (Wittenberg  Col- 
lege, '00;  Harvard,  'or;  Mass.  Inst, 
of  Tech.,  '03),  steel  mill  work.  Na- 
tional Tube  Company,  Wheeling, 
W.  Va.,  1904;  engineering  appren- 
tice. Electric  Company,  1905 ;  con- 
struction and  sales  department,  Elec- 
tric Company,  1906;  assistant  elec- 
trician, Pittsburgh  Railways  Com- 
pany, 1906-1910,  and  electrical  engi- 
neer, 1910  to  date. 


_*George  Westinghouse,  president 
of  various  Westinghouse  interests. 

*Brent  Wiley,  commercial  engi- 
neer of  the  industrial  and  power 
burg    office.    Electric    Company. 

*W.  B.  Wilkinson,  manager,  cen- 
tral station  motor  department,  Pitts- 
burg district  office.  Electric  Com- 
pany. 

^Leonard  Work,  erecting  depart- 
menj:,    Philadelphia    district    office. 

*C.  I.  Young,  commercial  training 
department.    Electric    Company. 


CONTRIBUTORS  TO  THE  JOURNAL 
QUESTION  BOX— 1911 

A  special  feature  of  The  Journal  Question  Box  is  the  authoritative  char- 
acter of  the  replies.  The  inquiries  cover  such  a  range  of  subjects  that  no 
ordinary  editorial  stafif  could  hope  to  give  as  comprehensive  answers  as  are 
obtainable  throi^gh  the  assistance  of  specialists  along  various  lines.  More- 
over, before  publication,  the  answers  receives  the  supervisory  attention  of 
engineers  who  are  in  a  position  to  review  them  in  a  broad  and  experienced 
way. 

The  following  list  of  contributors  to  the  Question  Box,  which  gives 
both  the  names  and  respective  positions  of  those  who  have  furnished  in- 
formation regarding  inquiries  during  191 1,  is  of  particular  interest  as  an 
indication  of  the  qualifications  of  those  who  have  been  instrumental  in 
making  this  department  one  of  the  valuable  assets  to  be  acquired  through  a 
subscription  to  the  Journal.  The  majority  of  the  contributors  are  associ- 
ated with  the  Electric  Company  at  East  Pittsburg. 


J.  L.  Adams,  Jr.,  detail  and  supply 
division,    engineering    department. 

R.  W.  Atkinson,  assistant  to  chief 
engineer,  Standard  Underground 
Cable   Company. 

C.  B.  Auel,  assist,  manager  of 
works. 

Jens  Bache-Wiig,  formerly, 
engineering  "dept. ;  professor  of 
electrical  engineering,  Technical 
University    of    Trondhjem,    Norway. 

H.  L.  B.^rnhold,  industrial  di- 
vision, engineering   department. 

M.  W.  Bartmess.  industrial  di- 
vision,   engineering    department. 

A.  P.  Bender,  transformer  di- 
vision,  engineering  department. 

W.    J.    BoTHWELL.    dynamo    test. 

D.  A.  BowEN.  detail  and  supply  di- 
vision, engineering  department. 

H.  D.  Braley,  transformer  di- 
vision,  engineering   department. 

Graham  Bright,  railway  division, 
engineering   department. 

C.   C.    Brinton,  dvnamo  test. 


Harold  W.  Brown,  switchboard 
division,   engineering    department. 

A.  Brunt,  industrial  division,  en- 
gineering   department. 

L.  W.  Chubb,  research  division, 
engineering    department. 

F.  Conrad,  general  engineer,  de- 
tail and  supply  division,  engineering 
department. 

A.  W.  Copley,  detail  and  supply 
division,  engineering  department. 

L.  Delaval,  industrial  division, 
engineering  department. 

R.  D.  DeWolf.  assistant  mechani- 
cal engineer,  Rochester  Railway  & 
Light   Company,   Rochester,   N.   Y. 

W.  A.  Dick,  power  division,  en- 
gineering department. 

E.  D.  Drevfus,  commercial  engi- 
neering, The  Westinghouse  Machine 
Company. 

A.  M.  Dudley,  industrial  division, 
engineering  department. 

G.  M.  Eaton,  mechanical  engi- 
neer, railway  division,  engineering 
department. 
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R.  S.  Feicht,  manager  of  engi- 
neering,  Electric  Company. 

L.  H.  Flanders,  engmeer,  Electric 
Storage  Battery  Company,  Philadel- 
phia,  Pa. 

C.  FoRTESCUE,  transformer  di- 
vision, engineering  department. 

F.  C.  Hanker,  general  engineer, 
engineering   department. 

K.  L.  Hansen,  industrial  division, 
engineering   department. 

S.  Q.  Hayes,  general  engineer,  en- 
gineering  department. 

R.  E.  Hellmund,  railway  division, 
engineering  department. 

J.  M.  HipPLE,  engineer  in  charge, 
industrial  division,  engineering  de- 
partment. 

F.  I.  Hiss,  power  division,  engi- 
neering  department. 

William  Hoopes,  electrical  engi- 
neer, Aluminum  Company  of  Amer- 
ica,  New   Kensington,   Pa. 

W.  G.  Houston,  formerly,  railway 
division,  engineering  department ; 
now,  assistant  engineer,  Hydro-Elec- 
tric  Commission   of    Canada. 

R.  P.  Jackson,  detail  and  supply 
division,   engineering   department. 

O.  S.  Jenning,  detail  and  supply 
division,    engineering   department. 

C.   N.  Johnson,  dynamo  test. 

A.  T.  Kasley,  assistant  to  chief 
engineer,  Westinghouse  Machine  Co. 

H.  C.  Kendall,  electrical  depart- 
ment. University  of  Illinois. 

B.  G.    Lamme,   chief    engineer. 

A.  C.  Lanier,  industrial  division, 
engineering  department. 

E.  E.  Lehr,  industrial  division, 
engineering  department. 

P.  M.  Lincoln,  general  engineer, 
engineering   department. 

W.  M.  McCoNAHEY,  engineer  in 
charge,  transformer  division,  engi- 
neering  department. 

Paul  MacGahan,  detail  and  sup- 
ply division,  engineering  department. 

J.  N.  Mahoney,  detail  and  supply 
division,    engineering   department. 

J.  E.  Mateer,  transformer  division, 
engineering   department. 

H.  N.  MuLLER,  superintendent  of 
distribution,    Allegheny    Co.    Lt.    Co. 

H.  C.  Nagle,  detail  and  supply  di- 
vision,  engineering   department. 

F.  D.  Newbury,  engineer  in 
charge,  power  division,  engineering 
department. 

E.  M.  Olin,  assistant  superintend- 
ent, in  charge  of  testing  department. 

H.  W.  Peck,  assistant  electrical 
engineer,    Rochester    Ry.    &    Lt.    Co. 


J.  F.  Peters,  transformer  division, 
engineering  department. 

K.  C.  Randall,  engineer  in  charge, 
switchboard  division,  engineering  de- 
partment. 

A.  Reisfar,  Hartley-Rose  Belting 
Company,   Pittsburg,  Pa. 

H.  G.  Reist,  induction  motor  engi- 
neering department,   G.   E.   Co. 

H.  Rodman,  formerly,  storage  bat- 
tery department,  Westinghouse  Ma- 
chine Company;  now,  manager  Rod- 
man   Chemical    Co. 

C.  H.  Sanderson,  switchboard  di- 
vision,  engineering  department. 

H.  M.  Scheibe,  detail  and  supply 
division,   engineering   department. 

R.  A.  Schmidt,  general  engineer, 
engineering  department. 

C.  E.  Skinner,  engineer  in  charge, 
research  division,  engineering  de- 
partment. 

C.  H.  Smith,  engineer,  executive 
department.   Electric   Company. 

R.  A.  L.  Snyder,  plant  engineer, 
C.  D.  &  P.  Tel.   Co.,   Pittsburgh. 

Nicholas  Stahl,  in  charge  of 
general  contract  division,  railway 
and  lighting  sales  department. 

C.  W.  Starker,  industrial  division, 
engineering  department. 

C.  E.  Stephens,  detail  and  supply 
division,    engineering   department. 

E.  C.  Stone,  engineering  depart- 
ment. .Allegheny  Co.  Lt.  Co.,  Pitts- 
burgh,   Pa. 

N.  W.  Storer,  engineer  in  charge, 
railway  division,  engineering  depart- 
ment. 

W.  Sykes,  general  engineer,  engi- 
neering department. 

C.  L.  Taylor,  chief  engineer, 
Morgan  Engineering  Company,  Al- 
liance,   Ohio. 

H.  B.  Taylor,  detail  and  supply 
division,    engineering   department. 

F.  Thornton,  detail  and  supply  di- 
vision,  engineering  department. 

.\.  \.  Tirrill,  formerly,  president, 
Tirrill  Manufacturing  Company, 
.Athens,  Pa. ;  now,  detail  and  supply 
division,    engineering   department. 

E.  B.  Tuttle,  electrical  engineer, 
C.    D.   &    P.   Tel.    Co.,    Pittsburg. 

Thf.o.  Varney,  industrial  division, 
engineering    department. 

C.  .\.  M.  Weber,  industrial  di- 
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General 

Influence  of  Prime  Mover  Charac- 
teristics  on   Power    Station   Economy 

—J.  R.  Bibbins.  C-7,  W-2200.  Vol. 
Ill,   p.    566,   Oct.   '06. 

Higrli-Speed  Steel  Tools — E.  R.  Nor- 
ris.  T-2,  1-2,  W-4250.  Vol.  IV,  p. 
24^).  May.   '07. 

(El  C.  B.  Auel.      W-725,  p.  241. 

(E)  E.  R.  Norrls.  W-250.  Vol.  IV, 
p.   303,  June,  '07. 

Oxy-Acetylene  Welding — C.  B.  Auel. 
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garding its  operation.  Costs.  (See 
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'09).      C-1,     D-2,     1-15,     W-5500.       Vol. 

VI,  p.    453,    Aug.,   '09. 

(El    C.    E.   Skinner.      W-400,   p.    449. 

Production  of  Oxygen — Cecil  Eight- 
foot.  Description  and  data  of  pro- 
cess and  apparatus  for  liquefaction 
of  gases  and  mechanical  separation 
of  gaseous  mixtures.  CSee  p.  453, 
Au.g..  '09).  T-1,  C-1.  1-3,  W-2575. 
Vol.  VI,  p.  528,   Sept.,  '09. 

<E>  C.  B.  Auel.  W-450,  p.  515. 
(Note  correction,  p.  640,  Oct.,  '09.) 

Tests  of  I^arg-e  Shaft  Bearings — 
Albert  Kingsbury.  Experimental 
tests  on  bearings  for  5  000  kw  Niag- 
ara generators.  T-1,  C-2,  D-1,  I-l, 
W-950.    Vol.  Ill,  p.  464,  Aug.,  '06. 

Question  Box — 104.  3SS,  508. 

Z^uhrlcation  of  Bearings — A.  M. 
Mattice.  Various  methods.  Oil 
grooyes,  temperature.  W-2100,  Vol. 
Ill,  p.  323,  June,  '06. 

Melville  and  Macalpine  Reduction 
Gear — Details  of  construction  and  re- 
sults of  tests.    D-1,  1-5,  W-1000.    Vol. 

VII,  p.  26,  Jan.,  '10. 

(E)   Chas.  F.   Scott.      W-800,  p.  11. 

Portland  Cement  and  Its  Uses — T. 
D.  Lynch.  Production.  Properties. 
W-550.     Vol.  VII,  p.  13,   Jan.,  '10. 

Question  Box — 294,   295. 

Determination  of  Pulley  and  Belt 
Sizes— C.  B.  Mills.  T-1,  I-l,  W-1725. 
Vr,i.   A-II.   p.    729,   Sept.,  '10. 

Question  Box — 131,  201,  263,  312, 
396.  4T;S,  546,  679. 

Brakes 

History  of  the  Air  Brake — George 
T\'estingliouse.  Its  conception,  intro- 
duouon  and  deyelopment.  1-5,  W-3S25. 
Vol.   VIII.   p.   227,  Mar.,  '11. 

Air  Brakes  for  Electrical  and  Steam 
Road  Service — S.  W.  Dudley  (E).  Re- 
cent deyelopments.  W-3700,  p.  13. 
Vol.  VIII.  Jan.,  '11. 

Brakinar  Electrically  Propelled  Ve- 
hicles— W.  V.  Turner.  Straight  air- 
brakes: automatic  equipment;  electro- 
pneumatic.  G-5,  ■W-6700.  Vol.  VIII, 
p.  90:..  Oct.,  '11. 

Automatic  Air  Braking  for  Electric 
Railways — Stuart  J.  Fuller.  History 
of  its  invention  and  development; 
data  to  be  considered  in  laying  out  a 
system  1-4,  W-2200.  Vol.  I,  p.  571, 
Nov.,  '04. 


Compressors  — .Motor-Driven.  —   B 

H.  Dewson.  1-6,  W-1500.  Vol.  II,  p. 
301,   May,   '05. 

Governors,  Automatic  Pressure — 
E.  H.  Dewson.  Types;  action;  dia- 
grams. 1-5,  W-2000.  Vol.  II,  p.  445, 
July,  '05. 

Straight  Air  Brake,  Details  of  the 
— B.  H.  Dewson.  D-1,  1-5,  W-2300. 
Vol.  I,   P.   650,  Dec,  '04. 

Poundation  Brake  Rigging — E.  H. 
Dewson.  T-1,  D-6,  W-2300.  Vol.  II, 
p.    158,   Mar.,   '05. 

Straight  Air  Brake — Motor-Driven 
Type — Early  types;  economy  of  pow- 
er brake;  sources  of  power.  I-l,  W- 
1600.     Vol.  I,  p.  497,  Oct.,  '04. 

Transmission  Gear  of  an  Air  Brak* 
Equipment — E.  H.  Dewson.  T-2,  D-1, 
'W-l-Zi'd.      Vol.   II,   p.    105,   Feb.,   '05. 

Triple  "Valves — Plain  and  Quick 
Action— E.  H.  Dewson.  1-7,  W-2000. 
Vol.   II,   p.   45,   Jan.,  '05. 

Question  Box — 253. 

Priction  Brakes — Henry  D.  James. 
Features  essential  to  their  proper  de- 
sign and  construction.  Use  in  motor 
applications.  1-2,  W-1650.  Vol.  VI, 
p.    31.   Jan.,   '09. 

Priction  Brake,  Magnertically-Op- 
erated— H.  D.  James.  C-1,  D-1.  1-2, 
W-1500.      Vol.  Y.  p.    267,  May,  '08. 

Self-Regulating  Priction  Brake — 
H.  M.  S'cheibe.  A  modification  of 
prony  brake  to  maintain  constant 
load.  1-4,  W-550.  Vol.  IV,  p.  118. 
Feb..  "07. 

Hydraulic  Ahsorption  Dynamo- 
meter—Description of  6  000  hp  water 
brake,  designed  for  testing  6  000  hp 
reduction  gear.  (See  p.  26,  Jan.,  '10.) 
1-8.  W-140O.      Vol.  VII,  p.  120.  Feb.,  '10. 

(E)    H.  E.   Longwell.      W-875.   p.   91. 

Prony  Brake  for  Small  Motors — C. 
R.  Dooley.  T-2,  W-350.  Vol.  Ill,  p. 
523,    Sept.,   "06. 

Gas 

Gas     Power     Plants — A.     M.     Gow. 

Economical  advantages;  suitable 
gases;  producer  gas  and  producers; 
gas  analyses.  T-2,  W-3500.  Vol.  I, 
p.    65.    Mch..   '04. 

Gas  Engines  in  Electric  Railway 
Service  —  J.  R.  Bibbins.  Suitability; 
operating  cost,  gas  vs.  steam  power; 
conclusions.  T-3,  C-5,  1-3,  W-2200. 
Vol.  II,  p.   658,  Nov..  '05. 

Gas  Driven  Blowing  Plant — At 
Gary  Works,  Indiana  Steel  Co.  T-1, 
1-9,  W-4425.    Vol.  VI.  p.  134,  Mar., '09. 

(E)  Methods  of  effecting  economy 
of  operation.     W-775.     P.   152. 

Gas  Driven  Power  Station — J.  R. 
Bibbins.  60-Cycle  installation  at 
plant  of  Union  Switch  and  Signal 
Co.  T-1,  C-19,  1-2,  W-3450.  Vol.  VI, 
p.   94.   Feb..  '09. 

Pertinent  Features  Relating  to 
Gas  Power — Edwin  D.  Dreyfus.  Dis- 
tinct fields  of  usefulness  of  gas  en- 
gines. T-2,  C-3,  D-1.  1-3,  W-2500. 
Vol.  VIII,  p.  71,  Jan.,  '11. 
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Warren  Gas  Power  Plant — J.  R. 
Bibbins.  Conditions  and  cost  of  op- 
eration. Equipment  details.  T-1, 
C-4,  1-2,  W-1800.  Vol.  Ill,  p.  205, 
Apr.,  '06. 

Points  on  the  Operation  of  the  AVar- 
ren  &  Jamestown  Single-Phase  Rail- 
way bv  Gas  Engines.  T-3,  C-2,  I-l, 
W-2306.      Vol.   III.   p.   441.   Aug.,   '06. 

(E)  E.  H.  Sniffln.  W-600.  Vol.  Ill, 
p.    181. 

Sbop  Testing'  of  Gas  Engines — E. 
B.  Arnold.  T-1,  C-1,  1-6,  W-1500. 
Tol.   I,  p.   522,  Oct.,  '04. 

Points  in  Design  of  Iiargfe  Gas 
Bnrines — C-4,  D-3,  1-9,  W-2  600.  Vol. 
V,  p.   250,   May,  '08. 

Question  Box — 343,  357. 

European     Gas    Engine    Practice — 

Rudolph       Wlntzer.       W-1600.         Vol. 

III,  p.   642,  Nov..   '06. 

Improvements     in     IgTiltion — J.    R- 

Blbblns.      Method    of    changing   point 
or    Ignition.       C-S,    I-l,    W-800.      Vol. 

IV,  p.   156,  Mar.,  '07. 

Ignition  Tube  Temperature^Effect 
en  Kegulation — Leonard  Work.  W- 
460.     Vol.   V,  p.   54,  Jan.,  "08. 

Question  Box — 70,  191,   192,  370,  615. 


5team 

steam  Power  Plant  Machinery — E. 

H.    Sniffln     (E).      W-475,    p.    11.      Vol. 
VIII,   Jan..   '11. 

Superheated  Steam — Ultimate  Com- 
mercial Value — J.  R.  Bibbins.  T-7, 
C-5,  W-3200.    Vol.  III.,  p.  141,  Mar.,  '06. 

Steam  Turbine — Francis  Hodgkin- 
Bon.  Advantages;  steam  action; 
tests   under  various  conditions.      T-1, 

1-7.    W-3200.      Vol.    I,   p.   84,   Mch.,   '04. 

Steam  Turbines — J.  N.  Bailey. 
Fundamental  principles  and  rela- 
tions of  various  types.  Methods  of 
utilizing  high  velocity  of  steam. 
C-4,  D-4.  I-l,  W-3500.  Vol.  V,  p.  305, 
June,  '08. 

(E)   E.  H.   Sniffln.     W-250,  p.   302. 

Double  Plow  Turbine — R.  N.  Ehr- 
hart.  Development  of  new  design. 
Advantages.  D-2,  I-l.  W-1  450.  Vol. 
V,  p.  574,  Oct.,  '03.  (See  E.,  p.  549,  by 
B.   G.   Lamme.) 

Steam  Turbines  for  Puture  Work — 
Edwin  D.  Drevfus.  W-5500.  Vol. 
VIII,  p.  925,  Oct..  '11. 

(E)  P'rancis  Hodgkinson  Turbine 
Design.      W-325.  p.   829. 

Some  Steam  Turbine  Considerations 

— Edwin  D.  Dreyfus.  Rotative  speeds; 
operating  conditions;  efficiencies; 
comparative  tests  of  engines  and  tur- 
bines. T-2,  C-4,  D-1,  1-8,  W-3700. 
Vol.  VIII,  pp.  247  and  375,  Mar., 
April,  '11. 

(E)  W.  B.  Flanders.  Steam  Power 
Plant  Economy.       p.  214,  Mar.,  '11. 

Turbines  for  Electric  Stations  of 
Moderate  Size^Edwin  D.  Dreyfus. 
T-3.  C-4,  D-2,  1-14.  W-6950.  Vol. 
VIII,  p.   746,  Sept.,  '11. 

(E)  E.  H.  Sniffln.  Development  of 
the  Small  Steam  Turbine,     p.  741. 


Various  Phases  of  l.ew-Pressure 
Turbine  Work — Edwin  D.  Dreyfus. 
T-3,  C-5,  D-S.  I-ll.  W-6300.  Vol. 
VIII,   p.   431,   May,  '11. 

(E)   H.  E.  Longwell.      p.   409. 

Iiow  Pressure  Exhaust  Steant  Tur- 
bines— J.  R.  Bibbins.  Use  of  ex- 
haust steam  from  reciprocating  en- 
gines and  resulting  total  efficiency. 
C-4,  D-1,  1-3,  W-3  950.  Vol.  V,  p. 
707,  Dec,  'OS;  also  C-1.  W-S25.  Vol. 
IV,  p.   560,  Oct.,  '07. 

IiOw  Pressure  Type  Combined 
with  Steam  Engine — Edwin  D.  Drey- 
fus. Economy  effected  with  combined 
unit.  C-8,  I-l,  W-3625.  Vol.  VI,  p. 
597,  Oct.,  '09. 

(E)  Francis  Hodgkinson.  Varia- 
tion of  details  to  suit  specific  re- 
quirements.    W-800.     P.    581. 

High  Speed  Steam  Turbine — Edwin 
D.  Dreyfus.  Effect  of  increased  speed 
on  mechanical  strength,  bearing  duty, 
blade  construction  and  economy.  T-1, 
1-6,  W-1500.  Vol.  VII,  p.  602,  Aug., 
'10. 

Marine  Steam  Turbine  with  New 
Reduction  Gear  —  George  Westing- 
house.  Discussion  of  problem  and 
solution.  W-3675.  Vol.  VII,  p.  17, 
Jan.,  '10.  (See  E,  Chas.  F.  Scott,  p. 
11.) 

Turbines,  Commercial  Testing  of 
Steam — A.  O.  Christie.  T-2.  D-1,  I-S. 
W-3200.      Vol.   I,  p.   387,  Aug.,  '04. 

High  Vacua  and  Superheat  in 
Steam  Turbines — J.  R.  Bibbins. 
Economy;  test  and  curves  from  Par- 
sons turbine;  deductions  (E).  p.  193. 
T-1.  C-5,  W-1400.  Vol.  II,  p.  151, 
Mch.,  '05. 

Steam  Turbine  Situation — Edward 
H.  Sniffln.  W-900.  Vol.  Ill,  p.  21 
Jan.,   '06. 

Report   on  Economy  Tests  of  7  500 

kw  turbo-generator  at  Waterside  Sta- 
tion, No.  2  of  New  York  Edison  Co. 
T-1,  I-l,  W-1200.  Vol.  IV,  p.  655. 
Nov.,  '07. 

Vanes,  Durability  of  Steam  Tur- 
bine—J.  R.  Bibbins.  1-4,  P-2,  W-800. 
Vol.   ir,  p.   SCO,   June,  '05. 

Question  Box— 343,   358,   369,    485. 

The  Choice  of  a  Condenser — Fran- 
cis Hodgkinson.  Discussion  of  con- 
ditions to  be  met  and  features  of  de- 
sign, construction  and  operation 
bearing  upon  selectisn  of  equipment. 
T-1,  C-3,  1-24,  W-14000.  Vol.  VI.  pp. 
391,  476,  553,  618,  693,  July  to  Nov., 
'09,   inclusive. 

(E)  R.  A.  Smart.  Condensers  for 
steam  power  plants.  Discussion  of 
types.  Economizers.  Air  pumps. 
W-750.     P.  385,  July,  '09. 

I^e  Blanc  Condensers  and  Air 
Pumps — J.  A.  McLay.  Relative  im- 
portance of  auxiliaries.  Discussion 
of  types.  1-3,  W-1625.  Vol.  VI,  p 
752,   Dec,  '09. 

The  Leblanc  Condenser — R.  N.  Ehr- 
hart.  Principle  of  operation.  Sim- 
plicitv.  The  air  pump.  T-1.  D-2.  1-2. 
W-lSii.'"!.      Vol.   VII.   p.   526.   July.     10. 

Question  Box — 59,    600. 
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ELECTRICAL  ENGINEERING 

GENERAL 


Tendencies  in  Desig-n  of  Electrical 
Machines — B.  G.  Lamme  (E).  W- 
2375,    p.    6.      Vol.    Vlll.   Jan.,   'll. 

Developments    in   Detail   Apparatus 

— T.  S.  Perkins  (E).  W-1500,  p.  52. 
Vol.  VIII,  Jan.,  '11. 

Electricity  in  DeTelopment  of  the 
South  — •  George  Westinghouse.  W- 
5575.      Vol.    VIII,   p.   .311,   Apr.,   '11. 

(H.)      W-475,   p.    305. 

Solving:  New  Problems — C.  E.  Skin- 
ner   (E).      Necessity    of   investigation 


and  research  work  on  conamercial 
basis  on  part  of  manufacturers.  W- 
950,  p.  41.      Vol.  VIII,  Jan.,  '11. 

Application  of  Pure  Science  in  the 
Industries — Chas.  F.  Scott  (E).Work 
of  the  U.  S.  Bureau  of  Standards.  W. 
1175.      Vol.  VIII,  p.   669,  Aug.  '11. 

Electric  Industry  in  Oenuany — 
Waldemar       Koch.  Representative 

manufacturing  companies.  T-1,  W- 
1825.      Vol.  VI,  p.   42,   Jan..  "09. 


SPECIFICATIONS  AND  STATISTICS 


Commercial  Research — C.  E.  Skin- 
ner. Investigation  of  properties  of 
materials,  processes,  designs;  devel- 
opment of  new  apparatus;  critical 
study  of  existing  designs;  causes  of 
failnres;  method  of  work,  applica- 
tion of  results,  records.  W-7  400, 
Vol.   V,    p.    185,   Apr.,   "OS. 

(E)    Chas.   F.   Scott.      W-650,   p.   182. 

Science  and  Industry — L.  H.  Baeke- 
lanS.  Presidential  address,  American 
Electrochemical  Society,  Pittsburg, 
May,  1910.  W-1500.  Vol.  VII,  p.  532, 
July,   '10. 

(E)  C.  E.  Skinner.  The  scientist 
and  the  engineer.     \V-375,  p.   502. 

Engineering-  Responsibility  —  Chas. 
B.  Dudley.  An  inquiry  as  to  causes 
of  failure  and  methods  of  improve- 
ment.   W-3800.    Val.  VI,  p.  483,  Aug., '09. 

(E)    C.    E.    Skinner.     W-275,   p.    452. 


Standards  for  Electrical  Appara- 
tus— British,    American    and    Oemum 

— J.  S.  Peck.  T-3,  W-S2  5.  Vol.  V,  i». 
318,   June,   '08. 

(E)  Temperature  Ratings — P.  M. 
Lincoln.      W-550,    p.    301. 

Question  Box — 456. 

Raw  Material  Supply— P.  H.  Knight 

and  C.  E.  Skinner.  Observations, 
suggestions  and  rules  regarding  the 
purchase  of  raw  material.  W-3700. 
Vol.  IV,  p.  373.     July.  '07. 

Government  Specifications  for  Elec- 
trical Apparatus — Chas.  F.  Scott. 
Relation  to  A.  I.  E.  E.  standardizatioa 
code,  and  manufacturers.  W-4825. 
Vol.  VII,  p.  157,  Feb.,  '10. 

(E)   W-250.  p.  07. 

Question  Box — 385,  386. 


MATERIALS 


Copper  and  Its  Alloys — Foundry 
Practice — W.  J.  Reardon.  1-2,  W-1600. 
^■o].   1,  p.   lOS,  Mar.,  '04. 

Steel,  Testing-  of  Sheet — C.  E.  Skin- 
ner. The  Armature  Method.  De- 
scription of  dynamometer  used. 
Tests  for  aging.  Permeability  tests. 
LaiHb  and  Walker  Permeability 
Meter.  1-3,  W-3000.  Vol.  I,  p.  333, 
July,   '04. 

Question  Box — 147,   387. 

Design  and  Testing  of  Electrical 
Porcelain — Dean  Harvey.  D-1,  I-IO, 
Ar-270e.      Vol.    IV,   p.   568,  Oct.,  '07. 

Manufacture  of  Electrical  Porce- 
lain— Dean  Harvev.  1-3,  W-1350. 
Vol.   IV,   p.   352.  June,  '07. 

Asbestos — Its  Production  and  Use 
— H.  R.  Edgecomb.  T-1.  1-7,  W-3275. 
Vol.  VIII.   p.   S2.  Jan.,  '11. 

■Water-proofing  Compounds  in 
Transformers.  Soluble  and  Insoluble 
ones.  Danger  from  soluble  ones. 
W-350.     Vol.  II,  p.  128,  Feb.,  '05. 

Question  Box — 52.  268,  312,  317, 
355,  369,  385,  386,  388,  489,   623. 

Insulation 

Insulating  Materials — R.  H.  Arnold. 
Classification  of  characteristics  and 
uses.  W-3225.  Vol.  VIII,  p.  195. 
Feb..   '11. 

Physical  Characteristics  of  Dielec- 
trics— A.  P.  M.  Fleming.  A  general 
discussion.  Gases.  Liquids.  Solids. 
C-S.  W-2550.    Vol.  IV.  p.  364,  July, '07. 

(E)   C.  E.  Skinner.     W-250,  p.  361. 


Insulation:  Resistance  and  Dielec- 
tric Strength;  Method  of  Measure- 
ment— R.  E.  Workman.  D-1,  W-800. 
Vol.   I,  p.   544,  Oct.,   '04. 

Insulation — O.  B.  Moore.  Relation 
of  ohmic  resistance  and  dielectric 
strength.  Tests.  Curves.  C-3,  D-1, 
W-2400.     Vol.   II,  p.  333,  June.  '05. 

Impregnation  of  Coils  with  SoUA 
Compounds — J.  R.  Sanborn.  Process 
and  apparatus.  Materials:  their 
sources  and  preparation.  Methods  of 
testing.  C-2.  D-1.  1-6,  W-3225.  VoL 
VII.  p.   195,  Mar.,  '10. 

(E)    C.   E.   Skinner.      W-600,  p.   182. 

Condenser  Type  Terminals — A.  B. 
Reynders.  Theory;  distribution  of 
potential.  Results  in  service;  com- 
parative advantages.  Tests.  C-5, 
D-4,  1-16,  W-2650.  Vol.  VII,  p.  76S, 
Oct..  -10. 

(E)    P.  M.   Lincoln.     W-575,  p.   744. 

Insulation  Testing — C.  E.  Skinner. 
A  comparative  article.  D-9,  1-5, 
W-6400.     Vol.   U,  p.    538,   Sept.,  '05. 

Testing  of  Insulating  and  Other 
Materials — C.  E.  Skinner.  Desirabil- 
ity of  standardizing.  W-2425.  Vol. 
VII,   p.    169,   Feb.,  '10. 

Standard  Tests  for  Dlelectrlo 
Strength — C.  E.  Skinner  (E).  Com- 
ment on  new  standardization  rules  of 
A.  I.  E.  E.  W-1000.  Vol.  IV.  p.  544. 
Oct.,  '07. 

Question  Box — 119,  247.  315.  344» 
483,    552.   646. 


GENERAL — Measurement — Metei 


OU-Switch  Work,  Oil  for.  Re- 
quirements for  the  oil.  W-150.  Vol. 
II,  p.   128,  Feb.,  '05. 

Question  Box— 226,   393,   430,   483. 

Taping^ — C  Stepliens.  Purpose  and 
kinds  of  tape.  Different  uses  for 
the  tliree  general  classes  of  tape. 
I-l.   W-800.      Vol.   II.  p.   258,   Apr.,   '05. 


Varnished  Cloth  Cables  for  Migh 
Voltag-o  Service — Henry  W.  Fisher. 
W-80U.      Vol.   Ill,    p.    235,   Apr..  '06. 

liocatingf  Taults — C.  E.  Skinner. 
Method  of  burning  insulation  at  the 
point  of  fault.  W-250.  Vol.  II,  p. 
614,   Oct.,   '05. 

Question  Box— 48,  114,  116,  119,  145, 
255.   283.  473. 


MEASUREMENT 


Qeneral 

See  also  Theory  p.  8 
Measurements    of    Inductance  —  H. 

B.  Taylor.  A  substitute  for  the  seco- 
meter.  D-1,  W-550.  Vol.  IV,  p.  296, 
May,    '07. 

Power  in  Polyphase  Circuits  by 
Single-Phase  Wattmeters  —  R.  E. 
Workman.  Explanation;  connections. 
D-2,    W-200.      Vol.   I,   p.    674,   Dec,   '04. 

Question  Box — 193. 

Polyphase  Power  by  Single-Phase 
Meters— M.  B.  Chase,  W-175.  Vol. 
V,    p.    52,    Jan.,    'OS. 

Polyphase  Connections  —  M.  H. 
Rodda.  Correct  connections  of  watt- 
meters on  three-phase  circuits  re- 
gardless of  power-factor.  D-4,  W- 
1800.      Vol.   VI,  p.   436,  July,  '09. 

Question  Box — 364,    452. 

Three-Phase  Power — H.  M.  Scheibe. 
Demonstration  of  the  correctness  of 
method.  D-4,  W-600.  Vol.  IV,  p.  56, 
Jan..  '07. 

Question  Box — 361,    446. 

Measurements  Involving  the  Use  of 
Series  Transformers — H.  B.  Taylor- 
Ratio.  Performance.  Directions  for 
use.  Interchangeability.  C-1,  1-2, 
W-2050.      Vol.   IV,   p.  234,   Apr.,   '07. 

(K)   W.  II.  'I'lnimpsfin.      W-600,  p.  185. 

Question   Box — 523,   691. 

Current  Transformer  Characteris- 
tics— Harold  W.  Brown.  Methods  of 
grouping,  for  use  witli  various  meter 
and  relay  combinations.  C-1,  D-11, 
M^-875.     Vol.  VIII,  p.  642,  July,  '11. 

Grouping-  of  Current  Transformers 
— Harold  W  Brown.  Reversed  V, 
Y-connection,  open  delta,  or  V-eon- 
nection,  delta,  Z-connection.  D-27, 
"^-4250.  Vol.  VllI,  pp.  1023,  1109, 
Nov.,   Dec,   '11. 

Measuring  Kectifled  Currents — Paul 
MacGahan.  Action  of  various  types 
of  direct-current  meters.  C-2.  W- 
1075.      Vol.  VI,  p.   700,  Nov.,  '09. 

Question  Box — .18  2 

Effect  of  Power-Factor  on  Poly- 
phase Meter  Reading — C.  W.  Kinney. 
W-275.      Vol.   V,   1).    53,   Jan..   '08. 

M.  B.  Chase.  W-300.  Vol.  V,  p. 
53,  Jan..   'OS. 

Measurement  of  Leakage  from 
Bail  to  Water  Pipe  System — C.  W. 
Kinney.  Usina:  voltmeter  and  am- 
meter to  determine  current  flowing. 
W-250.      Vol.  VI,   p.   182,. Mar.,  '09. 

Apparatus  for  Testing — Chas  A 
Hobein.  Portable  outfit  giving  means 
of  current  adiu.stment.  D-1,  W-250. 
Vol.    VI.    D.    314.    Mav.   '09. 

Question  Box — 413, 
Error  in  Measurement  of  Trans- 
former Iioad — J.  N.  C.  Holroyde. 
App.nrent  unequal  distribution  of  load 
on  two  transformer  bank.s.  D-1,  W- 
300.      Vol,   VI,   p,   312,  May,  *09. 


Current  Measuring  —  Three-Phase 
System  —  Two  Transformers.  Con- 
nections; method  of  measurement, 
D-1,  W-200.      Vol.   I,  p.   247,  May,  '04. 

Double  Voltages  in  Circuits  Having 
Capacity  and  Inductance — H,  B. 
Dwight  and  C.  W.  Baker.  Abnormal 
voltages  obtained  during  test  of  gen- 
erator for  grounds,  with  meter  trans- 
former in  circuit.  C-2,  D-10,  W-2150, 
Vol.  VIII,  p.  1102,  Dec,  '11. 

(E/    C.   Fortescue.      W-760,  p.  1048. 

The  Oscillograph — S.  M.  Kintner 
(E).  W^-425.  Vol.  Ill,  p.  543,  Oct., 
•06. 

Question  Box — 209. 

Use  of  Oscillograph  on  Testing 
Ploor— H.  H.  Galleher.  C-4,  1-5,  W- 
1  175.      Vol.    V,    p.    401,   July,   '08. 

Kathode  Bay  Oscillograph  —  R. 
Rankin.  Ryan  oscillograph.  (B) 
Chas.  F.  Scott,  p.  646.  D-1,  I-ll,  W- 
4000.      \^ol.  II,  p.   620.  Oct.,  '05. 

Null  Method  for  Magnetic  Tests — 
H.  B.  Tavlor.  C-l,  D-1.  1-2,  W-3000. 
Vol.   IV,  p,   16S,   Mar,,   '07. 

Phantom  Grounds — R.  F.  Howard. 
Due  to  condenser  effect  between  the 
windings  of  the  apparatus.  W-400. 
Vol.  V,  p.    474,   Aug.,  '08. 

Question    Box — 181,     1S8,    218,    261, 


670. 


Meters 


Progress    in    Instrument    Design — 

Paul  MacGahan  (E).  Development 
of  alternating-current  instruments. 
W-350.      Vol.    II,    p.    520,    Aug.,   'OS. 

Relation  Between  Meter  Design 
and  Switchboard  Lay-Out — Paul  Mac- 
Gahan. Space  reciuiroments,  T-3,  D- 
3275,      Vol.    VIII,    p.    1093,    Dec,    '11. 

(E)  C.  H,  Sanderson.  W-407,  p. 
1047. 

Handling  Electrical  Instruments — 
H.  B.  Taylor.  Causes  affecting  ac- 
curacv;  corrections;  precautions.  D-2, 
W-3000.      Vol.   II,   p.    474,   Aug.,   '05. 

Portable  Indicating  Meters — Albert 
W.ilton.  Their  utility  for  investiga- 
tion of  operating  conditions  in  elec- 
trical work.  D-1,  1-4,  W-1725.  Vol. 
VI II, p.    7:16,  Sent..  '11. 

Polyphase  Metering  Conventions — • 
M.  C,  Rypinski,  Standard  arrange- 
ments of  connections  for  instrument 
transformers,  wattmeters,  power-fac- 
tor meters,  synchroscopes.  D-IO,  W- 
925.      Vol.  IV.  p,   89.   Feb,.   '07. 

Maintenance  and  Calibration  of 
Service  Meters — William  Bradshaw. 
C-3,  W-2600.  Vol.  Ill,  p.  390,  July. 
'06. 

Reading  Error  of  Indicating  In- 
struments—  V.  B.  P^.rackett.  <  E)  F. 
Conrad,  p.  709.  C-1,  W-1000.  Vol. 
II.    n     704.    Nov..    -of; 

Question  Box — 20? 


MEASUREMENT— Meters  &  Relays 


General  Application  of  Meter  Con- 
nections— H.  W.  Brown.  Polyphase 
wattmeters  and  power-factor  meters, 
transformers.  D-10,  \V-700.  Vol. 
VI.  p.   308.  May,  '09. 

Question  Box — 219. 

Standard  Connections  —  General — 
H.  W.  Bruwn.  Assumption  regarding 
positive  direction  of  current.  Rela- 
tion of  currents  in  current  and  e.m.f. 
coils.  D-22,  W-1800.  Vol.  V,  p.  260, 
May,  -08. 

(E)  Standardizing  Power  House 
Wiring — Bertrand  P.  Rowe.  W-450. 
p.    243. 

Vector  Diagrams  Applied  to  Poly- 
phase Connections — H.  W.  Brown. 
Means  of  determining  phase  rela- 
tions between  currents  and  e.m.f's. 
resulting  from  various  connections. 
D-20,  W-2  950.     Vol.  V,  p.   341.     June,  '08. 

Sing'le-Fhase  Connections — H.  W. 
Brown.  Transformers;  Two -wire; 
grouping;  special:  three-wire;  teaser 
system.  D-17.  W-3  000.  Vol.  V,  p. 
597,  Oct.,  '08. 

Question  Box — 278. 

Two-Phase  and  Pour-Phase  Con- 
nections— H.  W.  Brown.  Two-Phase 
— four-wire,  three-wire,  five-wire. 
Four-phase  —  four-wire.  D-10,  W- 
1  800.     Vol.  V,  p.   660,  Nov.,  '08. 

Three-Phase  —  Three- Wire  Connec- 
tions—H.  W.  Brown.  Grouping  poly- 
phase meters,  single-phase  meters, 
voltmeters  and  ammeters.  T-1,  D-36, 
■W-3250.  Vol.  V,  p.  725,  Dec,  '08, 
and  Vol.  VI,  p.  47,  Jan.,  '09. 

Three-Phase  —  Pour-Wire  Connec- 
tions— H.  W.  Brown.  Wattmeters  and 
power-factor  meters.  Voltmeters  and 
ammeters.      General    conclusions.     D- 

II.  W-2425.    Vol.  VI,   p.   113,  Feb.,  '09. 
Six-Phase      Connections  —  H.      W. 

Brown.  Double-delta;  grouping  sin- 
gle-phase meters  on  balanced  and  un- 
balanced circuits,  relays.  Diametri- 
cal; single-phase  meters  on  balanced 
circuit,  relays.  D-9,  W-2850.  Vol. 
VI.  p.   172,  Mar.,  '09. 

Special  Connections — H.  W.  Brown. 
Series-parallel;  totalizing  and  aver- 
aging; high  and  low-tension  ground 
detectors;  wattless  volt-amperes; 
speed  indicators:  synchronizing  cir- 
cuits of  unlike  phases.  D-21,  W-2700. 
Vol.  VI,   p.   298.  May,  '09. 

Error  in  Instruments  Due  to  Wave 
Form — K.    E.    Sommer.      W-300.      Vol. 

III,  p.   599,  Oct.,  '06. 
Question  Box — 382. 
Potentiometer   for   Measuring    low 

Resistance— H.  B.  Taylor.  D-1,  1-2, 
W-2300.      A'ol.  III.  p.   686,  Dec,  '06. 

Frequency  Meters  —  F.  Conrad. 
W-SOO.      Vol.    III.    p.    535,   Sept.,   '06. 

A  Polarity  Indicator — K.  E.  Som- 
mer. W-250,  Vol.  Ill,  p.  598,  Oct., 
'06. 

Graphic  Becordlng  Meters.  Detail- 
ed description.  D-1,  I-l.  Vol.  Ill,  p. 
297,  May,  '06. 

(E)   Paul  MacGahan.    W-475,  p.  245. 

Graphic  Meters — Albert  Walton.  In- 
terpretation of  curves;  use  in  textile 
mills  for  the  investigation  and  record 
of  operating  conditions.  (See  ed..  p. 
415.)  C-4.  D-2,  T-1,  W-5100.  Vol. 
VIII,  p.  416,   May,  '11.  ^ 

(E)  An  Electric  Supervisor.  W- 
275,  p.  415. 

Power  Pactor  Meter  Connections. 
D-2,   W-400.     Vol.  I,  p.   368,  July,  '04. 


Power  Pactor  Meters  and  Their  Ap- 
plication— Paul  jNIacGahan.  D-11,  I- 
2,  W-2200.    Vol.  I,  p.  462,  Sept.,  '04. 

Power    Pactor    Meter,    Test    of    ». 

Correction  for  change  of  frequency. 
D-1,   W-600.      Vol.    I.    p.    554,   Oct.,   '04. 

Meter  and  Testing  Dept.,  Hartford 
Electric  Iiight  Company — F.  W. 
Prince.  C-1,  D-2.  1-3,  W-1550.  Vol- 
V,  p.   204,  Apr.,   '08. 

(E)   H.  W.  Young.      W-450,  p.   181. 

Remedy  for  Static  Error  in  Meter 
— Will  C.  Baker.  Charge  neutralized 
with  lighted  match  by  ionization. 
W-350.      Vol.  VII.  p.   659,   Aug.,  '10. 

Question  Box — 27,  45,  56,  66,  189, 
214,  232.  236,  239,  240,  333,  413,   419. 

WATTSXETEBS 

Integrating  Wattmeters — ^H.  Miller. 
Induction  Type.  Principles.  Con- 
struction. Accuracy.  Results  ob- 
tained. Operating  Conditions.  C-4, 
D-3,  1-3,  W-4400.  Vol.  IV,  p.  684. 
Oct.,  '07. 

Method  of  Calibrating  Wattm^etera 
— H.  B.  Taylor.  Arrangements  of 
circuits  to  get  different  loads  and 
phase  relations.  D-2,  I-l,  W-1900. 
Vol.   Ill,   p.    624,  Nov.,  '06. 

Calibrating  Standard  Wattmeter* 
by  Potentiometer  Method — H.  B.  Tay- 
lor. C-1,  D-1,  1-2,  W-3900.  Vol.  IV' 
p.   93,  Feb..  '07. 

Remedy  Por  Wrong  Connection — 
M.  B.  Chase.  Error  in  registration, 
due  to  wrong  connection  of  current 
and    e.m.f.    coils.      D-1.    W-450.      Vol. 

V.  p.   290,  May.  '08. 

Question  Box — 43,  67.  69.  73,  124, 
132,  159,  176.  177,  200,  219,  222,  237. 
251,  2S2,  292,  304,  319,  328,  329,  332, 
361,  419,  432,  458,  503,  527,  542,  578, 
5S9,  598,  617,  638,  642,  654. 
VOIiTMETERS  AKD  AMMETERS 

Disc-Type  Induction — Paul  Mac- 
Gahan.     C-1,    D-1,    1-4,    W-1S35.      Vol. 

VI,  p.   36,  Jan..   '09.  _      . 
(E)    Meter    Development.      Review 

of  various   types.     W-425.     P.   6. 

Differential  Voltmeter  —  H.  W. 
Peck.  Description;  use;  connections. 
W-200.     Vol.  II,   p.   102,   Feb.,  '05. 

Iron  Loss  Voltmeter — Thos.  Spoon- 
er.  Description  of  instrument  and 
method  for  simple  and  ready  deter- 
mination of  transformer  iron  losses 
on  sine  wave  basis.  C-9,  D-2,  I-l, 
W-3n50.      Vol.  VIII.  38S,  Apr.,  '11. 

(E)    C.   E.   Skinner.      W-400,   p.      309. 

Electrostatic  Voltmeter  with  Con- 
denser Terminal  — A.  W.  Copley. 
Range  10  000  to  200  000  volts.  C-1, 
D-1,  1-2,  W-924.  Vol.  VII,  p.  984, 
Dec,   '10. 

Question  Box— 461.  «...,*«.^ 

Induction  Ammeters  and  Voltme- 
ters— Paul  MacGahan.  C-2,  D-2,  1-4, 
W-1300.     Vol.  IV,  p.   113.  Feb.,  '07. 

A  Hot  Wire  Ammeter  —  E.  C. 
Wheeler.  W-225.  Vol.  III.  p.  360, 
June.  '06.  ^  - 

Kelvin  Sector  Type  Ammeters  and 
Voltmeters— M.  C.  Rypinski.  Theory. 
Description.  1-3,  D-1,  C-2.  W-1500. 
Vol.  Ill,   p.    588,  Oct.,  '06. 

Error  in  Ammeter  Measurement—- 
Wrong  Location  of  Shunt — C.  A. 
Le    Quesne,    Jr.      W-400.      Vol.    V,    p. 

Question  Box— 28,  99,  495,  496,  583. 
632. 


MEASUREMENT— Relays— Theory 


Relays 

Protective  Belays — M.  C.  Rypinskl. 
Purpose,  application,  details  of  con- 
struction and  operation,  and  dia- 
grams of  connections  of  various 
types.  C-5,  D-16,  1-17,  W-8  750.  Vol. 
V,  pp.  39.  97,  171,  233,  282,  350;  Jan., 
Feb.,   Mar.,   Apr.,   May.  June,   '08. 

Circuit  Breaker  Relay  Systems — R. 
?.  Jackson.  Localizing  trouble.  Re- 
verse current  protection;  against 
grounds,  and  against  lost  power. 
C-2,  D-7,  W-2200.  Vol.  VII,  p.  90S, 
N'ov.,   '10. 

Belay  Protection  of  Sub-Stations 
—Paul  MacGahan.  Relay  combina- 
tion used  at  sub-station  operated 
from  duplicate  transmission  lines, 
to  prevent  feeding  back  through 
sub-station  in  case  of  ground.  T-1, 
C-2.  D-5,  1-2.  W-2  875.  Vol.  V,  p. 
538.   Nov.,   '08. 


Belay      Connections    —   Standard — 

H.  W.  Brown.  D-27,  W-3499.  Vol  V. 
pp.   407,   461;   July,    Aug.,  '08. 

Six-Phase  Connections  —  H.  W. 
Brown.  Double-delta  and  diametri- 
cally connected  circuits.  D-3,  W-525. 
Vol.  VI,  pp.  176  and   180,  Mar.,  '09. 

Special  Connections — H.  W.  Brown. 
Protection  against  short-circuits, 
grounds  and  overload;  reverse  cur- 
rent. D-8,  W-1925.  Vol.  VI,  p.  430, 
July,   '09. 

"Voltag-e  Beg-ulating'  Belays — Paul 
MacGahan.  Primary  and  secondary 
relays.  D-1.  1-2,  W-775.  Vol.  VI,  f. 
635,   Oct.,  '09. 

Beverse  Current  Belays — P.  Mac- 
Gahan and  C.  Vv^.  Baker.  C-2,  D-2, 
W-1200.      Vol.   Ill,   p.   470,   Aug.,  '06. 

(E)    S.    Q.    Haves.      W-500,    p.    426. 

Question  Box — 97.  232,  238,  241, 
2S4,  313.  3S9,  584,  585. 


THEORY 


Induction  in  Transmission  Cir- 
cuits— Chas.  F.  Scott.  Physical  re- 
lations between  current,  field  and 
e.  m.  f.  of  self  and  mutual  induction. 
T-1,  D-10.  W-3600.  Vol.  III.  p.  81. 
Feb.,   '06. 

Question  Box — 338. 

Calculation  of  the  E.  M.  P.'s  Induc- 
ed in  Transmission  Circuits — Chas. 
F.  Scott.  Methods  and  constants  for 
determining  the  e.  m.  f.  of  mutual 
and  self-induction  In  parallel  cir- 
cuits. T-1,  I-l.  W-2000.  Vol.  III.  p. 
334.    June.    "06. 

Question  Box— 187.  206.  208.  267, 
J46. 

E.  M.  P.'s  Induced  in  Parallel  Cir- 
cuits— A.  W  Copley.  Solution  of  ex- 
amples. T-1,  D-1,  W-1150.  Vol.  III. 
p.   437.   Aug.,   '06. 

Question  Box — 547. 

Direction  of  Induced  Currents — H. 
L.  Kirker.  A  method  of  determining 
by  the  magnetic  vortex  theory.  1-6, 
W-700.     Vol.  IV,  p.  537.  Sept.,  '07. 

Question  Box — 242.  406,  517. 

Alternatingr-Current  Diagrams — Ap- 
plications of — V.  Karapetoff.  Ele- 
mentary examples  of  circuits  con- 
taining ohmic,  inductive,  and  three 
combinations  of  these  resistances, 
with  practical  examples.  D-14.  W- 
JOOO.     Vol.  I,   p.   159.   Apr..  '04. 

Resistances  in  parallel:  determina- 
tion of  inductive  load  for  given  pow- 
er factor;  resistance  of  series-par- 
allel arrangement;  power  factor  of 
transmission  system;  resistances  for 
quadrature  e.  m.  f.'s;  corrections  for 
iron  and  copper  losses  in  choke  colls. 
D-13,  "W-2400.      Vol.   I,  p.  205,  May,  '04. 

Induction  Motor  DiagramB  —  V. 
Karapetoff.  Vectorial  representation 
of  relations  between  primary,  secon- 
dary, and  leakage  flux,  also  primary 
and  secondary  voltages.  D-2.  "W- 
1500.     Vol.  I.  p.   606.  Nov..  '04. 

Circle  of  input;  explanation  and 
application.  Torque,  speed  and  out- 
put. Methods  of  obtaining  necessary 
«xperim«ntal  data.  Motor  slip.  D-4. 
W-4200.     Vol.   I.  p.  658.  Dec.   '04. 

Guide  for  the  use  of  the  Heyland 
diftsram.  See  p.  658,  Dec,  '04.C-3. 
D-1.  W-ISOO.    Vol.  II,  p.  118,  Feb., '05. 


Transformers  —  Applications  of 
Alternating-Current    Diagrams    —  V. 

Karapetoff.  Three  applications  of 
the  diagram  are  considered:  (1)  Ideal 
transformer;  (2)  influence  of  Iron 
loss;  (3)  influence  of  copper  loss  and 
leakage  flux.  D-5,  W-2000.  Vol.  I, 
p.    279,  June.   '04. 

(4)  Approximate  practical  dia- 
gram; (5)  experimental  determina- 
tion of  inductive  resistance  of  a 
transformer;  (6)  Kapp's  diagram  for 
pre-determination  of  drop  and  regu- 
lation; (7)  diagram  of  auto-trans- 
former. Explanation;  diagrams;  ex- 
amples. D-8.  W-22e0.  Vol.  I,  p.  410. 
Aug.,    '04. 

Vector  Diagrams  Applied  to  Poly- 
phase Meter  Connections — H.  W. 
Brown.  D-20.  W-2  950.  Vol.  V,  p. 
341,   June,   '08. 

Corona  and  the  Ionic  Theory — P.  M. 
Lincoln  (E).  Discussion  of  paper  by 
Prof.  Ryan  before  A.  I.  E.  E.  W-700. 
Vol.  VIII,  p.   117,  Feb..  '11. 

Graphic  Determination  of  Besist- 
ances— F.  W.  Harris.  D-10,  W-2425. 
Vol.   VI,    p.    627,   Oct.,   '09. 

Question  Box — 316. 

Regulation  of  Alternators — V.  Kar- 
apetoff. Diagrams  of  an  alternator. 
Condition  for  constant  terminal  e.  m. 
f.  Inductive  drop  and  demagnetizing 
effect  of  armature.  D-5,  W-3200. 
Vol.    I,   p.    532,   Oct.,  '04. 

Question  Box — 2G.5.    425. 

Equivalent  Current,  Voltage  and 
Besistance  of  Polyphase  Machinery 
— V.  Karapetoff.  D-4,  W-900.  Vol. 
I,   p.   471,    Sept..   '04. 

ITotation  for  Polyphase  Circtdts — 
Chas.  H.  Porter.  For  solution  of  vec- 
tor diagrams.  Examples.  D-7.  W- 
2400.     Vol.   IV,   p.   497,   Sept.,   '07. 

(E)  Clock-face  diagrams — Chas.  P. 
Scott.      W-225,   p.    484. 

"Wave  Porm  Analysis — P.  M.  Lin- 
coln. C-4,  W-2  250.  Vol.  V.  p.  386, 
July,    'OS. 

(E>    ST.    M.    Kintner.      W-700,    p.    361. 

Question  Box — 148.    149. 

Squares  and  Cubes — R.  A.  Philip. 
Dimensions  of  materials;  principles 
of  design  and  construction.  W-1200. 
Vol.  VII.  p.  250,  Mar.,  '10. 

Question  Box— 37.  77,  185,  215,  280. 
310.  354,  417,  432,  467,  497,  526.  583, 
5$2,    601. 


GENERATION— Dynamos  &  Motors 


GENERATION 

(AND   ALL    PARTS   OF    ROTATING    MACHINES) 

POWER-PLANTS 

(See  Mechanical    Engineering,  pp    3  and  4) 


Central     Station     Development — W. 

C.  L.  Eglin.  The  Phila.  Electric 
Co.'s  power  house.  1-2,  W-400.  Vol. 
I,  p.   299,   June,  '04. 

Centralization  of  Power  Generation 
— F.  Darlington.  (E.)  W-950.  Vol. 
VII,   p-    74;t,    Oct.,   '10. 

Xlconomics  of  "Water  Power  vs. 
Steam — P.  M.  Lincoln.  (E)  Notes  on 
A.  I.  E.  E.  paper  and  discussion.  W- 
900.     Vol.  VII,  p.  9,  Jan.  '10. 

Double  Deck  Type — Economy  of 
space,  operation  and  cost  obtained. 
T-1,  C-3,  D-1,  1-3,  W-2400.  Vol.  V, 
p.  520,  Sept.,  '08. 

(E)  Power  Plant  Layouts — A.  H. 
Mclntire.      W-575,    p.    488. 

Power  Plant  Economics — Henry  G. 
Stott.  Factors  affecting  present  and 
possible  future  efficiency.  T-2,  W- 
1000.      Vol.    Ill,  p.    106,   Feb.,  '06. 

(E)    Chas.  F.   Scott.     W-900,  p.   64. 

Power  Station  Economy — J.  R.  Bib- 
bins.  Influence  of  prime  mover  char- 
acteristics. C-7,  W-2200.  Vol.  Ill, 
p.    566,   Oct.,    '06. 

Increasing-  Pactory  Power  House 
Efficiency — R.  A.  Smart.  Important 
points  in  design  and  operation  of 
factory  power  plants.  Arrangement 
and  application  of  steam  equipment; 
boilers,  combustion,  draft,  gas  analy- 
sis. Accounting.  Power  costs.  Gen- 
eral efficiency.  T-1,  C-5,  I-IO,  W-5900. 
Vol.   VI.  p.   200,   Apr..  '09. 

(E)    J.   S.    Peck.      W-550,    p.    193. 

Question   Box — 369,   370,   439,    467. 

Causes  of  Accidents  in  Power 
House  Operation — H.  Gilliam  (E). 
W-800.      Vol.   Ill,   p.    242,  May,   '06. 

Reinforced  Concrete  in  Power  House 
•Work — F.  W.  Scheidenhelm.  D-1,  I- 
16,  W-2475.     Vol.  VII,  p.   98,  Feb..   '10. 

Pire  Proof  Enclosures — H.  N.  Mul- 
ler.  Use  of  reinforced  cement.  1-4, 
W-975.       Vol.     VII,     p.     37,     Jan..     '10. 

Installation  of  a  Transmission 
Plant — Trouble  with  rotary  convert- 
er; commutation  and  pumping.  Cop- 
per dampers.  1-4,  W-2300.  Vol.  II, 
p.  3,  Jan.,  '05. 


Power      Plant      Operation — H.      L. 

Beach.  Some  experiences  with  oper- 
ation of  station  having  alternating- 
current  generators,  rotary  converters 
and  motor-generator  set.  W-850.  Vol. 
VI,  p.   5Go,   Si.'iit.,  '09. 

Station  Wiring — H.  W.  Buck.  In- 
stallation of  electric  cables;  arrange- 
ment (jf  eal)les  and  various  voltages. 
1-3,   V'-i:i Vol.    I,   p.   123,   Apr.,  '04. 

Question  Box — 42.   467. 

Dimensions  and  Data  of  Installa- 
tions of  Intertoorough  Kapld  Transit 
Company — H.  G.  Stott.  Tabular. 
8  pages.     Vol.  IV,  p.  473,  Aug.,  '07. 

(E)   W.   K.   Dunlap.      W-200,   p.    422. 

(E)    Chas.   F.   Scott.     W-800,   p.   423. 

Tests  and  Operating  Results  for 
1906,  on  5  500  kw  turbo-generator  of 
Interborough  Rapid  Transit  Co.  T-2, 
C-1.  W-925.     Vol.  IV,  p.  413,  July,  '07. 

Squtliern  Power  Company's  System 
— L.  A.  Magraw.  History;  description 
of  generating  stations;  sub-stations; 
lavout  of  station  circtiits  and  method 
of  operation.  T-4,  C-1,  D-6,  1-30,  W- 
6300.    Vol.  VIII.  p.  325.  Apr.,  '11. 

(E)  J.  W.  Eraser.  Electrical  Pos- 
sibilities of  the  South.    W-1150,  p.  306. 

Great  Palls  Power  Plant  of  tlie 
Southern  Power  Co. — L.  T.  Peck.  1-8, 
W-4100.      Vol.   IV,  p.  666,  Dec,  '07. 

Northern  California  Power  Co. — G. 
W.  Appier.  Troubles;  dirt  in  pen- 
stock; li'lepiiiino  line  on  power  line 
poles.  D-2,  W-1000.  Vol.  II,  p.  B76, 
Sept.   '05. 

Cos  Cob  Power  Plant  of  th.o  It.  T., 
N.  H.  &  H.  R.  R.— E.  H.  Coster.  1-4, 
W-6  800.      Vol.   V.   p.    5,   Jan.,   '0§. 

An  Italian  Power  Plant — S.  Q. 
Hayes.  Interesting  points  of  design 
and  operation.  1-17,  "W-3700.  Vol. 
VI.   p.   69.  Feb..  '09. 

Installing  Apparatus  at  Sbawlnlgan 
Palls — Chas.  F.  Gray.  1-5,  W-1000. 
Vol.  IV,  p.  357.     June,  '07. 

Operation:  Distribution  —  H.  Q. 
Stott.  Interborough  Rapid  Transit 
Co.  of  New  York.  1-2,  W-1500.  Vol. 
IL    p.    278,    May,   '05. 


DYNAHOS  AND   MOTORS 


General 

Generating  Apparatus  and  Rotary 
Converters — F.  D.  Newbury  (E). 
Analysis  of  design  of  specific  types. 
W-425.   p.   45.      Vol.  VIII,   Jan.,  '11. 

Rating  Apparatus  by  Performance 
Curves — Chas.  F,  Scott  (E).  Advan- 
tage.s  of  tliis  :\rethod.  W-S25.  Vol. 
VIII.  p.  592,  July.  '11. 

Tesla  Motor  and  the  Polyphase 
System— Chas.  F.  Scott  (E).  W-600. 
Vol.   I,   p.  558.  Oct.,  '04. 

Turbo-Generators  vs  Engine  Type 
— Albert  Kingsbury.  Comparative 
data  regarding  size  and  safety.  W- 
650.      Vol.  IV,   p.   54.   Jan.,  '07. 

Dynamo  and  Motor  Pulleys — T.  D. 
Lynch.  Standard  designs.  I-IO,  W- 
1150.      Vol.   Ill,  p.    593,   Oct.,   '06. 

Performance  of  Motors  ITnder  Ab- 
normal Conditions  (E) — Chas.  F. 
Scott.   W-900.   Vol.  Ill,  p.  424,  Aug.,  '06. 


Method  of  Drying  Out  Quickly — S. 

L.  Sinclair  and  B.  D.  Tyree.  Apply- 
ing external  heat  and  drying  Inter- 
nally by  short-circuit  run.  W-350. 
Vol.   IV,  p.  58,   Jan.,  '07. 

Motor-Generator  Sets,  3  000  KW 
Maximum   Continuous    Rating — David 

Hall.      Example     of    advance     in    eco- 
nomic design.     Results  of  tests.     C-1, 
1-3,  W-1350.      Vol.  VII,  p.  207.  Mar.,  '10. 
(E)   B.  A.  Behrend.     W-350,  p.  186. 

"Idle  Currents"  Within  Generator 
Conductors — J.  S.  Peck.  W-800.  Vol. 
Ill,  p.  581,  Oct.,  '06.  (See  also  IV, 
p.  382,  July,  '07,  and  VII,  p.  710,  Sept., 
'10.) 

Effect  of  Faulty  Controller  Connec- 
tion   on     Reversal    of    Motor — N.    E. 

Funk.  A  trouble  job.  I-l,  W-300. 
Vol.  VII,  p.  80,  Jan.,  '10. 


lO 


Dynamos  &  Motors — General  Tests. 


Defective   niag-netlc    Circuit — R.    H. 

Fenkhausen.  Brass  distance  pieces 
In  yoke  of  generator  and  their  effect. 
W-250.     Vol.  VI,  p.   249,  Apr..  '09. 

Question    Box — 33,     203,     211,     254, 
255,  386,  424,  4S6,  512,  531,  604,  671. 
OENERAI.    TESTS 

Commercial  Tests — R.  E.  Work- 
man. Description  of  method  and 
equipment.  D-6,  I-l,  W-3200.  Vol. 
I,   p.    542,   Oct..   '04. 

Factory  Testing'  of  Electrical 
vuiaoliinery — ^B.  R.  Cross  and  R.  E. 
Workman.  Conditions  affecting  ac- 
curacy of  measuring  instruments; 
precautions.  T-2,  D-1,  I-l,  W-4000. 
Vol.   I,   p.    27,   Feb.,   "04. 

Temperature  Test — R.  E.  Work- 
man. Gives  A.  I.  E.  E.  method  and 
corrections  for  same.  C-1,  W-1600. 
Vol.   I,  p.    478,   Sept.,   '04. 

Testing  voltage — C.  E.  Skinner. 
Five  methods  for  measuring  the 
testing  voltage.  W-800.  Vol.  II. 
p.  612,  Oct..  '05.  Three  methods  of 
varying  the  testing  voltage.  D-8, 
W-1200.  Vol.  II,  p.  544,  Sept.,  '05. 
Railway  Motors,  Tests — R.  E. 
Workman.  D-1,  W-800.  Vol.  I,  p. 
551,  Oct.,  '04. 

Motors,  Regulation  Test — R.  E. 
Workiiian.  D-3.  I-l,  W-ISOO.  Vol.  I, 
p.    360.   July,   '04. 

Motor-Generator  Testing — C.  J. 
Fay.  T-1,  D-1,  W-800.  Vol.  Ill,  p. 
475,    Aug.,   '06. 

Short-circuits,  Testing  Colls  for 
— M.  H.  Bickelhaupt.  D-1,  1-2,  W- 
200.     Vol.  I,  p.   116,  Mch.,  '04. 

Regulation  of  Generators — R.  E. 
Workman.  Description  of  test  on 
resistance  load.  D-5,  W-ISOO.  Vol. 
I,  p.   240,   May,  '04.  ^  ^     ^  . 

Loading  back  test.  T-1,  C-1,  D-4, 
I-l,  W-2200.  Vol.  I,  p.  289,  June, 
•04. 

Polarity  of  Pleld  Coils,  Method 
of  Testing — R.  10.  Workman.  W- 
400.     Vol.   I,   p.   54:;,   Oct.,   '04. 

Field  Porm  from  Measurement 
of  E.  M.  P.  Between  Commutator 
Bars — R.  E.  Workman.  C-1.  I-l, 
W-GOO.     Vol.   I,   p.   48S,  Sept.,  '04. 

Temperature  Rises  "With  a  Slid* 
Rule — Miles      Walker.      Layout     of 
scale:    example;    explanation.      T-1, 
D-2,  W-400.      Vol.  II,  p.  694,  Nov.,  '05. 
Question  Box — 102. 
Short-circuit  Test  "Without  Instru- 
ments— Leonard      AVork.        An      emer- 
gency     incident.     I-l,      W-525.        Vol. 
VII,    p.    79,   Jan..   '10. 

Question  Box — 591,  650. 
ARMATURE. 

Winding  of  Dynamo-Electric  Ma- 
chines. ^, 
Introductory — R.  A.  Smart.  Classi- 
fication of  windings,  principle  forms 
of  coils  employed.  Slots.  Throw. 
T-1,  D-4,  1-25,  W-1700.  Vol.  VII,  p. 
451,  June,  '10.                                  .     , 

(E)    Winding   as   a   mechanical    op- 
eration.     W-550,  p.   428. 
Small   Direct  Current   Machines. 

Threaded  -  in  -  From-the-Reel  Type. 
Tools  and  materials.  T-1.  D-3,  1-9, 
W-2100.     Vol.  VII,  p.  460,  June,  '10. 

Threaded  in  Type.  For  sizes  be- 
tween one  and  three-quarters  and  five 
horse-power.  D-2,  1-7,  W-1700.  Vol. 
VII,  p.  547,  July,  '10. 


Open      Slot      Winding.     For      sizes 
above    five    horse-power.      Coils    insu- 
lated  before   inserting.     I-IO,  W-1675. 
Vol.    VII,   p.   533,   July,  '10. 
Small   Induction   Motors. 

Skein  Wound  Type.  For  smaller 
sized  machines.  Single-phase  and 
polyphase.  Winding  of  stator  and 
rotor.  Self-starting  single-phase  con- 
nections. D-5,  1-9,  W-1800.  Vol.  VII, 
p.   643,   Aug.,   '10. 

Basket  and  Diamond  Types.  For 
larger  sized -machines.  D-3,  1-13,  W- 
4350.     VoL   VII,   p.    693,,  Sept.,   '10. 

Induction  Motor  Secondaries. "Squir- 
rel cage  type.  Phase  wound  type.  D- 
1,  1-2,  W-1175.  Vol.  VII,  p.  706,  Sept., 
'10. 

Direct-Current  Railway  Type  Mo- 
tors. D-5,  1-17,  W-4600.  Vol.  VII, 
p.   816,  Oct.,  '10. 

Large  Direct-Current  Machines — 
Operating  conditions.  Assembly  of 
core.  Strap  coils;  methods  of  insu- 
lating. Winding  the  armature. 
Cross-connections.  Banding.  Bal- 
ancing. Rotary  converters.  Three- 
wire  -g^enerators.  I-ll,  W-4075.  Vol. 
VII,  p.  895.  Nov.,  '10. 

Winding  Large  Alternating-Cur- 
rent Machines.  Types  of  windings 
for  alternators;  induction  and  syn- 
chronous motors.  D-2,  1-9,  W-4U50. 
Vol.  VII,  p.  970.  Dec.  '10. 

Detrmining  the  Form  of  a  Dia- 
mond  Coil — G.     E.     Miller.     D-4.     W- 

2125.  Vol.  VIII,  p.   94,   Jan.,  '11. 
Insulating  Materials — See  Materials 

— Insulating. 

Alternating-Current  Turbo  Genera- 
tors— Insulation;  bracing;  testing. 
T-1,  1-7,  W-1975.  Vol.  VIII,  p.  291, 
Mar.,  '11. 

Connections  of  Alternating-Current 
Machines — M.  W.  Bartmmess.  Group 
windings;  full  and  frattional  pitch 
windings;    wave   windings.     D-13,    W- 

2126.  Vol.   Vin,   p.   468,   May,   '11. 
Checking    of    Connection    Diagrams 

on     Three-Phase      Machin    es — H.     C. 
Specht.     D-6,    W-1000.     Vol.    VIII.    p. 

571,  June,  '11. 

Connections  for  Direct-Current 
Windings — H.  C.  Walter.  Method  of 
laying  out  lap  and  wave  windings. 
D-7.  W-1375.  Vol.  VIII,  p.  646,  July 
'11. 

Portable  Insulation  Testing  Outfit 
— C.  S.  Lawson.  Transformer  for 
500  to  30000  volts;  controller,  spark- 
500  to  30,000  volt,  controller,  spark- 
gap,  etc.  D-2  I-l,  W-1175.  Vol. 
VIII,  p.   721,  Aug.,  '11. 

Question    Box — 520,    522,    53^,    567, 

572,  573,    597,    628,    656,    662,    663,    664, 
666. 

Winding  of  Direct-Current  Arma- 
tures— A.  C.  Jordan.  A  detailed  de- 
scription and  precise  directions.  D-6, 
1-7,  W-2800.      Vol.  II,  p.  738,  Dec.  '05. 

Comparison  of  lOlB  armature  and 
3SB.  Type  S.  General  considerations. 
1-6,  D-5,  W-2700.  Vol.  IIL  p.  45. 
Jan.,   '06. 

Winding  Armatures  for  Constant 
Potential  "D.C."  Machinery — 
Types  of  winding;  ring  and  drum 
types;  forms  of  drum  winding; 
throw  of  the  coils.  D-17.  1-7,  W- 
3000.     Vol.  II.  p.   69,  Feb..  '05. 

Question  Box— 14.  64.  100.  101, 
197,   211.   216,   250. 


Dynamos  &  Motors — Armature — Direct   Current 


Armature  Windlngrs — F.  D.  New- 
bury. Open  -  type,  single-phase 
windings.  Diagrams.  D-7,  W-1800. 
Vol.  II,  p.  341.  June,  '05. 

Two  and  three-phase  open-type. 
Explanation.  Diagrams.  D-8,  1-4, 
W-1600.      Vol.   II,   p.   418,  July,  '05. 

Armatures:  Tests  for  Short-Cir- 
cuits — M.  H.  Eickelhaupt.  I-l,  W- 
250.      Vol.   I,  p.   115,  :vlar..   '04. 

Short-circuit  Test:  Armature — 
H.  Gilliam.  Device  to  locate  short- 
circuits  between  coils  without  dis- 
connecting the  leads.  See  (E)  p. 
B85,  D-1,  W-300.  Vol.  II,  p.  579, 
Sept.,  '05. 

Armature  leads,  Breaking  of,  in 
Small  Motors,  c'ausi's  nf  breaking. 
W-300.      Vol.   I,    p.    685,  Dec,   '04. 

Pressingr  on  Armatures  on  the 
Boad— S.  L.  Sinclair.  D-1,  W-700. 
Vol.   Ill,  p.  710,  Dec,  '06. 

Soldering  Bar  Windings.  W-800. 
Vol.    II,   p.    691,   Nov.,  '05. 

Wedging  of  Railway  Motor 
Armatures — F.  C.  Vehslage.  Road 
e.xperience.  W-300.  Vol.  Ill,  p. 
240,   Apr.,   '06. 

Apparent  Grounding  of  Arma- 
tures— S.  M.  Kintner.  Capacity  ef- 
fect. D-2,  W-850.  Vol.  Ill,  p.  176, 
Mar.,    '06. 

BEARINGS   ATSn>   FARTS 

Iiubrication    of    Railway    Motors 

—J.       i:.       Webster.      1-2,       W-1100. 
Vol.    I,  p.   3TS,   Aug..   '04. 

Railway   Motor  Bearings — W.    H. 
Rumpp.       Trouble    caused    by     poor 
babbitt    and    improper    lubrication. 
W-600.     Vol.   II,   p.   243.    Apr.,   '05. 
Question  Box — 19S,  GuT. 

COMIVIUTATOR 

Problems  in  Commutation — Miles 
Walker.  Mechanical.  Chattering. 
Commutation  illustrated  by  model. 
Potential  drop.  Armature  reaction. 
Sources  of  trouble  classified.  T-1, 
C-3,  1-9,  W-4000.  Vol.  IV,  p.  276, 
May,   '07. 

(E)    J.   N.   Dodd.      W-R75.    p.    2  43. 

Mechanical  Aids  to  Commutation 
— J.  N.  Dodd.  Commutation  curves. 
Use  as  resistance  in  brushes  and 
leads.  Effect  of  self-induction. 
Use  of  auxiliary  colls.  1-21,  W- 
6500.  Vol.  Ill,  p.  306,  June,  '06. 
Question  Box — 5ti4. 

Commutators  and  Commutator 
Building.  Requirements  of  (1) 
Bars;  (2)  Strips;  (3)  V-rings;  (4i 
Bush  and  nut.  W-1600.  Vol.  Ill, 
p.    119,  Feb.,    '06. 

Commutators,  Repairing  Pitted. 
W-150.      Vol.    I,   p.   6<^5.   Dec,   '04. 

Construction:  Iiarge  Commuta- 
tors. Form  of  bar;  mica  insula- 
tion: method  of  building.  Baking, 
machining  and  mounting.  1-2,  W- 
1000.     Vol.  I,  p.   303,   June,  '04. 

Construction :  Small  Commuta- 
tors— ^M.  H.  Bick.-lhauDt.  1-3,  W- 
600.      ^-ol.   I.   p.   113.  Mar.,  '04. 

Rebuilding  Commutators — H.  V. 
Rugg.  W-275.  Vol.  IV,  p.  17,  Mar., 
'07. 


Insulation,   Waterglass   —  M.  H. 

Bickelhaupt.      Method    of    repairing 

short-circuits    between    commutator 

bars.     W-150.      Vol.    I,    p.    50,    Feb., 

'04. 

Oil,  Trouble  Caused  by — Action  of 
oil  in  causing  short-circuits  in  com- 
mutators. W-400.  Vol.  II,  p.  55, 
Jan.,  '05. 

Oil  on  Communtator  —  Leonard 
Work.  Experience  in  which  final 
remedy  lav  in  heating  brushes  to 
drive  out  oil.  ^V-325.  Vol.  VI,  p.  122. 
Feb.,  '09. 

Types   of   Carbon  Brush   Holders 

— C.      B.      Mil;.-.      1-2,     W-SOO.      Vol. 

IV,   p.    4S,   Jan..   '07. 

Question  Box — 118. 

Question  Box— 32.   75.  121,  153,  195, 
336,    347.    34S,    356,    390,    455,    476,    480, 
559,    5GS,    592.   603.   631. 
FIBI.I>   WIKBIirG 

Pield  Coils — J.  L.  Smith.  Construc- 
tion to  .stand  mechanical  and  electrical 
stresses  due  to  vibration  and  other 
causes;  testing.  I-l.  W-2000.  Vol. 
VIII.   p.   394,  Apr.,  '11. 

Pield  Coils,  Indestrtictible,  for  Rail- 
way   Motors.      I-:;,    \\'-S00.      Vol.    I,    p. 

is^;.  .s-i'pt.,  'oi. 

Intermittent  Open-Circuit — William 
Nesbit.  Trouble  in  field  coil.  W-325. 
Vol.   V,  p.    540,    Sept.,  '08. 

A  Reversed  Pield  CoU — R.  H.  Fenk- 
hausen.  An  experience  in  which 
compass  test  for  polarity  failed.  W- 
225.     Vol.  VI.  p.   250,  Apr.,  '09. 

Question  Box— 24,   49,    72,    115,    170. 
PRAMB,        BASB.        TIET.T>        CORB, 
STAITDARDS,    CAPS 

Prames,  Structural  Steel  Alter- 
nator. European  designs  and  rea- 
.son.s  fur  their  use.  W-l'uO.  Vol.  I, 
p.    4NN.   Sept..  '04. 

Hubs  of  Iiarge  Rotating  Flelda. 
A  method  of  construction  prevent- 
ing cooling  strains  in  the  casting. 
W-IOP.  Vol.  I,  p.  248.  May,  '04. 
Question  Box — S7,  653. 
POU17DATIONS,  BBDPI.ATBS  AND 
APPURTBNANCBS 

Foundations  of  Generators — M. 
H.  Bickelhaupt.  Improper  support 
of  bedplate  causing  same  to  sag 
and  to  take  up  space  allowed  for 
end  play.  W-150.  Vol.  I,  p.  181, 
Apr.,  '04. 

Direct  Current 

Characteristics     of     Birect-Cnrrent 

Generators — H.  "W.  Peck  C-1.  D-1,  W- 
1000.      \^ol.  II.  p.   37,  Jan..  '05. 

Question  Box — 15,  29,  51,  9S,  335, 
660.   667. 

Operating  Characteristics  of  Com- 
niutatinar  Pole  Machines — J.  "M.  Hip- 
pie. D-5,  W-G275.  Vol.  VIII,  p.  1066, 
Dec,  '11. 

Turbo  -  Generators  —  European 
Practice — J.  S.  S.  Cooper.  Features 
of  design.  D-2,  1-15,  W-3  250.  Vol. 
V,   p.    426,   Aug..   '08. 

CE)   W^  A.   Dick.     W-400,  p.   421. 

Difficulty  of  Paralleling  Generators 
Due  to  Unequal  Air  Gaps — Leonard 
"U'ork.  A  trouble  experience.  W- 
925.     Vol.  VIII,  p.   1033,  Nov.,   '11. 
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Question  Box — 611,  621. 
Xiquallzer     ttingu — M.      H.     Bickel- 
haupt.      D-3,    W-800.       Vol.     I,    p.     48, 
Feb.   '04. 

some  Troubles  with  Direct-  Cur- 
rent Machines  —  Andrew  McTlghe. 
W-950.     Vol.   Ill,  p.   358,  June,  '06. 

W.  H.  Eager.  W-1000.  Vol.  IV,  p. 
298,   May,   '07. 

A  raulty  Connection — J.  E.  Latta. 
Effect  of  connecting  shunt  field  and 
starting  box  in  parallel.  D-2,  W-400. 
Vol.  IV.  p.  52,  Jan..  '07. 

Difficulty  with  Motor-aenerator  Set 
Due  to  Wrong'  Exciter  Connections — 
E.  T.  Sill.  A  trouljle  exiH-iicnce.  D- 
1,  W-575.  Vol.  VIII,  p.  731,  Aug.,  '11. 
Reversal  of  Exciter  Field— C.  W. 
Kinney.  Dry  batteries  used  to  make 
the  machine  pick  up  in  right  direc- 
tion. D-1,  W-300.  Vol.  V.  p.  116, 
Feb.,  '08. 

Question  Box— 16,  22,  54,  139,  161, 
169,  354,  379,  386,  4S6,  512,  536,  565, 
566,  639,  647. 

Honiopolar  Generators  —  Question 
Box— 379,   593. 
SHUNT   AND    COMPOUND 

Three-Wire  Direct-Current  Gen- 
erators— A.  H.  Mclntire.  Main 
features  and  application.  D-5,  I-l, 
W-1200.  Vol.  Ill,  p.  290,  May,  '06. 
Remedying'  Trouble  with  Three- 
wire  Generator  Balance  Coils — K. 
E.  Sommer.  W-300.  Vol.  Ill,  p. 
600,  Oct.,   '06. 

Trouble  on  Three-Wire  System — 
Shunt  motor  on  one  side  of  line  and 
small  lighting  load  on  the  other. 
Blowing  of  fuse  caused  mysterious 
operation.  D-1.  W-750.  Vol.  VI,  p. 
B5.    Jan.,   '09. 

Question  Box — 31,   40,   459. 

Fumplngr  of  Two  Direct-Current 
Generators — B.  C.  Shipman.  Cause 
of  trouble  and  remedy.  W-600. 
Vol.   II,   p.   354,  June,   '05. 

Brake  Test  of  a  Direct-Current 
Motor — R.  E.  "Workman.  C-2,  D-2, 
1-3,  W-2000.  Vol.  I,  p.  419,  Aug.,  '04. 
Efficiency  Test  of  "D.C."  Motors 
— R.  E.  Workman.  (1)  From  loss- 
es. (2)  From  brake  test.  W-1000. 
Vol.    1,    p.    423,   Aug..    '04. 

Tests:  Iron  and  Friction  Losses, 
Saturation— R.  E.  Workman.  C-3, 
D-4.  I-l.  W-1600.  Vol.  I,  p.  169. 
Apr..  '04.  ^     „ 

Auxiliary   Pole   Motors   —   J.    M. 
Hippie.      Effect    of    auxiliary    field. 
C-2.    I-l.   W-1500.      Vol.    III.   p.   27B. 
May,   '06. 
Question  Box — 13,    ICS,   171. 

Osclllog-rams  of  Wave  Forms   of 

Auxlllary-Pole     Dynamos  —  J.     N. 

Dodd.      C-10.    W-1000.      Vol.    Ill,    p. 

531.   Sept.,  '06.  ^,     „  „ 

Experimental     Testing     of     "D.C" 

Machinery — E.    R.    Cross    and    R.    E. 

workman       C-1,      D-4,      I-l,      W-3600. 

Vol.  I,   p.  95,  Mar.,/04.    ^      ,      _ 

Parallel  Operation — C.  I.  Young. 
Method  of  calculating  proper  adjust- 
ments. C-2,  D-2,  W-4125.  Vol.  VIII, 
p.  9  7  4,  Nov.,  "11. 

Parallel  Operation  of  Generators 
and  Motors — H.  L.  Beach.  Calcula- 
tion and  methods  of  adjustment  of 
resistances  of  series  fields.  D-3,  W- 
2100.     Vol.  VI,  p.  681.  Nov..  '09. 

(E)  William  Cooper.  Some  early 
railway  experiences.     W-1000.    P.  646. 


Paralleling  Two   Generators — H.   L. 

Beach.  An  experience  illustrating 
necessity  of  properly  adjusting  series 
field  resistances.  W-400.  Vol.  VI,  p. 
565,  Sept.,  '09. 

Paralleling'  Generators — ^An  experi- 
ence in  an  isolated  plant.  Inferior 
switchboard.  Polarity  of  one  machine 
reversed  by  wrong  connection  to  an 
external  circuit.  W-575.  Vol.  VI,  p. 
376,   June,    '09. 

Question  Box — 93,  139,  352,  424,  594. 
Series     Shunt    Adjustmen't — -W.     G. 
McConnon.      W-550.      Vol.    Ill,   p.    418. 
July.   '06. 

Question   Box — 171,     273,     274,     318, 
423,   432,    499,    505. 
SERIES 

Railway  Motor  Construction — J.  B. 
Webster.  Mechanical  construction 
and  design.  I-S.  W-4700.  Vol.  Ill, 
p.   67,  Feb.,   "06. 

Building-  of  Railway  Motors — C.  B. 
Aiiel.  Methods  employed  at  works  of 
Wcstiimli.ins.'  l-:iei\  ^^t  Mfg.  Co.  1-20. 
W-li'7."..      \"<.l.    Vni,   p.    870.   Oct..  '11. 

Capacity  and  Rating  of  Railway 
Motors— N.  W.  Storer.  C-3,  W-4  700. 
Vol.  V,   p.  393,   July.  '08. 

Gear  Ratios — N.  TV.  Storer.  Rela- 
tion to  design  and  operation  of  mo- 
tors, shown  bv  curves  and  table.  T-1. 
C-9,  W-2125.  Vol.  V,  p.  510.  Sept.. '08. 
Interpole  Railway  Motors — J.  L. 
Davis.  Application  of  interpole 
princii)los  to  generators  and  motors. 
Applications  tu  railway  motors;  rec- 
ord in  service.  r-2.  E-7.  1-2,  W^-4600. 
Vol.   VII,   11.   7.12.  Oct.,  '10. 

Testing  Railway  Car  and  Iioco- 
motive  Eciulpments — H.  L.  Beach. 
Description  of  "fly-wheel  test'" 
D-1,  C-1,  1-4.  W-2400.  Vol.  Ill,  p. 
702,  Dec,   '06. 

(E)  William  Cooper.  W-650,  p. 
6fil. 

Testing      Railway      Motors      (E) 
William       Cooper.        The       "typical 
run."       W-800.       Vol.    Ill,      p.      481, 
Sept..    '06. 
Question  Box— 138.  144.  349. 

Speed  Curves  of  Series  Motors — 
R.  E.  Workman.  C-1,  W-800.  Vol. 
I,   p.   475,  Sept.,   '04. 

Loading  Back  Testing  of  large 
Railway  Motors— C.  J.  Fay.  D-3. 
W-1100.  Vol.  III.  p.  525,  Sept.,  '06. 
■Use  of  Inter-Poles  on  Railway 
Motors — ClareiKe  Rensliaw.  D-5, 
W-12IMI.  Vol.  IV,  n.  43  1.  Aug.,  '07. 
Bucking  of  a  Railway  Motor — 
M.  H.  Bickelhaupt.  Caused  by  film 
of  moisture  on  commutator.  W- 
150.      Vol.   I,  p.   181,   Apr..   '04. 

Motors    for    Railway    Work.      Se- 
ries vs.   Shunt — F.  E.   Wynne.    D-5. 
W-1200.      Vol.   III.  p.    14,  Jan..   '06. 
Question  Box — 253,    510,   511,    590. 

Alternating  Current 

(For  Power-Factor  see  p.  19) 

Grounded  Neutrals  In  a  High  Ten- 
sion Plant — C.  W.  Ricker.  Experi- 
ence of  the  Interborough  Rapid 
Transit  Co.  D-2,  1-3,  W-3200.  Vol. 
III.  p.   507,   Sept..   '06. 

Grounded  Neutrals  -with  Series  B»- 
sistances.  Percy  H.  Thomas.  Dis- 
cussion. (E.)  W-1100.  Vol.  III.  p. 
484.   Sept..  '06. 
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Tie  Grounded  Neutral — Chas.  F. 
Scott  (E).  Comments  on  the  discus- 
sion of  the  A.  I.  E.  E.  W-1000.  Vol. 
IV.   p.   662,   Dec.  '07. 

Neutral  Currents  In  Stax-Connetited 
Generators — George  I.  Rhodes.  Ex- 
perience and  results  at  Interborougii 
Rapid  Transit  Co.  with  oscillograms. 
C-10,  W-1500.  Vol.  IV,  p.  382.  July, 
•07.      (See  also   III,   p.    581,   Oct.,   '06.) 

(E)    Chas.   F.   Scott.      W-900,  p.   301. 

Choice  of  Frequency — Chas.  P. 
Scott  (E).  Twenty-five  or  fifteen 
cycles.    W-700.    Vol.  IV,  p.  124,  Mar., '07. 

Synclirouous  Motors  for  Improving 
Power-Factor— "Wm.  Nesbit.  Method 
of  estimating  size  of  motor  required 
and  examples.  D-3,  C-4,  W-2400. 
Vol.  IV,  p.  425,  Aug.,  '07. 

(E)   F.  D.  Newbury.     W-550,  p.  421. 

Grapblc  Calculator — Chas.  I.  Young. 
Method  of  finding  improvement  in 
power-factor  obtainable  by  use  of 
synchronous  motors.  1-3,  W-1550. 
Vol.   IV,  p.   627,  Nov.,  '07. 

(E)  William  Nesbit.     W-400,  p.  604. 

(EJ    J.   S.   Peck.      p.   193. 

Question  Box— 76,  353,  3G6,  410, 
425,    42n,    470. 

Niagara  Power  at  tlie  laackawanna 
Steel  Company — John  C.  Parker. 
Power-factor  improvement  by  syn- 
chronous motors,  description  of  plant 
and  method  of  operatior..  D-2,  1-2, 
W-3425.      Vol.  IV,  p.   32,  Jan.,   '07. 

(E)   P.  M.   Lincoln.      W-500,   p.   2. 

(E)  Transformers — K.  C.  Randall. 
W-300,   p.   3. 

Dampers,  Copper  In  Alternating- 
Current  Machines.  Different  forms 
of  dampers;  reasons  for  their  use. 
"W-200.     Vol.  I,  p  368,  July,  '04. 

Dampers  for  Synchronous  Ma- 
chines— E.    L.    TVilder.      Pumping  and 

corrective  currents.  D-G,  1-2,  W-SOO. 
Vol.   II,   p.   20,  Jan.,  '05. 

Troubles  with  Alternators — W.  F. 
Lamme.  W-1350.  Vol.  Ill,  p.  56, 
Jan.,   '06. 

Experimental  Test — R.  E.  Work- 
man. Copper  less  computation.  Iron 
and  friction  losses;  saturation  tests. 
Generator  short-circuit  tests;  com- 
pensating winding.  Regulation  and 
efficiency.  C-1,  D-7.  W-2500.  Vol.  I, 
p.   611.  Nov..  '04. 

Question  Box — 497. 

AXTBRNATOSS 

The      Construction,     Performance 
and    Operation    of    Alternators — P. 

M.  Lincoln.  Notes  on  various  de- 
tails. T-1,  C-1,  D-7,  1-14,  W-9400. 
Vol.  Ill,  p.  545-631-668,  Oct.,  Nov., 
Dec.  '06. 

Question  Box— 41.  65.  142.  203,  224, 
331,  362,  428,  see  p.  498,  June,  '10, 
431,  463,  481,  490,  493,  504,  507,  513, 
55S.  562.  563,  595.   633,  686. 

Design,  Advantages  of  Jtiheral — B. 
G.  Lamme.  Exemplified  by  alterna- 
tors designed  for  Rapid  Transit  Co. 
of  New  York.  1-3,  W-1000.  Vol.  II, 
p.    284.   May.   '05. 

Comparative  Capacities  —  B.  G. 
Lamme.  Relative  polyphase  and  sin- 
gle-phase capacities  from  given 
winding.  T-1,  D-2S,  W"-SOOO.  Vol. 
VIIL  p.  672,  Aug.,  '11. 

(E)  A.  H.  Mclntire.     W-725,  p.  667. 


Rational  Selection  of   Generators — 

P.  D.  Newbury.  Proper  adjustment 
of  apparatus  to  conditions.  Effect  of 
power-factor.  (See  E,  p.  193,  Apr., 
'09).  Characteristic  curves;  basis 
for  selection  of  machines  for  given 
service.  Determination  of  character 
of  load.  Method  of  rating  genera- 
tors. T-2,  C-2,  D-2,  W-4700.  Vol.  VI, 
p.    583,    Oct.,   '09. 

Turbo-Generator  —  New  Designs 

— B.  G.  Lamme  (E).  Develop- 
ment of  large  liigh  speed  types  in 
connection  with  the  double  flow 
turbine.  W-725.  Vol.  V,  p.  549. 
Oct.,  '08.  (See  article  by  Mr.  R. 
N.   Ehrhart.   p.    574.) 

Construction:  5000  kw  Bngin*- 
Driven  Alternators — R.  L.  Wilson. 
Fly  -  wheel  capacity.  Armature 
windings.  W-600.  Vol.  II,  p.  287, 
May,  '05. 

Circulating  Currents  in  Thre»- 
Phase  Generators — A.  G.  Grler. 
Analysis  of  the  current  waves  by 
use  of  oscillograms.  T-1,  C-15,  D- 
6,    W-14U0.   Vol.   IV,   p.    189,  Apr., '07. 

Circulating  Currents  Between  Al- 
ternators  Cause   of  Phantom   Iioad — 

Ijconard  Work.  A  trouble  experience. 
W-1150.      Vol.    VIII,    p.    652,   July,   '11. 

Diagrams:  Regulation  of  Alter- 
nators— V.  Karapetoff.  Explana- 
tion of  vector  diagram;  conditions 
affecting  power  factor.  Two  ways 
of  determining  vector  drop.  Exam- 
ples. D-5,  W-3200.  Vol.  I,  p.  532, 
Oct.,  '04. 

Regulation    Test    of    Alternators 

— R.  E.  Workman.  Loaded  on  re- 
sistance; connections;  conduct  of 
test  C-1,  D-5,  W-1500.  Vol.  I,  p. 
671,   Dec,    '04. 

Regulation:  Open-Circuit  Satura- 
tion and   Short-circuit  Test — R.   E. 

Workman.  C-1,  W-700.  Vol.  II,  p. 
53,   Jan.,    '05. 

Question  Box— 212,  260,  264,  265, 
425,   490. 

Testing     of     Alternators — R.     E. 

Workman.  Efficiency,  temperature, 
polarltv.  iron  loss,  friction,  wind- 
age and  saturation.  D-1,  I-l,  W- 
1200.      Vol.    II,    ],.    Ill,    Feb.,   '05. 

Test  of  High  Voltage  Generator  at 
Constant  Power  -  Factor  —  Gordon 
Kribs.  Use  of  water  rheostat,  large 
motor  and  small  motors  running 
light.  W-250.  Vol.  VI,  p.  53,  Jan., 
•09. 

Air  -  Gap  of  Turtoo  -  Generators. 
Reasons  for  the  use  of  large  air-gap. 
^^--400.      Vol.  I,   p.  301,  June,   '04. 

Question  Box — S2. 

Intermittent  Open-Circuit — An  ex- 
perience with  two-phase,  composite- 
wound,  interconnected  alternators  op- 
erating in  parallel.  W-775.  Vol.  VI, 
p.    182,    Mar.,   'C9. 

Question  Box — SO,   202.   416. 

Unbalancing  of  "Voltages  Due  to 
TTnequal  Air-Gap — G.  W.  Canney. 
W-500.     Vol.  V,   p.   668,   Nov.,  '08. 

Question  Box — 82. 
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Balancingr     Turbo    EnabeUs.     I-l, 

W-200.      A'ol.    I,    p.    623,   Nov.,   '04. 

AllgTiing  Large  Turbo-Alternator 

— E.    L,.    Doty.      W-475.      Vol.    V,    p. 
666.    Nov.,   '08. 

Pield    Construction.      A   brief    de- 
scription   of    the    revolving   part    of 
turbo-generators.      1-3,   W-300.    Vol. 
I.   p.    622,   Nov.,  '04. 
Question  Box — g:i5. 

Artificial  Iioading'  of  Iiargfe  Hig'h 
Voltagre  Generators — N.  J.  Wilson. 
T-1,  1-4.  W-2000.  Vol.  IV,  p.  611, 
Nov.,  -07. 

Water  Rlieostat  for  Testingf 
J  200  Volt  Alternator— W.  L.  Du- 
rand.  D-1,  W-400.  Vol.  V,  p.  667, 
Nov.,    '08. 

Test  at  80  Percent  Power  Fac- 
tor— T.  Frazer.  1  250  k.v.a.  ca- 
pacity. Load  obtained  by  combi- 
nation of  water  rheostat  and  syn- 
chronous alternator.  D-1,  W-500. 
Vol.  V,   p.    51,   Jan.,   '08. 

Parallel  Operation  of  Turbo-Gen- 
•ratorg.  Operation  under  dead 
short-circuit;  in  parallel  with  re- 
ciprocating en^rincs.  I-l,  W-SOO. 
Vol.  II,  p.  67,  Fel^.,  '0.5. 
Question  Box — 201,   429,  487. 

Cross  Currents — R.  F.  Howard. 
■Result  of  wrong  connections  to 
synchronizing  switches.  W-225. 
Vol.  V,  p.  473,  Aug.,  '08. 
Causes  of  Huntingf  in  Synchronous 
Macbinery — B.  G.  Larnme.  W-102.5. 
Vol.  VIII,  p.  555,  June,  '11. 

Synchronizing^  of  Alternating-Cur- 
rent Machlnea.  An  elementary  expo- 
sition of  principles  and  methods.  D- 
4,  I-l,  W-1500.  Vol.  I,  p.  679,  Dec,  '04. 
Question  Box— 279,  376,  443,  479, 
530. 

Synchronizing  —  R.     F.     Howard. 
Simple   emergency    method.     W-300. 
Vol.   V.   p.    473.    Aug.,   '08. 
Synchronizing  Devices  —   See   Syn- 
chrosropeg.      p.   2  2. 

J£igh-Tenslon  "Water  Rheostat 
for  Testing— N.  C.  Clin.  Descrip- 
tion of  improvised  testing  outfit 
for  6  600  volt  machine.  I-l,  W- 
750.  Vol.  V,  p.  235,  Apr..  '08. 
Question  Box — 2  49,  4.".4. 

Turbo-Generator:  Test  of  a  5500 
kw — Fred  P.  Woodbury.  Appara- 
tus and  arrangements  for  test. 
1-2.    W-450.     Vol.  I,  p.  225.  May,  '04. 

T««t  of  Synchronous  Motors — R. 
E.    Workman.      AV-IOOO.      Vol.    II,    p. 
115,  Feb.,   '05. 
Question   Box — 4S1,    504. 
Self-Starting     Synchronous    Motors 
— Jens  Bac}ie-Wiig.      Use  of  auxiliary 
squirrel-cage     winding.       Application. 
T-4.  W-2050.    Vol.  VI,  p.  347.  June,  '09. 
Question  Box — 76.  305,  377.  443,  479. 
Re-Connection  of  Two-Phase  Induc- 
tion Motor  for  Three-Phase  Operation 
— D.       C.       McKeehan.      D-1,       W-350. 
Vol.   VIII.  p.   1035,  Nov.,   '11. 

Transmission  System:  Synchronous 
vs.  Induction  Motors — Chas.  F.  Scott. 
Reprint:  transactions  A.  I.  E.  E. — 
1901.  See  (E)  p.  131,  W-4000.  Vol. 
II,  p.   86,  Feb.,  '05. 


INDUCTION    MOTORS 

Polyphase  Motor — B.    G.   Lamm*. 

A  comprehensive  article  covering 
the  principles  and  operation  of 
various  types.  C-16,  D-11,  1-6,  W- 
4  700.  Vol.  I,  p.  431,  Sept.,  '04. 
Question  Box— 180,  214,  507,  513, 
514. 

Speed  Control:  Polyphase  Motor 
— B.  G.  Lamme.  Two  methods  of 
varying  speed.  Curves;  efficiency 
and  power-factor.  Best  form  of 
windings.  Type  C  motor  for  con- 
stant speed  work.  C-8,  W-3400. 
Vol.  I,  p.  503,  Oct.,  '04.  Six  meth- 
ods of  varying  the  speed.  C-1, 
D-8,  W-2600.  Vol.  I,  p.  597,  Nov., 
•04. 

Speed  Control  by  Cascade  Connec- 
tion— H.  C.  Specht.  Discussion  of 
various  combinations  with  two  and 
three  motor.s.  D-3,  W-2725.  Vol. 
Vol.   VI,   p.    421,   Julv,   '09. 

Speed  Control  by  Frequency  Chang- 
ers— H.  C.  Specht.  Various  methods 
based  on  two  general  principles.  D-2, 
W-2550.      Vol.    VI.    p.    611,    Oct..    '09. 

Motor  Speed  Variation — B.  G. 
Lamme  (E).  Comparison  of  possible 
methods.  Direct-current  analogies. 
W-1000.  Vol.  VI,  p.  577,  Oct..  '09. 
Question  Box — :;'.tr,.  4:s,  493.  661. 
Sciuirrel-Cage  Motors  with  High 
Resistance  Secondaries — Rudolfh  E. 
Hellmund.  Purposes;  advantages 
with  fly-wheel.  Influence  of  increas- 
ed slip  on  performance.  Discussion 
of  typical  cases;  determination  of 
full-load-  slip.  Severe  starting  con- 
ditions. Reducing  starting  current. 
C-6,  D-2,  W-1475.  Vol.  VII,  p.  870, 
Nov.,  '10. 

(K)    A.  M.   Dudley.      W-575,   p.   847. 
Characteristics    Relative    to    Indus- 
trial Application — .A.  M.   Dudlev.    T-1, 
C-6,  W-6.",00.     Vol.  V,  p.  366,   July,  '08. 
Question    Box — 227,    403,    466,    485, 
511,    673. 

Characteristics  and  Applications  of 
Induction  Motor — W.  Edgar  Reed. 
Speed  torque  curves.  Types  of  wind- 
ings. Classification.  C-2,  W-2300. 
Vol.    III.   p.    607.   Ni.v.   '06. 

(E)    G.   E.   Miller.      W-SOn.  p.   601. 

Effect  of  Voltage  and  Frequency 
Variations  on  Induction  Motor  Per- 
formance— Gerard  B.  Werner.  T-6, 
W-2000.  Vol.  III.  p.  401.  July,  '06. 
Variations  in  Supply  Circuit,  Ef- 
fect of— J.  W.  Welsh.  Effect  on 
slip,  torque,  efficiency  and  power- 
factor.  T-2,  C-2,  W-1800.  Vol.  II, 
p.   551,   Sept.,  '05. 

Characteristics  by  the  Vector 
Diagram  Tl.  C  Specht.  T-1  C-1, 
D-1.  'W-l  I'i'o.  Vol.  II,  p.  749.  Dec,  '05. 
Diagrams:  Primary  and  Second- 
ary Flux  and  Voltages — V.  Kara- 
petoff.  Vectorial  representation  of 
relations  between  primary,  sec- 
ondary and  leakage  flux;  primary 
and  secondary  voltages.  D-2,  W- 
1500.      Vol.  I.   p.   606.  Nov.,   '04. 

Method     of     Studying    Induction 

Motor  Winding — C.  R.  Dooley.     1-2, 

W-450.      Vol.    Ill,    p.    521.    Sept.,    '06. 

Question    Box— 112.     272,    326,    339, 

340,   501,   507,   509,   514. 
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Heyland  Diagram,  Appllcatiom 
of.  Part  I. — V.  Karapetoff.  Sea 
p.  118,  Feb.,  '05.  D-4,  W-4200. 
See  p.  118,  Feb.,  '05.  D-4,  W-4200. 
Vol.    I,   p.    658.   Dec,   '04. 

Guide  for  the  use  of  the  Heyland 
diagram.     See   p.    658.   Dec,   '04.     C- 
3,    D-1,    W-1500.       Vol.     II,     p.     118, 
Feb..    '05. 
Question  Eox — G59. 

Slip  Indicator  for  Induction  Mo- 
tors— C.  K.  Dool.-y.  D-G.  1-2,  W- 
2000.      Vol.    I,   p.    500.   Nov..   '04. 

Polypbase  Motors  Bun  Single- 
Phase — G.  H.  Garcelon.  Efficiency. 
Torque  and  current  at  starting. 
Phase-splitters.  C-1,  D-3,  W-1000. 
Vol.   II,  p.   501,  Aug.,  '05. 

Power-Factor  for   Any  Current — 
R.   E.   Workman.     Method  of  calcu- 
lating.      D-2.     W-600.      Vol.    II,    p. 
B80.    Sept..   '05. 
Question  Box — 375,    440.   500. 

Starting  Induction  Motors.  In- 
ter-phase connections  of  two-phase 
generator  for  securing  low  volt- 
ages. D-1,  W-200.  Vol.  I,  p.  684, 
Dec,   '04. 

Question    Box — 136,     180,     271,     290. 
08,    341,    404,    513.  ^  ^      ^^ 

Experimental  Test  of  Induction 
Motors — R,  E.  Workman.  C-1, 
W-lfSMO.      Vol.   II.  p.   3S5.  June,  '05. 

Testing  —  Experimental — R.  E. 
Workman.  Apparatus,  test  tables, 
transformers.  D-6,  I-l,  W-2000. 
Vol.  II,  p.   316,  May,  '05. 

Commercial       Testing   —    R.       E. 
Workman.       Preparation     for    test; 
Readings  taken.     D-1,  W-800.     Vol. 
II,  p.    642,   Oct.,  '05. 
Question  Box — 20.    164,    220,    233. 

Iiocked  Saturation  Test — R.  E. 
Workman.  Precautions  to  be  ob- 
served. C-1,  W-800.  Vol.  II.  p.  452, 
July.  'OB. 

Iiosses,    Tests — R.    B.    Workman. 
Copper,   iron,    friction   and   windage 
losses.         Explanation;       examples. 
W-300.      Vol.   II,   p.   581.   Sept.,  '05. 
Question  Box — 337. 

Power  Curves — R.  E.  Workman. 
Calculated  from  brake  tests:  from 
losses.  T-1,  C-2,  W-1400.  Vol.  II, 
p.  513.   Aug..  '05.  _     , 

Temperature  Test — R.  E.  Work- 
man. Method  of  making  test;  cus- 
tomary rise.  W-200.  Vol.  II,  p. 
642,   Oct.,   '05.  _^    ^ 

Test  of  Induction  Motor  Wind- 
ings— G.  H.  Garcelon.  Standard 
windings;  tests  to  detect  and  lo- 
cate defects;  testing  switchboard 
and  method  of  use.  D-5,  1-2,  W- 
2800.     Vol.  I.  p.  148,  Apr..  '04. 

Transformer  Set  for  Testing  In- 
duction Motors — R.  A.  McCarty. 
Phases  and  voltages  secured  from 
two       single  -  phase      transformers, 


two-phase  supply  circuit.     D-2,  W- 

400.     Vol.   II.  p.   688,  Nov.,  '05. 
Transmission    System :    Induction 

vs.    Syncbronous    Motor — Chas.     F. 

Scott.      Reprint;    transactions   A.    I. 

E.    E.— 19«Jl.      See    (E)    p.    131.     W- 

4000.      Vol.   II,   p.   86,   Feb.,  '05. 

Trouble  with  Induction  Motor  Due 
to  Low  Voltage — B.  B.  Brackett.  W- 
525.      Vul.   VIII,    p.    732,   Aug.,   '11.    .    ^ 

Abnormal    Operation    Due    to    High 

Prequency  —  Leonard     Work.     W-800. 

Vol.  VIII,  p.   576,  'June.  '11.  ^     ,„ 

Question  Box— 7,   8,   9,   10,   11,  12, 

21,  25,  63,  71,  88,  95,  107,  122,  123. 
134.  135,  143,  207.  223,  285.  286,  367. 
368.  371,  378.  394.  395,  422.  450,  457, 
500!  569,  574,  575,  596.  627.  636,  648, 
663. 

Fan  Motors. 

Question  Box— 520,   622.    665,    688. 
SEKIES    MOTORS 

Single-Phase  Commutator  Type— 
B  G.  Damme.  Problems  encountered 
and  their  solution.  D-6,  W-5000. 
Vol.  VI,    p.   7,   Jan.,   '09. 

(E)    Reliability   in   service.     W-300, 

^'  Single-Phase  Railway  Motor — S.  M. 

Kincner.  Design  and  operating  char- 
acteristics. W-1300.  Vol.  VI.  p.  295, 
May,  '09.  ,     ^ 

Single-Phase  Series  Motor— 
Chas.  F.  Scott.  Relation  to  exist- 
ing direct-current  systems.  W- 
2000.     Vol.  I,  p.  5,  Feb.,  '04. 

Railway  Motor,  The  Single- 
Phase — C.  R.  Dooley.  Principles 
governing  its  operation;  special 
phenomena.  C-2,  D-1,  1-6,  W-1900. 
Vol.    I,  p:   J 14.  Oct.,  '04. 

Some  Phenomena  of  Single-Phase 
Magnetic  Fields — B.  G.  Lamme.  A 
simple  method  of  analyzing  cer- 
tain characteristics  applied  to  al- 
ternators, induction  motors,  both 
single  and  polvphase.  C-4,  W-2200. 
Vol.   III.   p.   488,   Sept..  '06. 

Operation  of  A.C.  Series  Motor — 
F.  D.  Newbury.  Action  of  the  mo- 
tor; comparison  with  direct-cur- 
rent motor;  special  phenomena- 
D-^l.  W-21H1O.  V',].  I,  p.  10.  Feb..  '04. 
Keutralizing  Field  Winding:  A.C. 
Series  Motor — F.  D.  Newbury.  Ef- 
fect of  the  neutralizing  field  wind- 
ing. Possible  methods  of  improv- 
ing power-factor.  D-5.  1-3.  W-1400. 
Vol.    IT.   p.   135.   Mch..   '05. 

Testing  Large  Single  -  Phase 
Motors— C.  J.  Fay.  D-1,  I-l.  W- 
400.      Vol.  III.  V.  529.   Sept.,  '06. 

Power  Factor,  at  Starting — Clar- 
ence Renshaw.  W-1400.  Vol.  I,  p. 
142.   Apr..   '04. 

Space  Economy  of  Single-Phase 
Motors — S.  M.  Kintner.  (E)  Discus- 
sion of  A.  I.  E.  E.  paper.  W-550. 
Vol.  A'lT.  p.  95,  Feb..  '10. 

Question  Box — 250,   521,  626. 


TRANSFORMATION 

RECTIFIERS 


The  Mercury  Rectifier — R.  P.  Jack- 
son. Characteristics  shown  by  means 
of  oscillograms.  Various  standard 
types  and  capacities.  Commercial 
applications.  C-1.  D-3.  1-12,  W-3300. 
Vol.  VI,   p.   264,  May,  '09. 


Mercury     Vapor     Converter — P.     H. 

Thomas.  Explanation  of  operation, 
with  diagrams.  Its  field.  D-8.  1-2. 
W-2000.     Vol.   II.  p.  397.  July.  '05. 


i6       Rectifiers — Rotary  Converters — Storage  Batteries 


Be^nlatlon  In  Mercury  Vapor  Con- 
Tetters — Percy  H.  Thomas.  1-2,  W- 
800.      Vol.   III.  p.  345,  June.   '06. 

Studying:  Mercury  Rectifiers  with 
the  Oscillog-raph  —  Tasudiro  Sakai. 
Later  improvements.  D-4,  C-22,  W- 
2175.     Vol.  VII,  p.  216,  Mar.,  '10. 


Question  Box- 


421,    61 


Electrolytic 

Question  Box — 84.   85.  141,  234,  302, 

545,  383,   421,  462,  672,  684. 


ROTARY  CONVERTERS 


Voltage  Regnlation  of  Compound 
Wound  Rotary  Converters  —  Jens 
Bache-Wiig-.  D-2,  C-4,  W-3075.  Vol. 
VII,   p.   860,  Nov.,   '10. 

(E)    B.   A.    Behrend.     TV-125.  p.    S4S. 
Voltag'e  Beg-ulation  of  Rotary  Con- 
verters— P.     M.     Lincoln.      Essentials 
for  compounding;  diagrams  of  induc- 
tance   in    the    circuit.      D-3,    1-2,    W- 
1500.      Vol.  I,  p.  55,  Mch.,   '04. 
Question  Box— 435.   4  36.   442. 
Varying   the   Voltag'e   Ratio — F.    D. 
Newbury.      Various    methods    ccnsid- 
ered;    split    pole    type    vs.    synchron- 
ous     booster-converter.        C-18,      D-1, 
1-4    W-4600.     Vol.  V,  p.  616,  Nov.,  'OS. 
(E)    P.    M.   Lincoln.      W-275,   p.    615. 
Znterpoles  in  Synchronous  Convert- 
ers— B.    G.    Lamme    and    F.    D.    New- 
bury.    Discussion   of   points   in  favor 
of   and    against   their    use.     Compari- 
son   of    conditions    in    converter    and 
direct-current  machines.     C-9,  I-l,  W- 
4075.     Vol.  VII,  p.   930,  Dec,  '10. 
(B)   P.  M.   Lincoln.      W-825,  p.  923. 
Experimental  Teats — R.    E.    Work- 
man.     Relative    power    rating    of    di- 
rect-current    generators     and     rotary 
converters,    e.m.f.    and    current    rela- 
tions.    Inverted   converter.      C-2,  D-2, 
W-1800.      Vol.   II,    p.    181,   Mch.,   '05. 
Description    and    explanation    of    the 
tests;    preparation    and   conduct;    dia- 


grams. C-2,  D-1,  W-1200.  Vol.  II, 
p.    249,   Apr.,  '05. 

Question  Box — 156.   205. 

How  to  start  Rotary  Converters — 
Arthur  Wagner.  D-7,  W-3700.  Vol. 
II,  p.  436,  July,  '05. 

Question  Box — 1,  2,  3,  4,  12,  175, 
235,   262,  306,   S76,  479. 

Hunting  of  Rotary  Converters — P. 
D.  Newbury.  Explanation  of  hunt- 
ing; causes;  prevention;  action  of 
copper  dampers.  I-l,  W-1300.  Vol. 
I,   p.   275,   June,  '04. 

Pumping  of  Rotary  Converters. 
Corrected  by  increasing  air-gap;  cop- 
per dampers  on  the  pole  pieces.  W- 
400.     Vol.  II.  p.  8,  Jan.,  '05. 

Question  Box — 55,   230,   391. 

Improper  Foundation  for  Rotary 
Converter — W.  H.  Rumpp.  Trouble 
caused  and  how  remedied.  W-350. 
Vol.   II,  p.   242,  Apr.,  '05. 

Question  Box — 133. 

Rotary  Converter  Excitation  —  O. 
H.  Crossen.  Method  of  increasing. 
Calculations  involved.  D-2,  W-1100. 
Vol.    III.    p.    537,   Sept.,  '06. 

Question  Box — 410,  420. 

Remedying  Trouble  with  Rotary 
Converter — K.  E.  Sommer.  W-350. 
Vol.   Ill,  p.   598,  Oct.,  '06. 

Question  Box— 12.  54.  57.  83.  139, 
28S,    476,   560,   561,   643,   675,   676,   678. 


STORAGE  BATTERIES 


storage  Batteries  —  V.  Karapetoff. 
A  complete  treatise  beginning  with 
elementary  principles.  Properties. 
C-3,  D-3,  I-l,  W-2800.  Vol.  IV,  p.  304, 
June,  '07. 

Operation  and  Control.  &"ystems 
of  Control.  D-4,  W-1600.  Vol.  IV,  p. 
407,   July,   '07. 

Floating  batteries.  Boosters.  Reg- 
ulators. D-6,  I-l.  W-2700.  Vol.  IV, 
p.   451,   Aug.,  '07. 


Their  Care  and  Maintenance — F. 
A.  Warfield.  W-2  SOO.  Vol.  V,  p. 
466,   Aug.,  "08. 

Storage  Batteries — L.  H.  Flanders. 
Recent  developments.  Plates.  Mate- 
rials for  installation.  Auxiliary  ap- 
paratus. 1-6,  W-2500.  Vol.  IV,  p. 
520,   Sept.,  '07. 

Question  Box— 110,  325,  342,  351, 
3S4,  397,  614. 


TRANSFORMERS 


General 


Transformer    Development — ^W.    M. 

McConaiiey  (E).  Demand  for  units 
of  liiiiiiiT  \-oltag;e  and  sreater  output. 
A\'-n_'5.  ,,.  50.      Vol.  VIII,  Jan.,  '11. 

Interesting  Features  of  Design  and 
Application — E.  G.  Reed.  Compari- 
son of  core,  shell  and  improved  shell 
types.  Economic  range  of  applica- 
tion. Magnetization  and  iron  loss; 
detecting  abnormal  conditions.  Im- 
pregnation. Failure  in  service.  T-1, 
C-4,  D-1,  1-5,  W-3275.  Vol.  VIL  P- 
631,   Aug.,  '10. 


Distributing     Transformers — E.     G. 

Reed.  Their  development,  essential 
requirements,  electrical  and  mechar 
ical  characteristics.  C-10.  I-ll,  W, 
4500.      Vol.  VI,  p.   406,  July,  '09. 

(E)  Development  of  small  trans- 
former.s.      W-275.      P.    387. 

Question  Box — 321. 

Magnetic  Iicakage  in  Transform- 
ers— E.  G.  Reed.  Its  effect  on  their 
regulation  under  normal  and  special 
conditions.  T-3,  D-22,  1-3,  W-4175. 
Vol.  VII,  p.  396.  May,  '10. 

Iiarge  Self-Cooling  Transformers — 
W.  M.  McConahey.  New  form  of  case 
and  cooling  coils.  1-2,  W-825.  Vol. 
VI,   p.    749,   Dec,   09. 
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(E)   K.  C.   Ranilall.      W-STu,  p.   709. 

Operation,  Beal  Economy  In  Trans- 
former— C,  Fortescue.  Points  consid- 
ered In  design;  small  effect  of  iron 
loss  shown;  effect  of  copper  loss  on 
meter  reading.  Advantage  of  equal 
losses.  Expressions  by  whicli  tiie 
economy  of  variously  designed  trans- 
formers may  be  compared.  D-2,  W- 
2300.      Vol.   I,  p.  264,  June,  '04. 

(E)    J.  S.    Peck,   p.   308. 

Question   Box — 215,    217,    327,   365. 

Diagrams,  Applications  of  Alter- 
natinsf  Current — V.  Karapetoff.  Dia- 
gram of  an  ideal  transformer;  Influ- 
ence of  Iron  loss;  influence  of  cop- 
per loss  and  leakage  of  flux.  D-5, 
W-2000.      Vol.   I,  p.   279,   June,  '04. 

Approximate  practical  diagram. 
Experimental  determination  of  in- 
ductive resistance.  Kapp's  diagram 
for  predetermination  of  drop  and 
regulation.  Diagram  of  auto-trans- 
former. D-8,  W-2200.  Vol.  I,  p.  410, 
Aug.,  '04. 

Question  Box — 190. 

Charts  for  Deterniining-  Efficiency 
and  Reg-vtlation — J.  F.  Peters.  ('-2, 
D-2,  W-1450.  Vol.  VIII,  p.  1115, 
Dec,  '11. 

Static  Disturbances  In  Transform- 
ers—S.  M.  Kintner.  How  Induced. 
Method  for  relieving-.  Diagrams.  D-3, 
I-l,  W-1100.    Vol.   II,  p.   365,  June,  '05. 

Question  Box — 188,   261,   478. 

Distortions    in    Voltagfe    "Waves — A. 

W.  Copley.  Effect  of  resistance  in 
eerlea  with  transformer  circuits.  C-2, 
D-1.     Vol.  IV.  p.  86,  Feb.,  '07. 

(E)  Chas.  F.  Scott.     W-610,  p.  61. 

Current    Rushes    at    Switching — J. 

S.  Peck.  Causes  and  proposed 
means  of  reducing.  C-6,  W-1  400 
Vol.   V,   D.    152.   Mar.,   '08. 

(E)  Transformer  Switching  —  K. 
C.   Randall.      W-450,   p.   124. 

Parallel  Operation — J.  B.  Gibbs. 
Factors  involved  in  effecting  proper 
division  of  load.  D-4,  W-1975.  Vol. 
VI,  p.   276,  May,  "09 

(E)    Chas,   P.    Scott.      W-800,  p.    257. 

Delta  and  V-Connected  Transform- 
ers in  Parallel — E.  C.  Stone.  Advan- 
tageous and  improper  three-phase 
connections.  Effect  on  capacity  of 
group.  T-1,  D-6,  W-1150.  Vol.  VII, 
p.   304,   Apr.,   '10. 

Question  Box — 365,  405,  441,  448, 
453,   471,   353,   5r.4. 

Belative  Advantages  and  Disadvan- 
tages of  One-Phase  and  Three-Phase 
Transformers — J.  S.  Peck.  W-1 7  00. 
Vol.   IV,  p.  336,  June,  '07. 

Ratings  of  Single-Phase  TTnits 
Grouped  on  Polyphase  Circuits — H.  C. 

Soule.  Voltage,  current  and  k.v.a 
values.  T-1,  D-5,  W-1450.  Vol.  VII. 
p.    298,    Apr.,    '10. 

Converting  Three-Phase  Current  'to 
Single-Phase — Chas.  F.  Scott.  Dem- 
onstration that  single-phase  power 
carmot  be  obtained  from  static  trans- 
formers connected  to  three-phase 
circuit  without  unbalancing.  D-1, 
W-900.     Vol.  Ill,  p.  43,  Jan.,  '0«. 


Queiti98  BOS- 
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Three-Phase   Transformation   —  J. 

S.  Peck.  Arrangements  of  transform- 
ers. Principles  governing  flux  dis- 
tribution. Three-phase  transform- 
ers; core  type;  advantages  and  dis- 
advantages; shell  type;  duplex  trans- 
former; conclusions.  D-6,  W-2409. 
Vol.   I,  p.   401,  Aug.,   '04. 

Three-Phase — Two-Phase  Transfor- 
mation— Edmund  C.  S'tone.  An  ex- 
planation by  use  of  vector  diagram 
and  notation  of  Prof.  Porter.  D-2, 
W-900.      Vol.   IV,  p.   598,   Oct.,   '07. 

Three-Phase  —  Two-Phase  Trans- 
formation With  Standard  Trans- 
formers— L.  A.  Starrett.  Principles 
Involved;  modifications  possible  to 
give  various  voltages.  D-3,  I-l,  W- 
1  100.    Vol.  V,   p.   721,   Dec,   '08. 

(B)    Chas.   F.   Scott.      W-900,    p.   678. 

Two-Phase  —  Three-Phase  Trans- 
formation— M.  H.  Rodda.  Applica- 
tions and  limitations  of  auto-trans- 
formers. D-2.  W-27B.  Vol.  V,  p. 
608.    Oct..    '08. 

Two-Phase  —  Three-Phase  Trans- 
formation Using  Standard  Trans- 
formers— Seth  B.  Smith  and  E.  C. 
Stone.  Method  giving  about  90  per- 
cent of  rated  capacity  of  units  used. 
D-2.  W-300.     Vol.  VI,  p.  441,  July,  '09. 

Two-Phase  —  Three-Phase  Trans- 
formation Using  Auxiliary  Trans- 
former— A.  R.  Sawyer.  Connection 
applicable  when  regular  apparatus 
is  not  available.  D-1.  W-600.  Vol. 
VI,  p.  248,  Apr..  '09. 

Two-Phase  —  Three-Phase  Connec- 
tion— D.  C.  McKeehan.  Three  trans- 
formers used;  two  standard  units  of 
smaller  capacity  paralleled  to  obtain 
balance  of  load.  D-1,  W-150.  Vol. 
VI,  p.  442.  July,  '09. 

Connections  In  Two  and  Three- 
Phase  Circuits.  Diagram  showing 
the  connections  for  various  changes 
In  number  of  phases,  showing  volt- 
age relations.  Vol.  I,  p.  490,  Sept., 
'04. 

Question  Box — 21,  23,  26,  38.  53,  91, 
92.   96,   160.  ir,2.   K)6.   225,   244.   451,   529. 

Connection  for  Two-to-One  Three- 
Phase  Transformer.  Methods  for 
connection  for  two-to-one  three 
phase  transformation  when  two-to- 
one  transformers  are  not  available. 
D-2.  M'-3000.    Vol.  IT.  p.  191,  M,-h..  '05. 

Special  AppUcatlons  of  Standard 
Transformers — H.  W.  Young.  D-6, 
W-1350.     Vol.  IV,  p.   709.   Dec.  '07. 

Special  Transformer  Connections — 
M.  C.  Godbe.  Emergency  connection 
to  give  2  300  volts  and  460  volts, 
three-phase  from  a  4  000  volt,  three- 
phase,  four-wire  circuit.  D-2,  W- 
250.  Vol.  V,  p.  176;  Mar..  '08. 
Question   Box — 14,S,  453,  540,  634.  649, 

Novel  Use  in  Emergency — ^R.  H. 
Fenkhausen.  Old  auto-starters  used 
to  obtain  odd  voltages  for  lighting. 
W-300,      Vol.  VI.   p.    57,  Jan.,  '09. 

Question  Box — 198. 

Winding  Points  In  Transformer 
Coll.  Special  methods  of  winding 
certain  forms  of  colls.  Arrangement 
to  prevent  locaJ  currents.  W-400. 
Vol.   I.  p.   306.  June.   '04. 

Question  Box — 405,   451,   471. 

ThaTping  Transformers — Walter  M. 
Dann.  Methods  and  apparatus  for 
thawl  ig  pipes.  T-1,  1-3,  W-1700. 
Vol.  J  fl,  p.  38,  Jan.,  '06. 
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Bating-   of    Testingr   Transformers — 

C.  E.  Skinner.  W-200.  Vol.  II,  p. 
615,  Oct.,   '05. 

TestLng  Central  Station  Trans- 
former—  W.  Nesbit.  Order  of  tests; 
methods.  Diagrams  of  connections. 
U-6,  W-2000.    Vol.  II.  p.  465.  Aug.,  '05. 

Testing  Load  for  Iiarg-e  Trans- 
formers— G.  B.  Rosenblatt.  Method 
of  loading  one  transformer  by  an- 
other.  W-200.  Vol.  II,  p.  602,  Oct.,  ''X^. 

Methods  of  Loading'  Transformers 
for  Heat  Runs — George  C.  Shaad. 
D-5,    W-1550.     Vol.  IV,  p.  346,  June, '07. 

Question  Box — 4t),  90,  204,  24t),  272, 
298.    445  _      ^ 

Insulation  of  Transformers — Test- 
ing of — M.  H.  Bickelhaupt.  Testing 
voltage  by  means  of  spark  gap. 
W-SOO.      Vol.  I.  p.    182.   Apr.,  '04. 

Insulation:  Transformer  —  O.  B. 
Moore.  Relation  of  ohmic  resistance 
and  dielectric  strength.  Tests. 
Curves.  C-3,  D-1,  W-2400.  Vol.  II, 
p.   333,  June,  '05. 

Drying  Out  High  Tension  Trans- 
formers— J.  S.  Peck.  D-1,  W-1400. 
Vol.   I,  p.   61,  Mch.,   '04. 

Drying  Transformers  with  Elec- 
tricity—H.  W.  Turner.  W-460.  Vol. 
IV,   p.   418,   July,  '07. 

Question  Box — 5,    74. 

Moisture  in  Transformers — W.  G. 
McConnon.  Vv'-450.  Vol.  Ill,  p.  418, 
July,  '06. 

Oil  for  Transformers — C.  B.  Skin- 
ner. Requirements  for  a  good  oil; 
different  tests;  effect  of  Impurities. 
C-1,  I-l,  W-4400.  Vol.  I,  p.  227,  May, 
•04. 

Testing  of  Transformer  Oil — M.  H. 
Bickelhaupt.  Simple  test  for  detect- 
ing water  and  acid.  W-75.  Vol.  I, 
p.    182,  Apr.,   '04. 

Methods  of  Treating  Transformer 
Oil — P.  M.  Kintner.  V-2500.  Vol. 
Ill,   p.    583.    Oct..   '06. 

Drying  Out  Transformer  Oil — J. 
E.  Sweeney.  W-800.  Vol.  Ill,  p.  478. 
Aug.,  '06. 


Transformer    Oil:    Som.e    Hints — C. 

E.  Skinner.  Drying  out  high  tension 
transformers.  I-l,  W-1500.  Vol.  II, 
p.   96.   Feb.,  '05. 

Question  Box — 150,  151,  276,  298, 
372,    437,   4S9,   474,   483. 

Syphoning  of  Transformer  Oil — J. 
C.  Dow.  Caused  by  capillary  action 
in  terminals.  Prevention.  W-275. 
Vol.  VII,  p.   735,  Sept.,  '10. 

Qiiestion  Box — 47  2. 

Transformer  Troubles  —  William 
Nesbit.  Open-circuits.  Oil  troubles. 
Wrong  connections.  W-375.  Vol. 
V,   p.    541,   Sept.,  '08. 

Transformer  Troubles — J.  N.  C. 
Holroyde.  Four  examples  of  difficulty 
in  operation  and  their  final  explana- 
tion. D-1,  W-1075.  Vol.  VI,  p.  311, 
May,  '09. 

Clogged  Tubes  in  "Water  Cooled 
Transformers  —  G.  B.  Rosenblatt. 
Cause;  method  of  cleaning.  W-1200. 
Vol.  II,   p.   600,   Oct.,  '05. 

Question   Box — 460. 

Twenty-Fifth  Anniversary  of  the 
Transformer — Chas.  F.  Scott  (E). 
Account  uf  dinner  given  to  Mr.  Wil- 
liam Stanlev,  bv  the  Pittsfield  Sec- 
tion, A.  I.  E.  E.,  Mav,  1911.  W-1400. 
Vol.  VIII,  p.   490,   June,  '11. 

Question  Box — 30,  108.  113.  140, 
152,  167,  449,  474,  494,  555,  556,  616. 
620,  629,  645,  6.07,  685. 

Series 

Operation    of    Series    Transformers 

— Edward  L.  Wilder.  Inherent  char- 
acteristics. T-1.  C-1.  D-2.  W-1100. 
Val.  I,  p.  451,  Sept.,  '04. 

Sixty  Thousand  Volt  Series  Trans- 
formers— W.  H.  Thompson.  D-1.  1-2, 
W-400.      Vol.   Ill,   p.   650,   Nov.,   '06. 

Measurements  Involving  Their  TTsa 
— H.  B.  Taylor.  C-1,  1-2,  W-2050. 
Vol.  IV,  p.  234,  Apr.,  '07.  (See  E,  p. 
185.) 

Question  Box — 36,  179,  293,  407,  518 
625,    641,   644. 

Auto  Transformers 

Question  Box— 6.    98.    173.    178.   194 

217,    2611,   2;<1,   303,   404,   668. 


TRANSMISSION 


CONDUCTORS    AND    CONTROL 
GENERAL 

(See  also   Theory,  p.  S  ) 


Transmission  Circuit  —  Chas.  F. 
Scott.  An  elementary  consideration 
of  self-induction,  regulation  and  mu- 
tual induction.  C-4,  D-10.  W-4400. 
Vol.   II.  p.  713,  Dec,    05. 

Question  Box — 243. 

Progress   in  Power   Transmission — 

P.     M.     Lincoln     CE).      W-575,     p.     22. 
Vol.  VIII.   Jan..  '11. 

Iilmlting  Carrying  Capacities  of 
Long  Transmission  Lines — Clarence 
P.  Fowler.  A  method  of  determining 
by  the  use  of  tables.  W-925.  T-2. 
Vol.  IV,  p.  79,  Feb..  '07. 


Continuity  of  Service. 

Static  Strains  in  High-Tension  Cir- 
cuits— Percy  H.  Thomas.  Laws  of 
electrostatics.  The  electric  circuit. 
Study  of  tvpical  conditions.  D-3.  C- 
3,  W-10  300.  Vol.  VII.  pp.  228.  309. 
Mar.,  Apr.,  '10. 

(E)  R.  P.  Jackson.  Continuity  in 
transmission  of  power.    W-650,  p.  184. 

Protection  of  Electrical  Equipment 
Against  Electrical  Surges — P.  M.  Lin- 
coln. Cause  of  surges,  hydraulic  an- 
alogy. Relative  power  of  apparatus 
to  resist  surges.  Lightning  arrest- 
ers. Overhead  grounded  wire. 
Grounded  neutral.  1-7,  W-3600.  Vol. 
VII,   p.   575.  .Tuly,  '10. 


TRANSMISSION— Coi^DucTORS— Power-Factor 


19 


Lightning  on  Electric  Circuits  and 
Requirements  of  Protective  Appara- 
tus— R.  P.  Jackson.  Discussion  of 
results  of  recent  investigation.  Me- 
chanical analogy.  Potential  across 
turns  of  choke  coil  or  transformer. 
Lightning  arrester.  Expulsion  fuse 
for  suppressing  arc.  Electrolytic  ar- 
rester. C-4,  D-3,  1-9,  W-4050.  Vol. 
VII,   p.    60S,   Aug.,    '10. 

Choke  Coils  vs.  Extra  Insulation 
on  Transformers — S.  M.  Kintner. 
Discussion  of  advantages  and  disad- 
vantages of  each.  Conclusions  in  fa- 
vor of  choke  coils.  I-l,  W-1300.  Vol. 
VII,   p.    725,   Sept.,   '10. 

Potential  Stresses  and  Overhead 
Grounded  Conductors — R.  P.  Jack- 
son. Investigation  of  static  condi- 
tions surrounding  transmission  lines 
and  metal  towers.  Reduction  of 
trouble  from  lighting.  C-7,  W-1S25. 
Vol.    VII,   p.   833,   Oct.,   '10. 

Circuit  Breaker  Relay  Systems — ■ 
R.  P.  Jackson.  Localizing  trouble. 
Reverse  current  protection.  Protec- 
tion against  grounds  and  against  lost 
power.  Operation  without  relays. 
Connections  for  relay  circuits.  C-2, 
D-7,  W-2200.  Vol.  VII,  p.  908,  Nov., 
•10. 

Contiuuity  of  Power  Service — R.  P. 
Jackson.  Summary  of  factors  con- 
tributing to  interruption  of  service. 
W-3250.     Vol.  VIII,  p.  628,  July,  '11. 

(E)  Value  of  Continuous  Electric 
Service— Chas.  F.  Scott.  W-IOOO,  p. 
5S9. 

Effect  of  Electrostatic  Stresses 
and  Groiincl  Connections  on  Trans- 
former Insulation — C.  Furtesiuo.  T-2, 
D-IG,  W-3075.  Vol.  VIII,  p.  26G,  Mar. 
'11. 

(E)    R.  P.  Jackson.      W-750,  p.  210. 

Grounded  and  Unirrounded  Trans- 
mission Circuits — J.  S.  Peck.  Discus- 
sion of  various  single  and  polyphase 
transformer  combinations.  D-18,  W- 
2S00.      Vol.  VIII.  p.    456.  Mav.   '11. 

(E)   K.  C.  Randall.      W-ooO,   p.   411. 

Static  Conditions  in  Grounded 
Transmission  Circuits — R.  P.  Jack- 
son. Showing  possible  cause  of 
breakdowns.  D-2,  W-1200.  Vol.  Ill, 
p.    646,   Nov.,  '06. 

Question  Box — 2fil,  Sll,  360,  398, 
411.   418,  475,  477,   478,  519. 

Calculating  Drop  in  Alternating'- 
Current  Iiines — Ralph  D.  Mershon. 
T-1,  D-S.  W-4500.  Vol.  IV,  p.  137, 
Mar.,    '07. 


Specific  Examples  —  Clarenc*  P, 
Fowler.      T-1,   W-UdO,   p.    150. 

Method  of  Pindingr  Drop  in  Alter- 
natingr  -  Current  Circuits.  Chas.  F 
Scott  and  Clarence  P.  Fowler.  > 
modification  of  the  "Mershon"  Meth- 
od. T-3,  1-2,  W-1050.  Vol.  IV,  p.  227, 
Apr.,   '07. 

(E)   A.  M.  Dudley.     W-500,  p.   182. 

Regulation,  How  to  Calculate — J. 
S.  Peck.  Approximate  rules;  exam- 
ples of  inductive  and  non-inductive 
loads.  Diagrams.  D-2,  W-1000.  Vol. 
II,  p.  361,  June,  '05. 

Question  Box — 401,  406,  410,  426, 
43S,   444,    534. 

Paralleling  Large  Systems — P.  M. 
Lincoln.  The  problem  of  furnishing 
relatively  small  amounts  of  power 
from  one  alternating-current  system 
to  another.  T-1,  W-3650.  Vol.  VII, 
p.    386,  May,  '10. 

(E)    Cha.s.   F.   S'cott.      W-575,   p.   339. 

Question  Box — 612. 

Question  Box — 183,  187,  206,  208, 
221,   2G7,   314,   316,    33S,   346,    491,   677. 

Power  Factor 

Correction     of    Power-Pactor — Wm. 

Nesbit.  Use  of  synchronous  motor. 
Calculations.  Examples.  D-3,  C-4, 
W-2400.     Vol.  IV,  p.   425,  Aug.,  '07. 

(E)   F.  D.  Newbury.     W-400,   p.  421. 

Correction  witli  Synchronous  Mo- 
tors— Nicholas  S'tahl.  Curves  for 
ready  calculation  of  reactive  effects 
in  power  circuits  and  selection  of 
proper  synchronous  motor  capacities. 
C-7,  D-5,  W-5125.  Vol.  VIII,  p.  943, 
Oct.,  '11. 

(E)   E.  R.  Spencer.     W-1200,  p.  826. 

Graphic  Calculator — C.  I.  Young. 
Determination  of  improvement  ob- 
tained with  synchronous  motors.  1-3, 
VV-1550.     Vol.   IV,  p.    627,  Nov.,  '07. 

(E)   Willi;im  Xesbit.     W-400,  p.  604. 

Power  -  Factor  Improvement  at 
Lackawanna  Steel  Company — John  C. 
Parker.  D-2.  1-2,  W-S425.  Vol.  IV, 
p.  32,  Jan.,  '07. 

(E)    P.    M.    Lincoln.      W-500,   p.    2. 

(E)   K.  C.  Randall.     W.-300,  p.  3. 

Question  Box — 76.  126,  129,  142, 
353,  ■■.r.n,  :•■-;,],  -ilO,  425,  426,  470,  500, 
570,   r,V.^.  r,ir,,  07. 

Effect  of  Power-Pactor  on  Poly- 
phase Meter  Reading— C.  W.  Kinney. 
W-275.    Vol.  V,  p.   53,  Jan.,  '08. 

M.  B.  Chase.  W-300.  Vol.  V,  p.  53. 
Jan.,   '08. 

Question  Box — 67,  126,  127,  128,  129, 
142,  165,  193,  213,  265,  266,  362,  364, 
3i;0,   440,   452,   481,   500,  503. 


SYSTEMS 


Alternating    Currant 


High   Tension    Transmission — J.    F. 

Vaughan.  Incidents  in  the  develop- 
ment of  the  Puyallup  Water  Power. 
I-l,  W-750.      Vol.   II,  p.   442.   July.   '05. 

Transmission  Line  and  Suh-Station 
Data — L.  A.  Masraw.  Covering  100, 
000,  50,000  and  10,000  volt  systems  of 
the  Southern  Power  Companv.  T-1, 
D-1,  W-17000.  Vol.  VIII,  p.  329, 
Apr,  '11 

Power  Transmission  Data  —  Chas. 
F.  Scott.  (E.)  W-400.  Vol.  II,  p. 
708,   Nov.,  '05. 

Power  Transmission  in  the  "West — 
Allan   E.    Ransom.      Lewiston-Clarks- 


ton  system;  line  construction.  D-1. 
1-6,  "U'-1600.     Vol.  II,  p.  678.  Nov.,  '05. 

Single-Phase  Railway  System  — 
Chas.  F.  Scott.  Its  field  and  devel- 
opment. W-2000.  Vol.  II,  p.  404, 
July,   '05. 

Single-Phase  Railway  System  — 
Chas.  F.  Scott.  Paper  read  before 
the  Am.  St.  Ry.  Assoc,  '05.  Salient 
features;  development  of  apparatus; 
advantages;  its  field.  See  (E)  p.  647. 
W-4500      Vol.   II,  p.   589,  Oct.,  '05. 

Single-Phase  Railway  System  — 
■Westing-house  —  Clarence  Renshaw. 
C-1,  D-7,  1-3,  W-5000.  Vol.  I,  p.  131, 
Apr.,   '04. 
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TRANSMISSION— System— Lines 


Slngrle-Fhase  Synclironous  Txans- 
mlB«lon.  The  Telluride  Plant,  early 
experience  and  description  of  appa- 
ratus. (E)  Chas.  F.  Scott,  p.  519. 
1-5,  W-800.     Vol.  II,  p.  504,  Aug.,  '05. 

Transmission  Troubles,  Hlg-li  Volt- 
age, HydrauUc — G.  W.  Appier,  North- 
ern Cal.  Power  Co.  Troubles  due  to 
dirt  and  refuse  in  supply  pipes  to 
plant;  scheme  to  overcome  same. 
Successful    telephone    line    construc- 


tion on  power  poles.  D-2,  W-1000. 
Vol.   II,   p.   576,  Sept.,   '05. 

70  000     Volt     Transmission     Line — 

Chas.  F.  Scott.  Operation;  insula- 
tors; pole  construction.  D-2,  W-1200. 
Vol.   II,   p.    674,   Nov.,   '05. 

Question  Box — 61,  SI,   125,   154,   210, 
467,    517.    543,    637. 


Direct' Current 

Question  Box — 47. 


LINES 


Overhead 

Poles,  Arms,  etc. 
Steel  Structures  for  Higli-Tension 
Transmission  Lines — W.  K.  Arch- 
bold.  Various  designs  adapted  to 
specific  requirements.  Foundations. 
Insulators.      1-7.    W-1475.      Vol.    VII, 

^' (E)""r.^P.'  Jackson.     W-600,  p.    257. 

Line  Construction  —  B.  L.  Chase. 
Location;  pole;  guys;  arrangement 
of  sections.  W-1900.  Vol.  II,  p.  697, 
Nov.,   '05. 

Question  Box — 541.  

Hazard  in  Overhead  Crossings— 
Chas  F.  Scott  (E).  W-S25.  Vol. 
VIII,  p.   824,   Oct.,  '11.     ^        ^         .. 

Single-Pliase  Line  Construction—- 
Theodore  Varney.  Construction  of 
insulators,  bracket  arms,  hangers 
and  grooved  trolley  wire.  Length  ol 
span.  Anchors  and  sections  break; 
catenary  line,  air-operated  trolley. 
D-8,     1-4,    W-1200.       Vol.    IL    P-     199. 

Catenary  Line  Construction  on 
Warren    and    Jamestown    Bailroad-— 

Theodore    Varney.      1-2,    W-750.      VoL 
III,   p.    156,   Mar..   '06. 

Crossing  a  Railroad  Right  of  way 
— P  M.  Lincoln.  Difflculty  of  run- 
ning high  potentials  underground; 
method  to  carry  line  across;  protec- 
tive device;  specifications.  I-l,  w- 
1000.      Vol.   I,  p.   448,   Sept.,   '04. 

Repairing  HigH  Voltage  Lines 
While  in  Service — J.  S.  Jenks  and  VV^ 
H  Acker.  Description  of  method 
and  apparatus  used  on  West  Penn 
Railways'  25  000  volt  systeni.  1-27, 
W-1200.      Vol.  VI,   p.   547.   Sept.,    09. 

(E)  B.  P.  Rowe.  Duplicate  lines 
safer  alternative.     W-550.     P.   516. 

Question  Box — 399. 

Drop  In  Voltage,  Calculation  —  J. 
W  Welsh.  A  method,  with  table,  for 
calculating  simple  railway  layouts 
of  feeders.  T-1,  W-750.  Vol.  II,  p. 
188,   Mar..  '05. 

High  Voltage  Trolley  —  Effect  of 
Steam  and  Smoke  on  Striking  Dis- 
tance— S  M.  Kintner.  C-1,  1-2,  W- 
160       Vol.    Ill,  p.   237,    Apr.,   '06. 

Reinforcing  with  Rods  and  Con- 
crete— H.  N.  Muller.  Method  of  re- 
pair in  case  of  butt  rot  '^'hl'^;^' 
1150.     Vol.  VII,  p..  41,  Jan.,  '10.      (See 

^•qVou^Box— 79,    155,    1S2.    408,    543, 
'587,  6S5. 

Conductors 

Central  Station  Wiring— W.  Barnes, 
Jr  Some  points  on  location  and  sup- 
port of  cables.  1-4,  W-1400.  Vol. 
Ill,   p.   412,   July,  '06. 


Small    Central    Station    Wiring — S. 

L.  Sinclair.  Layout  of  station;  ar- 
rangement of  apparatus;  duties  of 
erecting  engineer.  W-1900.  Vol.  IV, 
p.   43,  Jan.,  '07. 

Conductors  for  Heavy  Alternating 
Currents — K.  C.  Randall.  Carrying 
capacity  reduced  by  mutual  inductive 
action  and  self-inductance  of  conduc- 
tors. D-1,  W-1350.  Vol.  VII,  p.  710, 
Sept.,  '10. 

Bends  and  Loop.s — R.  P.  Jackson. 
Their  effect  on  inductance  of  conduc- 
tor. D-4,  W-1025.  Vol.  VIIL  P.  809, 
Sept.,  '11. 

Graphical  Method  of  Determining 
Drop  in  Direct-Current  Feeders — R. 
W.  Stovel  and  N.  A.  Carle.  C-1,  W- 
1  350.      Vol.   V,   p.   322,   June,   '08. 

(E)  Engineering  Conveniences — 
A.   H.    Mclntire.      W-400,   p.    303. 

Wiring  Calculations  by  the  Slide 
Rule — E.  P.  Roberts.  Construction 
and  use  of  a  slide  rule  for  use  in 
wiring  calculations.  T-1,  W-1200. 
Vol.    Ill,   p.    116,   Feb..  '06. 

Question  Box — 231,  258,  275,  309, 
316. 

Soldering  Cable  Terminals.  Cor- 
rect method  of  soldering.  W-300. 
Vol.   II,   p.    691,   Nov.,  '05. 

SpUcing  Cables  —  W.  Barnes,  Jr. 
Proper  methods  of  making  joints  In 
cables.  1-9,  W-1200.  Vol.  II,  p.  125, 
Feb.,  '05. 

Question  Box — 373,   444. 
Wire  Table  —  Formulae  —  Harold 
Pender.       Resistance;     weight;     area; 
diameter.       W-200.       Vol.     II,    p.     327, 
May.   '05. 

Wire  Table,  How  to  Remember — 
Chas.  F.  Scott.  Simple  rules  for 
committing  the  B.  &  S.  wire  table  to 
memory.  W-1400.  Vol.  II,  p.  220, 
Apr.,  '05. 

Wire  Table  and  Slide  Rule— Y. 
Sakai.  Method  of  using  slide  rule  as 
wire  table.  1-2,  W-500.  Vol.  II,  p. 
632,  Oct.,  '05. 

Wire  Table-Resistance  of  Coppex 
Wire.  B.  &  S.  Gauge.  Vol.  Ill,  p. 
118.  Feb..  '06. 

Question  Box — 516. 
Underwriters'    Rules — C.    E.     Skin- 
ner.     (E.)      History   and   development 
of  the  National   Electrical  Code.     W- 
700.     Vol.   II.   p.    262.  Apr.,  '05. 
Question  Box — 54  5. 
Electricity  as  a  Pire  Hazard — C.  B. 
Skinner.       (E.)       The      true     relative 
status.    W-125.    Vol.  Ill,  p.  2,  Jan.. '06. 
(E)   Dean  Harvey.     W-600,   p.   866. 
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Plre  Hazard  of  Electricity.  Ex- 
tracts from  Nat.  El.  Light  Assoc. 
Com.  Report.  T-3,  W-500.  Vol.  Ill, 
p.   396.   July,  '06. 

Question  Box— 39,  154,  259,  350, 
40&,   4411,   543,   547,   54S,   579,   602,   6S3. 

Underground 

Underground  "Wiring- — H.   W.   Buck. 

Cables;  grouping  of  ducts;  manhole 
construction;  induction  in  lead 
sheaths.  D-5,  W-1200.  Vol.  I,  p.  128, 
Apr.,  '04. 


Question  Box — 231,  3i 


549, 


Reinforced  Cement  Slielves  and 
Cable  Armor  in  Manholes — H.  N. 
Muller.  1-3,  W-550.  Vol.  VII,  p.  34, 
Jan.,   '10. 

Ground  Tliroug-h  Steam  Pipe — R. 
W.  Cryder.  Return  circuit  from 
third  rail  system  opened,  but  main- 
tained by  ground.  W-250.  Vol.  V, 
p.    542,    Sept.,   '08. 

Question  Box — 17,   475. 


SWITCHBOARDS 


General 


Modem  Practice  in  Design — H.  W. 

Peck.  History  of  development;  ma- 
terials; construction;  apparatus.  1-9, 
W-3500.      Vol.   I,   p.    631,   Dec,  '04. 

Characteristics  of  machines;  par- 
allel operation;  three-wire  genera- 
tors. A  typical  direct-current  switch- 
boad;  operation.  C-1,  D-2.  1-2,  W- 
2500.     Vol.  II,  p.  37,  Jan.,  '05. 

Direct-Current — H.  W.  Peck.  Dia- 
gram and  illustrations  of  typical  di- 
rect-current switchboard;  operation. 
D-1,  1-2,  W-1500.  Vol.  II,  p.  40,  Jan.. 
05. 

Por  Alternators — H.  W.  Peck.  De- 
scription; diagrams;  auxiliary  appa- 
ratus. D-3,  1-4,  W-1800.  Vol.  II.  p. 
808,   Ma,y,    '05. 

High  Tension:  Hand  Controlled — 
H.  W.  Peck.  D-1,  W-ISUO.  Vol.  II,  p. 
880,    June,   '05. 

High  Tension:  Power  Controlled — 
H.  W.  Peck.  1-9,  W-2U00.  Vol.  II,  p. 
634.    Oct.,    '05. 

Concrete  Switchboard  Construction 
— L.  B.  Chubbuck.  Description  of 
methods  used  in  building  control, 
switching  and  bus-bar  structures.  I- 
9,  W-1450.     Vol.  VI,  p.   714,  Dec,  '09. 

High-Tension  Concrete  Switch- 
board Structures^ — W.  R.  Stinemetz. 
Details  of  construction  from  stand- 
point of  erection  engineer.  T-1,  D-3, 
1-9,  W-o375.  Vol.  VII,  p.  373,  May,  '10. 
(E)  Concrete  construction  and  the 
erection    engineer.      W-1100,    p.    335. 

Reinforced  Cement  Switchboard 
Structures — H.  N.  Muller.  Descrip- 
tion of  construction  by  applying  ce- 
ment to  expanded  metal  frameworks. 
1-4,  W-1275.  Vol.  VII,  p.  31,  Jan.,  '10. 
(See  E,   p.   13.) 

European  Concrete  Switch  Struc- 
tures— S.  Q.  Haves.  1-20,  W-4350. 
Vol.   VII.   p.   273,   Apr.,  '10. 

Electrically  -  Operated  Switch- 
boards — B.  P.  Rowe.  Advantages. 
Reliability.  General  Arrangement  of 
Switching  Devices.  D-4,  1-7,  W-3200. 
Vol.   IV.   p.   6S9.   Nov..  '07 

Elevated  panels.  Feeder  panels. 
Exciter  panels.  Controlling  and  in- 
etrumtent  panels.  Control  pedestals. 
1-6.  ^-2000.  Vol.  IV.  p.  691.  Dec.  '07. 
Iiig-hting  Systems — H.  W.  Peck. 
Prime  factors;  economy  of  high  volt- 
age; three  systems;  apparatus  for 
operation.  D-4.  1-2.  W-2300.  Vol. 
II,  p.   167,  Mch.,  '05. 

Railway  and  Power — ^H.  W.  Peck. 
Installations;  instruments;  use  of 
differential  voltmeter;  booster  and 
control.  D-1,  1-4,  W-1400.  Vol.  II, 
p.   100,  Feb.,  '05. 


Switchboard  of  Congressional  Heat, 
Light  and  Power  Plant,  Washington, 
D.  C. — C.  H.  SaudL-isi.n  and  M.  C.  Tur- 
pin.  D-3,  I-G,  \V-2(J75.  Vol.  VIII,  p. 
21G,   Mar.,   '11. 

(E)    K.  E.  Van  Kuran.    W-550,  p.  209. 

Question  Box — 184,   281,   355. 

Interrupting  Devices 

General     Considerations  —  F.     W. 

Harris.  Purposes.  Design.  Features 
of  operation.  C-4,  W-1700.  Vol.  IV, 
p.   606,  Nov.,  '07. 

(E)    T.   S.   Perkins.      AV-200,   p.    603. 

Circuit  Breakers — General — F.  W. 
Harris.  Method  of  operation;  multi- 
polar operation;  time  limit  features; 
calibration;  overload  capacity;  cur- 
rent-interrupting capacity.  C-2,  1-4, 
W-3  150.      Vol.   V,   p.    87,   Feb.,  '08. 

Circuit  Breakers — Carbon-Break — 
F.  W.  Harris.  Details  of  design; 
operation;  installation  and  care.  C-1, 
1-18,  W-3  700.  Vol.  V,  pp.  164,  216; 
Mar..    Apr.,    '08. 

(E)    \V-i;5  0.    I).    121. 

Circuit  Breakers — Oil — H.  G.  Mac- 
Donald.  General  and  detail  features 
of  various  commercial  types.  D-2, 
1-22,  W-6  000.  Vol.  V,  pp.  272,  326; 
Mav,   June,   '08. 

Question  Box — 94,  277,  301.  31S, 
393,    3;tS,    537,    6S9. 

Puses — Dean  Harvey.  Character- 
istics, standardization  and  types.  I- 
9.  C-3,  W-1900.  Vol.  Ill,  p.  159.  Mar., 
'06. 

(E)    T.   S.   Perkins.      W-500,   p.   125. 

Question   Box — 50.    323,   367,   442. 

Knife  Switches — Wm.  O.  Milton. 
Modified  forms.  D-1,  1-4,  W-2250. 
Vol.   IV,   p.   699.  Dec.   '07. 

Disconnecting-  Switches — Wm.  O. 
Milton.  Line  insulator  and  switch- 
board types.  General  features  of 
design  and  application.  1-7,  W-1  000. 
Vol.   V.   p.   47.   Jan..   '08. 

Question  Box — 479. 

Protective 

Prot>2ction  of  Electric  Circuits  and 
Apparatus  from  Lightning  and  Sim- 
ilar Disturbances — R.  P.  Jackson. 
Causes  and  effects.  Means  of  re- 
ducing troubles.  Selection  of  appa- 
ratus. Directions  for  specifying 
lightning  arresters  and  choke  coils. 
T-1,  C-1.  D-12,  1-14.  W-7  700.  Vol. 
V,  pp.  79,  156,  223;  Feb.,  Mar.,  Apr.. 
'08. 

The  Present  Status  of  Protective 
Apparatus  —  R.  P.  Jackson.  (E.) 
Comment  on  Proc  Nat.  El.  Light 
Assoc  W-700.  Vol.  III.  p.  363.  July, 
•06. 
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Operation,  Investlg'atln^  Iilg'litiiln^ 
Arrester  —  N.  J.  Neall.  Study  of 
lightning  arrester  operation;  results 
on  a  line  of  the  Utah  Light  and 
Power  Co.;  Importance  of  observa- 
tions. D-2,  1-15,  W-1400.  Vol.  II,  p. 
141,    Mch.,    '05. 

Arresters,  low  Voltag© — N.  J. 
Neall.  Types  for  direct  and  alter- 
nating current.  D-2,  1-9,  W-1700. 
Vol.   II,  p.   372,  June,  'OS. 

Arresters,  Eigrh  Voltage — N.  J. 
Neall.  D-1,  I-G,  W-2400.  Vol.  II,  p. 
4S2,   Aug.,   '05. 

lig'litnlug  Arresters  —  Multigap 
with  ground  shields — R.  B.  Ingram. 
C-6,  D-5,  W-1925.  Vol.  IV,  p.  215, 
Apr.,   '07. 

(E)    R.   P.   Jackson.     W-375,   p.    18S. 

Z:iectrol3rtic  I^ightuing'  Arrester — 
R.  P.  Jackson.  Description.  1-3,  W- 
1000.  Vol.  IV,  p.  469.  Aug.,  '07.  See 
also  p.  228,  Apr.,  'OS;  p.   623,  Aug.,  '10. 

Question    Box — 234,  345,  383,  462,  475 

Overhead  Grounded  Conductors — R. 
P.  Jackson.  Means  of  protection  of 
transmission  lines  against  abnormal 
stresses.  C-7,  W-1S25.  Vol.  VII,  p. 
833,  Oct.,  -10. 

Example  of  Danger  from  Poor 
Ground— R.  P.  Jackson.  I-l,  W-450. 
Vol.  V,  p.  291,  May,  'OS. 

Question  Box — 321,  492. 

Choke  Coils — N.  J.  Neall.  Theory 
and  advantages.  D-7,  I-IO,  W-2000. 
Vol.   II,  p.   603,  Oct.,   '05. 

Question  Box — 581. 

Development  and  Experiments — 
Arresters  —  N.  J.  Neall.  Protection 
against  static  discharges.  The  saw- 
tooth and  magnetic  blow-out  arrest- 
ers. Discovery  of  non-arcing  metals. 
See  (E)  by  Chas.  F.  Scott,  p.  62.  D- 
8,  1-7,  W-2000.  Vol.  II,  p.  30,  Jan., 
•OB. 


Foreign  Practice  —  Itightning  Ar- 
resters—N.  J.  Neal.D-10,  1-7,  W-2000. 
\o\.   II,   p.   754.  Dec,  '05. 

Choke  Coil  Protection  —  Oola 
Lightning  Arrester.  1-2,  W-400. 
Vol.  Ill,  p.   33,  Jan..  '06. 

Methods  of  installation  and  use  of 
resistance.  Cable  and  line  protec- 
tion. I-l,  D-13,  W-2300.  Vol.  Ill,  p. 
167,  Mar.,   '06. 

Question  Box — 475. 

Spark  Gap — The  Equivalent — N.  J. 
Neall.  D-2.  I-l,  W-2000.  Vol.  II,  p. 
224,    Aor.,    '05. 

Question  Box— 60,  62,  103,  137,  188, 
199,  259,  261,  411,  477,  47S,  497,  669, 
680. 


Synchroscopes 


Apparatus     for     Syncbronizing — 

Harold  W.  Brown.  Synchroscopes 
and  autoimatic  synchronizers.  One 
set  of  bus-bars;  two  sets  of  bus- 
bars; between  macliines.  D-11,  I-l, 
W-3^_00.      Vol.  V.   p.    530,   Sept..  '08. 

(E)  C.  H.  Sanderson.  W-725.  p.  490. 
Synchronizing  Devices — ^Paul  Mac- 
Ga-han  and  H  W.  Young.  Principles 
and  operation.  Inductor  type.  Lin- 
coln type.  Automatic  synchronizer. 
D-2,  1-5,  W-3650.  Vol.  IV,  p.  485, 
Sept.,  '07. 

(E)    P.   M.    Lincoln.      W-300,   p.    481. 

Synchronizer,     Automatic — Norman 

G.      Meade.       Operation;     explanation 

with  diagram.    D-3,  1-3,  W-2200.    Vol. 

II,   p.    294,   May,   '05. 

(E)    P.  M.   Lincoln,  p.   325. 
Synchroscope.   Functions   of  Instru- 
ment;  explanation  of  connections,   di- 
agrams.     D-2,    I-l,    W-600.      Vol.   I,    p. 
692,  Dec,  '04. 

Mechanical  Synchronizing — H.  S. 
Baker.  Example.  W-400.  Vol.  Ill, 
p.   652,  Nov.,  '06. 

(E)  Paul  MacGahan.  W-350,  p.  605. 
305,   370,  443,  479,   530. 
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Regulators  and    Controllers 

Automatic     vs.     Manual     Control — 

William  Cooper.  (E.)  W-800.  Vol. 
Ill,   p.    3,    Jan.,   '06. 

Alternating-Current  Potential  Beg- 
ulators — George  R.  Metcalfe.  De- 
scription and  principles  of  operation 
of  various  types.  C-2,  D-6,  1-7,  W- 
3  500.      Vol.    V,   p.   448,   Aug.,   '08. 

Question  Box — 320,   571,   624. 

Polyphase  Induction  Regulators — 
E.  E.  Lehr.  Connections;  primary 
and  secondary  phase  relations;  wind- 
ing and  connection  of  coils;  rules  for 
laving  out  and  cliecking.  D-9,  W- 
1625.      Vol.  VIII,  p.  1008.  Nov.,  '11. 

G.  H.  Garcelon.     D-2.  W-1200.     Vol. 

1,  p.   137,  Apr.,  '04. 

Induction  Regulator  Control — Clar- 
ence Renshaw.     For  use  on  cars.     D- 

2,  W-400.     Vol.  1,  p.  137,  Apr.,  '04. 
Voltmeter    Compensation    for    Drop 

In  Altemating-curront  Circuits — 
William  Nesbit.  Compen.^^ator  pro- 
vided with  adjustable  contacts  to 
compensate  for  line  resistance  and 
line  reactance.  T-1,  C-3,  D-5.  W- 
3500.     Vol.   V,   p.    26,    Jan.,   '08. 

(E)   Chas.   F.   Scott.     W-475,   p.   3. 

Question  Box — 559. 

Tirrill  Regulators — A.  A.  Tirrill. 
C-2,  D-7,  1-4,  W-1300.  Vol.  V,  p.  502, 
Sept.,  '08. 

(E)  K.  E.  Van  Kuran.     W-600,  p.  485. 


Question  Box— 438,  538,  576,  605, 
6111,    6S2. 

Testing'  Induction  Reg'uJators — C 
J.  Fay.  T-1,  D-3,  I-l,  W-600.  Vol 
III.   p.    652,   Nov.,  '06. 

Question  Box — 198. 

Potential  Regulation  for  Xiarge 
Electric  Purnaces — H.  R.  Stuart. 
Methods  used  in  manufacture  of 
graphite  and  carborundum.  D-1,  1-3. 
W-1800.     Vol.    Ill,   p.   212,   Apr.,   '06. 

Direct-Current  Motors  in  Industrial 
Service — D.  E.  Carpenter.  General 
description  of  switching  apparatus 
and  control  devices.  Connections. 
D-3,  I-S,  W-3275.  Vol.  VI,  p.  20,  Jan., 
'09. 

Control  of  Direct-Current  Elevator 
and  Hoist  Motors — D.  E.  Carpenter. 
Automatic;  semi-automatic  Safety 
devices.  1-6,  W-4275.  Vol.  VI,  p. 
107,  Feb.,  '09. 

Control     of     Direct-Current     Pump 
and    Compressor   Motors — D.    E.    Car- 
penter.    Float  type  and  pressure  type 
master  switches.     D-2,  1-3,  W-1450. 
Vol  VI,   p.    167.   Mar.,   '09. 

Control  of  Direct-Current  Machine 
Tool  Motors — D.  E.  Carpenter.  Means 
of  increasing  output.  D-3,  1-2,  W- 
1725.     Vol.  VI,  p.   2?.5.   Apr.,   '09. 

Control  of  Direct-Current  Motors 
in  Steel  and  Iron  Mills — D.  E.  Car- 
penter. Control  of  mill  cranes  and 
hoists,  ore  bridges.  D-2,  1-5,  W-1725. 
Vol.  VI,  p.   288,  May,  '09. 


Regulation  and  Control— Electro-Chemistry 


Control  of  Direct-Current  Motors 
Operating'  Open-Hearth  Tilting-  Pur- 
naces — I.  Deutsch.  At  the  South 
Side  Works  of  the  Jones  and  Laugh- 
lln  Steel  Co.  Parallel  operation  of 
motors.  D-1,  1-6,  W-2075.  Vol.  VI, 
p.   362.   June.   '09. 

Mag-net  Switch  Control  for  Engine 
and  Car  Wheel  Lathes — J.  H.  Klinck. 
D-1,  1-4.  W-1550.  Vol.  VII,  p.  478, 
June.    '10. 

Automatic  Pump  Governor  and  Wa- 
ter level  Regiilator — A.  C.  Laslier. 
D-1,  W-1125.  Vol.  VIII,  p.  1121.  Dec, 
'11. 

Electro-Fneujnatic  System  of  Train 
Control — P.  C.  McNulty,  Jr.  Advan- 
tages; use  of  compressed  air.  D-4, 
1-7,  W-3800.      Vol.  II,  p.  207,  Apr.,  '05. 

Question  Box— 35,  58,  146,  158,  163, 
194,    236,   268.   284. 

Electro  -  Pneumatic  Control  for 
Iiuxg9  Direct-Current  Motors — H.  D. 
James.  Description  of  apparatus 
and  operation.  D-1,  1-4,  W-1900. 
Vol.  IIL   p.  23,   Jan.,   '06. 

Direct-Current  Railway  Motor  Con- 
trol— William  Cooper.  Methods,  con- 
nections, apparatus.  Multiple  unit 
control.  1-6,  D-5,  C-I,  W-5000.  VoL 
III.   p.   127.   Mar..  '06. 

"Unit  Switch  Control  for  Light  Car 
Eciuipments — Karl  A.  Simmon.  De- 
scription of  simplified  hand  operated 
type  of  control.  Multiple  operation. 
Advantages  in  service.  D-6,  1-14,  W- 
2725.      Vol.  VII,  p.    802,  Oct.,   '10. 

(E)  Clarence  Renshaw.  W-500,  p. 
741. 


Single-Phase     Car     Control — R.     P. 

Jackson.  Description  of  system  and 
apparatus;  diagrams.  D-2,  1-9,  W- 
2400.     Vol.  II,  p.   525,   Sept.,  '05. 

Single-Phase  Control,  Diagrams — 
R.  P.  Jackson.  Standard  equipment; 
hand  control;  multiple-unit  opera- 
tion. See  (E))  by  Chas.  P.  Scott,  p. 
771.  D-2,  W-300.  Vol.  II,  p.  762, 
Dec.  '05. 

Question  Box — 52,  413,  499,  505,  619. 

Rheostats 

Resistance     Device,     Variable. 

Method  for  racks  or  lamps;  finer  ad- 
justment of  re.sistance;  connections. 
D-1,  W-250.     Vol.  I,  p.  247,  May,  '04. 

SUde  Wire  Resistance.  Convenient 
resistance  for  fine  adjustments,  in 
instrument  testing.  I-l,  W-400. 
Vol.  II,  p.   58,  Jan.,  '05. 

Starting  Rheostats,  Maximum  and 
Minimum  Release.  Diagram  of  con- 
nections and  explanation  of  action. 
W-150.      Vol.   II,  p.    192,   Mar.,   '05. 

Synchronizing  Rheostats.  DltlL- 
culty  In  synchronizing  with  starting 
motor.  Description  of  synchronizing: 
rheostat;  method  of  use.  Vol.  I,  p. 
302,    June,    '04. 

Emergency  Induction  Motor  Con- 
trollers— Gordon  Kribs.  Water  rheo- 
stats used  for  secondary  resistance. 
W-500.     Vol.   VI.  p.   53,  Jan.,  '09. 

Question  Box — 111.  199,  220,  233, 
300.   3.04,   427,  516,   630,   681,   686. 


UTILIZATION 

ELECTRO=CHEMISTRY 


Applied  Chemistry,  Examples — 
James  M.  Camp.  President's  address, 
Engineers'  Society  of  West.  Penn'a, 
W-1500.      Vol.    II,    p.    700,    Nov.,   '05. 

Electro-Chemical  Industry  —  P.  M. 
Lincoln.  Products  of  electric  fur- 
nace and  electrolytic  action.  W-500. 
Vol.   Ill,   p.    182,   Apr.,  '06. 

Developments  in  Electro-Chemistry 
— Chas.  P.  Scott.  (E)  Combination 
of  two  sciences.  Usefulness  usually 
dependent  on  cheap  electric  power. 
W-610.    Vol.   VIT.  p.   425,   June.   '10. 

Electric  Pumaces — William  Hoopes. 
Principles  and  features  of  design, 
operation  and  commercial  application. 
C-1.  1-12,  W-3900.  Vol.  VI.  p.  221, 
Apr..   '09. 

(E)   W-G50,  p.  194. 


Electric  Welding-  —  C.  B.  Auel. 
Various  methods  described;  Benar- 
dos  process  In  detail.  Method  of 
making  welds.  Results.  D-1,  1-8, 
W-4  550.     Vol.  V,  p.   18,  Jan.,   '08. 

(E)  Alexander  Taylor.      W-375,  p.  2. 

Question  Box — 248,  544,   551. 

Incandescent  Welding- — C.  B.  Auel. 
LaGrange-Hoho  and  Thomson  Pro- 
cesses; based  on  resitance  principle. 
Industrial  applications.  T-3,  C-1, 
D-3,  1-24,  W-1625.  Vol.  VII,  p.  430, 
June.  '10. 

Standard  Cells. 

Question   Box — 60S. 


LIGHTING 


Growth  of  Incandescent  Lighting 
Industry— G.  P.  Scholl  (E).  W-925,  p. 
27.      Vol.  VIII,   Jan..   '11. 

Efficiency  In  Illumination — Arthur 
J.  Sweet.  Visual  perception,  distri- 
bution; light  sources.  T-2.  C-3,  W- 
3950.     Vol.  VI,  p.  156,  Mar.  '09. 

(E)  Chas.  P.  Scott.  The  bearing  of 
tungsten  lamps  on  the  illumination 
situation.      W-900.      P.    129. 

Cost  of  IllTxmination — Max  Harris. 
Factors  involved;  maintenance;  in- 
vestment. T-3,  W-3050.  Vol.  VI,  p. 
339,  June,  '09.  (See  correction,  p.  448, 
July,  '09. ■> 

Question  Box — 525. 


Solution   of   Illumination   Problems 

— Arthur  J.  Sweet.  Discussion  of 
typical  problems,  giving  formulae 
and  distribution  curves.  C-5,  D-5, 
W-3875.      Vol.   VI,  p.    662,   Nov.,  '09. 

(E)  Chas.  P.  Scott.  W-525.  P. 
711,   Dec,  '09. 

The  Illuminating  Situation — Percy 
H.  Thomas  (E).  W-57B.  Vol.  IV,  p. 
541,   Oct.,  '07. 

Street  Illumination — C.  E.  Steph- 
ens. Source,  intensity,  and  distribu- 
tion of  light  flux.  Typical  distribu- 
tion curves.  C-5,  W-3150.  Vol.  VI, 
p.   353,  June,  '09. 

Question  Box — 482. 
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Aro  Iilglitiiig'— R.  H.  Henderson. 
Details  of  lamps  of  various  commer- 
cial types.  D-4,  I-l,  W-3300.  Vol. 
III.   p.   265.  May,   '06. 

Question  Box — 532. 

Metallic  Flame  Arc  ^amp — C.  K. 
Stephens.  Development.  Design. 
Construction.  Results  obtained.  D- 
8,  1-2,  W-2800.  Vol.  IV,  p.  B47,  Oct., 
•07. 

Iniproveinents  in  Street  Iiig-hting' 
TTnits — Dudley  A.  Bowen.  Distribu- 
tion and  candle-power  curves  of  vari- 
ous arc  lamps.  Analysis  of  losses  in 
distribution.  Details  of  new  metallic 
flame  arc  lamp.  C-2,  D-2,  1-3,  W- 
1325.     Vol.  VII,  p.   412,  May,  '10. 

Mysterious  Surging  of  Arc  Circuits 
— Leonard  Work.  Trouble  traced  to 
defective  regulator  and  short-circuit- 
ed resistance  in  lamps.  W-1125.  Vol. 
VII,   p.    840,   Oct.,  '10. 

Tungfsten  Iiamp  in  Street  Ijig'hting- 
— C.  E.  Stephens.  Intensity  of  illu- 
mination required.  Production  at 
iminimum  cost.  Distribution.  Dif- 
fusion. Series  regulator.  Ornament- 
al poles.  T-1.  C-1,  1-5,  W-2650.  Vol. 
VII,   p.    594,   Aug.,   '10. 

Tungsten  Illumination — Arthur  J. 
Sweet.  Rules  for  application  of 
lamps  and  reflectors.  (See  ed.,  p. 
711).  T-5,  D-10,  W-2525.  Vol.  VI,  p. 
740,  Dec,  '09. 

New  Perm  of  Tungsten  lamp — 
Chas.  F.  Scott.  Improvements;  use 
of  continuous  wire  type  filament  and 
flexible  terminal  connections.  Me- 
chanical tests.  T-1,  D-2.  1-4,  W-2425. 
Vol.  VII,  p.   469,  June,  '10. 

New  Method  of  Latoeling-  Tungsten 
Iiamps — B.  F.  Fisher,  Jr.  Three 
voltage    method.      T-1,    W-1375.      Vol. 

VII,  p.   212,  Mar.,  '10. 
Question  Box— 380,  381.  464. 
Notes   on   Pactory   lighting^C.    E. 

Clewell.  Candle-power  ranges  and 
relative  efllciencies  of  various  com- 
mercial unii-s;  selection  and  installa- 
tion of  units.      D-3.   1-6,  W-3S75.    Vol. 

VIII,  p.  278.  Mar.,  '11. 
Question  Box — 586. 

Pactory  Iiighting  Problems — C.  E. 
Olewoll.  T-1.  C-2.  D-4  1-5,  W-3800. 
Vol.  VIII,  p.   494.   June.  "11. 

(E)   C.   B.  Auel.      W-600.     p.   485. 

Operation  and  Maintenance  of  Pac- 
tory Lighting— C.  E.  Clewell.  T-3,  C- 
4  D-2,  I-fi.  W-2525.  Vol.  VIII,  p. 
1082.  Dec,  '11. 

Physical  Characteristics  of  Tung- 
sten Lamps  —  J.  Franklin  Meyer. 
T-1,  C-6,  D-1,  W-1750.  Vol.  VIII,  p. 
529,   June,   '11. 

INTELLIGENCE 

Telegraphy 

"WirelesB  Telegraphy,  The  Status 
ta — S.  M.  Kintner.  Necessary  ap- 
paratus; production  and  action  of 
electro-magnetic  waves,  the  coherer 
and  method  of  operation;  Fessen- 
den's  liquid  baretter.  Arrangement 
and  operation  of  apparatus.  D-2,  W- 
1700.     Vol.   I.  p.   270.   June,   '04. 

Question  Box — 2fi8.   517. 
Telephony 

Une  on  Power  Line  Poles — Allan 
E.  Ransom.  Construction;  protec- 
tion. W-300.  Vol.  II,  p.  681,  Nov., 
•05. 


Incandescent   Lamp   in   TTse — B.    F. 

Fisher,  Jr.  Curves  of  most  econom- 
ical efficiency.  C-4,  W-2450.  Vol. 
VIII.  p.   547.  June,  '11. 

Power  House  Lighting — C.  E.  Cle- 
well. D-3.  I-S,  W-2750.  Vol.  VIII, 
p.    783.      Sept.,  '11. 

(E)  Photographs  as  Gauge  of  Illu- 
mination— Chas.   R.  Riker.     W-S50,  p. 

Office  Lighting — C.  E.  Clewell. 
Notes  on  experiments  to  determine 
proper  arrangement  and  number  of 
lamps.  Conclusions.  T-1,  D-3,  W- 
2700.     Vol.  VII,  p.  S52,  Mav,  '10. 

(E)    Chas.   F.   Scott.     W-S75,   p.   333. 

Lighting  of  Small  Offices — C.  E. 
Clewell.  Suitable  size,  number  and 
arrangement  of  lamps;  cost.  (See  ed., 
p.  485.)  T-2,  D-6,  I-l,  W-2400.  Vol. 
VIII,   p.   537,  June,  '11. 

Drafting  Room  Lighting — C.  E. 
Clewell.  Notes  on  experiments  to  de- 
termine proper  intensity,  arrange- 
ment and  number  of  lamps.  D-9,  I-l, 
W-1975.     Vol.  VII.  p.   956,  Dec,   '10. 

Historical  Bxhibit  of  Lamps. 
Sources  and  costs  of  light.  W-250. 
Vol.  VII,  p.   983,  Dec,  '10. 

(E)  Chas.  F.  Scott.  From  torch 
to  tungsten.  The  ideal  lamp.  W- 
1250,  p.  925. 

Reflectors  for  Incandescent  Lamps 
— Thomas  W.  Rolph.  Advantages  of 
reflectors.  Considerations  regarding 
their  use.  T-3,  C-5,  D-2,  W-3050. 
Vol.  VII.  p.  341,  May,  '10. 

(E)    Chas.   F.   Scott.      W-875,   p.   333. 

Logic  of  Pree  Lamp  Renewals — 
H.  N.  Muller.  Poor  light  complaints: 
A  central  station  problem.  How  it 
was  solved  by  the  Allegheny  County 
Light  Co.,  Pittsburg,  Pa.  C-4,  1-4, 
W-2  700.      Vol.    V,    p.    143,   Mar.,   '08. 

Candle  Power  Variation  of  Incan- 
descent Lamps  at  25  Cycles — P.  O. 
Kellholtz  and  B.  Harrison  Branch. 
Authors'  experiments  explained  and 
results  compared  with  those  of  Janet 
and  Leonard.  T-4,  C-3.  D-1,  W-3000. 
Vol.  III.  p.   222.   Apr.,  'OS. 

(E)   Chas.   F.  Scott.    W-lonO,  p.  183. 

35  Cycle  Lighting  In  Buffalo— H. 
B.  Alverson.  W-1700.  Vol.  Ill,  p.  231, 
Apr..    '06. 

Mercury  Vapor  (Tube)  Light  vs. 
Other  Porms — Percy  H.  Thomas. 
(E. )  Distribution  and  effect  upon  the 
eve.  W-1000.  Vol.  Ill,  p.  121.  Mar., 
'06. 

American  Association  for  the  Con- 
servation of  Vision — E.  L.Elliott  (E). 
W-T2r,.   V.il.  VIII,  p.   488.  June,  '11. 

(E)   C.   B.  Auel.      W-600,  p.   45. 

Question  Box— 86.  109.  194,  228, 
257.   269,   409.   410,   414. 

TRANSMISSION 

Telephone  and  Power  Circuits  on 
Same  Poles — G.  W.  Appier.  Construc- 
tion, eliminating  Induction  and  cross- 
ing with  power  lines.  D-1,  W-100. 
Vol.  II.  p.  578.  Sept..  '01. 

Telephone,  The  Modem  —  S.  P. 
Grace.  Physical  principles;  develop- 
ment: auxiliary  apparatus;  its  use; 
switchboards.  D-4.  1-12,  ■W-4000. 
Vol.   I,  p.    317.  July,   '04. 

Telephone  Bngineering  —  Chaa.  F. 
Scott.  (E.)  General  scope  of  the 
problem.  W-600.  Vol.  Ill,  p.  128, 
Mar.,  '06. 

Question  Box— 234,  238,  242.  289, 
434,   547.   609. 
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POWER 


General 


Fundamental  Reasons  for  Use  of 
Electricity — Chas.  F.  Scott.  \V-5050. 
Vol.    VI,    p.    649,   Nov.,   '09. 

Water  Power  Eig-hts — Chas.  F. 
Scott.  (E)  Discussion  of  action  of 
N.  E.  L.  A.  Review  of  address  by- 
Mr.  J.  H.  Finney  at  American  Elec- 
trochemical Society  Convention, 
Pittsburg-.    Mav,    1910.      W-800.       Vol. 

VII,  p.    503,   July,    '10. 
Conservation    of    Power    Resources 

— Chas.  F.  S'cott.  (E)  Notes  with 
reference  to  proposed  federal  legis- 
lation.  W-S50.  Vol.  V.  p.  122.  Mar.,  'OS. 

Comments  on  a  brief  by  Mr.  Put- 
nam. Chas.  F.  Scott  (E).  W-725. 
Vol.  V,  p.  486,  Sept.,  '08. 

Water  Power  and  National  Conser- 
vation— Chas.  F.  Scott  (E).  Review 
of  A.I.E.E.  paper  by  Mr.  L..  B.  Still- 
well  on  "Electricity  and  the  Conser- 
vation of  Energy."  W-750.  Vol.  VI, 
p.   325,  June,   '09. 

Conservation  of  Water  Powers — 
Sidney      Z.       Mitchell.      W-2S75.      Vol. 

VIII,  ^p.   424,   Mav.  '11. 

(E)   Clias.  F.  Scott,      p.   415. 

Cost  of  Motor,  Power  and  Product 
— Chas.  F.  Scott  (E).  Necessity  of 
analyzing  conditions  to  determine 
relative  importance  of  these  factors. 
W-1200.      Vol.   VI,   p.    S21.   June,   '09. 

Rate  Making-  for  Public  Utilities— 
The  Madison  Case — Percy  H.  Thomas. 
Valuation  of  property.  Depreciation. 
Reasonable  rates.  Rates  specified  by 
commission.  W-6075.  Vol.  VII,  p. 
560.   July,   '10. 

(E)    ("has.   P.    Scott.     AV-1400.   p.   499. 

Standard  Apparatus  on  Standard 
and  Special  Frequencies — Rudolfh  E. 
Hellmund.  C-3,  W-4750.  Vol.  VII, 
p.   680,   Sept.,  '10. 

(E)   R.   S.  Feicht.     W-450,  p.   666. 

Central  Station  Industrial  Engi- 
neering'— John  C.  Parker.  Line  of 
attack.  Reports  to  customers.  De- 
termining power  requirements  and 
meeting  conditions.  Exhaust  steam 
heating.  W-7025.  Vol.  VII,  p.  127, 
Feb.,  '10. 

(E)    W.B.Wilkinson.    W-825,  p.  93. 

Sug-g-estions  to  Central  Stations  for 
New  Business  Campaigns — TS'.  B. 
Wilkinsun  lE).  W-625.  Vol.  VIII, 
p.    115,    Feb.,   '11. 

Profitable  Day  i;oads — S.  A.  Fletch- 
er. Suggestions  for  improving  the 
load-factor  of  central  stations.  W- 
2350.     Vol.  VI,   p.   370,   June,  '09. 

Securing  Off-the-Peak  I^oad — Harry 
G.  Glass.  (E)  Essential  points  for 
consideration  by  central  stations. 
W-1025.     Vol.  VII,  p.   850.  Nov.,  '10. 

Securing  Factory  Iioad  for  Central 
Stations — -Luther  P.  Perry.  Conve- 
nient forms  for  use  of  central  station 
solicitors.  C-1,  D-1,  W-4650.  Vol. 
VIII,   p.   612.  July,  '11. 

(E)   S.  A.   Fletcher,      p.   591. 

Relation  of  Iioad  to  Station  Equip- 
ment— P.  D.  Newbury.  Requirements 
of  generators  as  regards  k.v.a.  and 
flelci  capacity  for  loads  of  various 
power-factors.  T-1,  W-1600.  Vol. 
VIII,  p.  623,  July.  '11. 

Estimating  Electric  Power  Costs — 
Chas.  R.  Riker.  By  use  of  chart. 
Usefulness  of  card  index  record.  C-2, 
W-1875.     Vol.  VIII,  p.  189,  Feb..  'H. 


Recording  Conditions  of  Operation 
with  G-rapliic  Meters^ — See  Meters,  p.  7. 

(E)   An  EloL-trio  Supervisor,      p.  415. 

Selling  Current  in  Cities  of 
Twenty  Thousand  Inhabitants  —  H. 
C.  Ayers.  W-1900.  Vol.  Ill,  p.  353, 
June,   '06. 

Impressions  of  the  West,  1898-1909 
— Chas.  F.  Scott  (B).  Notable  elec- 
trical developments  In  transmission 
and  Industrial  fields.  W-1725.  Vol. 
VI.   p.    642.   Nov..   '09. 

Question  Box — 210. 

Motors  and  Their  Application 

(See also  Regulatlou  and  Control  p.  22) 

Application   of   Electric   Motors — S. 

E.  Nicholson  (E).  Comments  on  the 
growth  of  electric  drive  in  industrial 
establishments  and  results  obtained. 
W-925.      Vol.   VIII.  p.   113,  Feb..   '11. 

Advantages  of  the  Electric  Drive — 
J.  Henry  Klinck.  In  its  application 
to  railway  repair  shops.  W-1725. 
Vol.   IV,  p.  341.  June.  '07. 

Electric  Motor  Applications  —  J. 
Henry  Klinck.  Selection  of  motors; 
methods  of  control;  three-wire  dia- 
gram. D-1.  1-19,  W-3800.  Vol.  II,  p. 
556,    Sept.,   '05. 

Industrial  Engineering — ^H.  W.  Peck. 
Methods  of  investigating  power  re- 
quirements for  application  of  motor 
drive  in  industrial  work.  1-7,  W- 
3525.      Vol.  VI,  p.   83,  Feb..  '09. 

(E)   J.  Henry  Klinck.    W-425.  p.   65. 

Co-Operation  in  Developing  Indus- 
trial Motor  Field — ^Harry  G.  Glass.  A 
combined  engineering  and  commer- 
cial problem,  requiring  sound  engi- 
neering and  effective  presentation  of 
economics  and  advantages  of  electric 
service.  W-1600.  Vol.  VII,  p.  884, 
Nov.,   '10. 

Investigating  Manufacturing  Oper- 
ations -ryilh  Graphic  Meters — C.  W. 
Drake.  Means  of  determining  eco- 
nomics ■  of  various  operations  and 
character  of  load.  C-6,  1-2,  W-2300. 
Vol.   VII,  p.    536,   July,  '10. 

Question  Box — ."77. 

Effect  of  Starting  Currents  on  Pow- 
er Circuits — J.  ^\■.  Fox.  Starting  con- 
ditions in  eiiUon  mill  work  with  squir- 
rel cage  motors.  C-2,  ■W-1575.  Vol. 
VIII,   p.   77s,  Sept.,  '11. 

AuxiUary-Pole  Motors  and  High 
Speed  Steel — J.  M.  Barr  (E).  W-500. 
Vol.   Ill,  p.   301.  June.   '06. 

Classification  of  Motors  According 
to  Characteristics — J.  M.  Hippie.  An 
aid  to  intelligent  application.  T-1, 
W-1225.      Vol.   VI.   p.    498.   Aug.,   '09. 

Dynamic  Braking — Henry  D.  James. 
Application,  advantages  and  limita- 
tions. D-4.  1-3,  W-2100.  Vol.  VI,  p. 
241.   Apr.,  '09. 

AppUcatlon  of  the  Auxiliary-Pole 
Type  of  Motor — J.  M.  Hippie.  D-2, 
I-l.  W-1500,    Vol.  III.  p.  348,  June. '06. 

Drives,  Direct-Current  Systems  of 
Electric  —  W.  A.  Dick.  Constant 
speed  systems;  disadvantages.  Vari- 
able speed  systems;  advantages. 
Five  systems;  diagra-ms  of  circuits. 
D-7.  1-13,  W-2200,  Vol.  I,  p.  251, 
June,  '04. 
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Motor  Applications 


Cascade  vs.  Single  Multi-Speed  In- 
duction Motors — H.  C.  Specht.  W- 
2250.      Vol.  VI,   p.   492,   Aug.,   '09. 

Mechanical  Considerations  —  C.  B. 

Mills.  In  connection  with  industrial 
motor  applications.  T-1,  C-2,  W- 
2275.      Vol.  VI,   p.   281,  May,  '09. 

SFECinC   APPLICATIONS. 

Some  Phases  of  Electric  Power  in 
Steel  Mills — Chas.  F.  Scott.  Remov- 
al of  limitations;  cost  of  power  and 
of  motors;  selection  of  motors;  use 
of  alternating-current;  power-factor. 
W-3700.     Vol.  VI,  p.   722,Dec..  '09. 

Electricity  in  Steel  Industry- 
Brent  Wilev  (E).  W-1350,  p.  34. 
Vol.  VIII,  Jan..  '11. 

Electric  Drive  of  Kolling'  Mill — 
Illinois  Steel  Company — W.  A.  Dick. 
D-2,  I-ll,  W-2  850.  Vol.  V,  p.  66, 
Feb.,  '08. 

(E)  B.  Wiley.     W-S50,  p.  61. 

Motors  for  Driving'  Main  Rolls  of 
Steel  Mills — Brent  Wiley.  Discus- 
sion of  economies  and  refinements 
made  possiiDle  througli  use  of  electric 
drive.  C-2.  D-6,  1-3,  W-2350.  Vol. 
VIII,   n.   144,   Feb..  '11. 

The  Boll  Motors  of  an  Electrically 
Operated  Kail  Mill — B.  Wiley.  A  de- 
scription of  rail  mill  No.  3,  Edgar 
Thompson  Steel  Works.  D-4,  1-2,  W- 
1500.      Vol.   Ill,  p.  456,  Aug.,  "06. 

(E)   C.  S.  Conk.      TV'-600,  p.   421. 

Power  Requirements  of  Steel  Tube 
Mill — A.  G.  Ahrens.  Service  require- 
ments of  motors  for  electric  drive. 
C-7,  D-3,  1-10,  W-2S50.  Vol.  VIII,  p. 
1051,  Dec,  '11. 

Iron  and  Steel  Mills — EquallioT 
Systems — W.  Edgar  Reed.  C-1,  D-1, 
W-21&0.      Vol.  IV,  p.   685.  Dec,  '07. 

Electricity  in  Mining — F.  C.  Al- 
brecht.  Application  of  electricity  to 
various  phases  of  operation.  W- 
2350.     Vol.  VI.  p.   502.  Aug..  '09. 

(E.>      W-475,   p.    203. 

Operation  of  Mine  Hoists — C.  V. 
Allen.  Analysis,  by  means  of  tests 
on  a  specific  installation,  of  method 
of  operating  fluctuating  hoist  load 
with  uniform  load  on  power  house. 
C-5.  1-6.  W-2675.  Vol.  VI,  p.  327, 
June.   '09. 

(E)   W.   A.   Dick.      W-450,   p.   324. 

Question  Box — 324. 

Electrical  Applications  in  Mining 
Work — C.  V.  Allen.  Mining  methods 
in  Mexico.  1-13,  W-6775.  Vol.  VII, 
p.   46,  Jan..  '10. 

(R.)      W-750,    p.    14. 

Developments  in  Mining  and  Pump- 
ing— W.  A.  Thomas  CE}.  W-650,  p. 
44.      Vol.    VITI.    Jan..    '11. 

Factory  Power  Costs — H.  H.  Hold- 
ing. Investment  cost;  labor  cost;  load 
factor  a  determining  condition.  T-4, 
C-5,  D-1.  W-3150.  Vol.  VIII,  p.  558, 
June.  '11. 

Industrial  Motor  Applications — D. 
E.  Carpenter  (E).  W-1200,  p.  31. 
Vol.  VIII.  Jan..  '11. 

Electric  Power  for  Industrial  Con- 
cerns— J.  H.  Klinck  (E").  Advantages 
of  central  station  power.  W-575,  p. 
48.      Vol.  VIII,  Jan.,  '11. 

Application  of  Motors  to  Machine 
Tools — J.  M.  Barr.  Classes  of  ma- 
chines; advantage  of  variable  speed 
motor;  speed  curves;  formulae  for 
power  required.  C-1.  1-3,  W-1400. 
Vol.   II,  p.    11,   Jan.,  '05. 


Cost  of  Operating  Machine  Tools — 

A.  G.  Popcke.  Fixed  charges;  varia- 
ble charges;  salaries;  interest  and 
depreciation.  T-1,  C-1,  W-1452.  Vol. 
VI.  p.   757,   Dec.  '09. 

Boring  Mill  Drive — J.  H.  Klinck. 
Combinations  of  adjustable  speed 
motor  and  speed  box.  T-3,  1-4,  W- 
1475.      Vol.   VIII.  p.   137,   Feb..  '11. 

Analysis  of  Motor  Drive  by  Graph- 
ic Recording  Meters — A.  G.  Popcke. 
Improvements  in  machine  tool  oper- 
ation, saving  in  power  and  better- 
ment of  shop  organization  by  this 
method.  C-2,  1-3,  W-2050.  Vol.  VI, 
p.    674,   Nov.,   '09. 

Steam  Engine  vs.  Motor  Drive  for 
Small  Machine  Shops — A.  G.  Popcke. 
Economy  and  other  advantages  of 
motor  drive  in  power  buildings  op- 
erated bv  owner  and  in  shops  oper- 
ated by  tenants.  Operating  costs.  T- 
2,  W-2125.    Vol.  VII,  p.  624,  Aug..  '10. 

Iiine  Shaft  and  Individual  Motor 
Drive — A.  G.  Popcke.  T-2,  W-2150. 
Vol.  VII.  n.   68.  Jan..   '10. 

Comparisons  of  G-roup  and  Indi- 
vidual Drive — A.  G.  Popcke.  Method 
of  investigating  machine  shop  condi- 
tions. T-3.  C-2,  D-1,  W-2175.  Vol. 
VIII,   p.   999,  Nov.,  '11. 

(E)  Chas.  R.  Riker.  Friction  Loss 
at  Full  Load.     W-775,  n.  971. 

(E)  Chas.  P.  Scott.  Industrial  Mo- 
tors vs.  Shafting  and  Belts.  W-825, 
p.    1045.   Dec.   '11. 

Motor  Operated  Engine  and  Car 
Wheel  lathes— J.  H.  Klinck.  Fea- 
tures of  motor  drive.  Suitability  of 
magnet  switch  control.  Dynamic 
braking.  D-1,  1-4,  W-1550.  Vol.  VIL 
p.    478,   June,   '10. 

Electricity  in  lumbering  in  the 
KTorthwest— A.  A.  Millor.  (K.)  W- 
1100.      Vol.   ^'II,    p,    .''.89.   Aug.,   '10 

Electrically  Operated  Shovels — W. 
H.  Patterson.  Description  of  equip- 
ments, method  of  control,  operating 
costs  showing  advantages  of  motor 
operation.  T-1,  D-1,  1-5,  W-1525. 
Vol.  VII.  p.  853,  Nov..  '10. 

Dredging  on  Puget  Sound — Allen 
E.  Ransom.  Application  of  induction 
motors  to  operation  of  hydraulic 
dredge  and  centrifugal  pumps.  D-1, 
1-9,  W-1425.  Vol.  VII.  p.  187,  Mar., 
'10. 

CE)   'W.    A.   Thomas.      W-525,   p.   181. 

Examples  of  Multi-Speed  Induc- 
tion Motor  Drive — H.  C.  Specht. 
Steel  mill,  pump  and  blower,  and  rail- 
wav  applicntions.  D-4.  1-3,  W-3000. 
Vol.   VT,   p.   731,   Dec,  '09. 

Electric  Drive  for  Oil  Wells — W.  F. 
Patton.  D-2.  1-5,  W-6100.  Vol.  VIII, 
p.  357.  Anr..  '11. 

Irrigation  by  Electric  Power — Allen 
E.  Ransom.  Discussion  of  various 
methods.  1-5,  W-2050.  Vol.  VIII,  p. 
121.    F.-h..   '11. 

Electrically  Operated  Turn  Tables 
— E.  C.  Wayne.  Power  Requirements. 
Cost  data,  showing  advantage  of  mo- 
tor over  hand  operation.  C-2.  T-6,  W- 
1850.      Vol.  VII,  p.   963,  Dec,  '10. 

Motor  Applications  in  the  Textile 
Indiistry — Albert  "VValton.  Review  of 
operating  conditions.  Investigation 
of  individual  drive.  I-IO,  W-1925. 
Vol.  VITI.  p.   238.  Mar..  '11. 

Hydro-Extractors  in  Textile  Mills^ 
Albert  T\"alton.  Methods  of  operation; 
advantages  of  electric  drive.  1-2,  W- 
1425.      Vol.  VIII,  p.  707,  Aug.,  '11. 
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Textile  Type  Motors — Albert  Wal- 
ton. 1-5,  W-2550.  Vol.  VII,  p.  888, 
Nov.,    -10. 

(E.)      W-525,   p.    849. 

Motor  Drive  for  Biscuit  Factories 
— V.  L.  Board.  T-1.  1-7,  W-2100. 
Vol.   VIII,   1014,  Nov.,  '11. 

Electric  Drive  for  Water  Works  in 
Bural  Districts — H.  W.  Smith.  1-2, 
W-2000.      Vol.    VIII,   p.    701,   Aug,   '11. 

Electric  Elevator  —  Henry  D. 
James.  Application;  advantages  and 
disadvantages;  auxiliary  apparatus. 
1-8,  W-2800.      Vol.  I,  p.    187,   May,   '04. 

Induction  Motor  for  Elevators — 
Henry  D.  James.  W-300.  Vol.  I,  p. 
197,    May.    '04. 

Alternatingr-Current  Motors  for  El- 
evator Service — A.  G.  Popcke.  Selec- 
tion of  suitable  motor  by  means  of 
charts.  T-1,  C-2,  W-1500.  Vol.  VIII. 
p.   716,  Aug.,  '11. 

Direct  Traction  Electric  Elevators 
— P.  Hymans.  Description  of  instal- 
lation in  Oliver  Building,  Pittsburgh, 
Pa.  D-3,  1-9,  W-5700.  Vol.  VIII,  p. 
509,  June,   '11. 

(EI)   P.  E.  Town.      p.   486. 

Altematingr-Current  Elevator  Mo- 
tors— W.  H.  Patterson.  C-2,  1-4,  W- 
1525.      Vol.  VIII,  p.   154,  Feb.,  '11. 

Motor  Drive  in  Laundries — R.  D. 
Nye.  Description  of  a  tyical  laundry 
equipped  with  electric  motor  drive. 
1-6,  W-ISOO.     Vol.  VIII,  p.  160,  Peb.,  '11. 

Motor  Drive  in  Pottery  and  Tile 
Manufactories — A.  K.  Rickards.  Ap- 
paratus and  manufacturing  methods. 
1-8,  W-2813.  Vol.  VIII,  p.  168,  Peb., 
•11. 


Portland    Cement    Industry — C.    W. 

Drake  (E).  W-75o,  p.  40.  Vol.  VIII, 
Jan..   -11. 

Electrical  Features  of  an  Up-to- 
date  Newspaper  Plant — E.  B.  Breed. 
Description  of  equipment  of  "The 
Pittsburgh  Press."  (See  article,  "Ma- 
trix Driers,"  p.  619.)  T-1,  C-2,  D-1, 
1-5,   W-4625.      Vol.   VIII,   p.    596.   July. 

('e)    H.   N.   Muller.      p.   594. 

Paper  Macliines  with  Motor  Drive 
C.  W.  Drake.  1-6,  W-2700.  Vol.  VIII, 
p.    128,  Feb.,  '11. 

Small  Motor  Applications — Bernard 
Lester.  1-24,  W-2500.  Vol.  VIII,  p. 
177.   Feb.,  '11. 

Tlie  Electric  Vehicle  —  Hayden 
Fames.  T-1,  T-2,  W-3S00.  Vol.  Ill, 
p.  280,  May,  '06. 

(E)    Chas.   P.    Scott. 

Power  Requirements  of  Specific 
Applications — 

Question   Box — 402,    403,   502.    652. 

Question  Box — 119,  172,  22  7,  245, 
253,    263,   35S,   4S5,   511,   528,   674. 

Heating   Apparatus 

Electrically  Heated  Matrix  Driers — 

Frank  Thornton,  Jr.  (See  od.,  p.  595.) 
C-1,  I-l,  W-llOO.  Vol.  Vlll,  p.  619, 
Julv,   '11. 

Question  Box — 359,  5S0. 

Magnets 

A  Chart  for  Use  in  Magnet  DeslgTi- 
Ing — L.  P.  Howard.  D-1,  W-1200. 
Vol.    III.   p.    408,   July,   '06. 

Question  Box — 224,  270,  287,  289. 
310,    385,    417,    438. 
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Electrification  of  Railways — Georg'e 

Westinghouse.  Imperative  need  for 
universal  system.  Comparison  of 
systems  of"  railway  electrification. 
T-1,  D-12,  W-6600.  Vol.  VII,  p.  506, 
July,  '10. 

Data  on  Electric  Railways  (Appen- 
dix to  paper  by  Mr.  George  Westing- 
house,  p.  506,  July,  '10).  Locomo- 
tives of  American  design;  direct-cur- 
rent, single-phase  and  three-phase 
electrifications.  Car  equipments  of 
subway  and  elevated  systems.  Three- 
phase  railways  in  Europe.  T-7,  W- 
1450.      Vol.   VII,   p.   650,   Aug.,   '10. 

Financial  Aspect  of  Railroad  Elec- 
trification— P.  Darlington.  Analysis 
of  economic  conditions  and  results. 
T-1,  W-3900.      Vol.  VII.  p.  145,  Feb..  '10. 

(E)  N.  W.   Storer.      W-S25,  p.   96. 

Electric  Power  on  Steam  Roads — 
F.  Darlington.  Underlying  reasons 
for  electrification;  interurban  roads; 
selective  development  of  localities; 
cost  of  frequent  service;  relative 
earning  capacities,  minimum  earn- 
ings required.  T-1,  W-3625.  Vol. 
VI.   p.    R18.   Sept.,  '09. 

(E)   N.   W.   Storer.      W-450,  p.    513. 

Heavy  Railway  Service — Altemat- 
ingr-Cnrrent  In — B.  G.  Lam  me.  Gen- 
eral considerations  of  single-phase 
■ystem  and  comparison  with  direct- 
current  system  with  sub-stations. 
W-3600.    Vol.  Ill,  p.   97.  Feb.,  '06. 

(E)  F.  H.   Shepard.     W-SOO,  p.   61. 


Electric  Power  for  Railroad  Oper- 
ation—  F.  Darlington.  Review  of 
commercial  and  engineering  aspects 
of  electrification.  C-2,  W-3900.  Vol. 
VII,  p.  714,  Sept.,  '10. 

Characteristic  Features  of  Ameri- 
can and  European  Railway  Practice — 
Chas.  O.  Collett.  Observations  and 
notes.  T-1,  W-5S00.  Vol.  VIII,  p. 
56,  Jan.,  '11. 

Changes  in  Electric  Railway  Field 

— N.    W.    Storer     (E).      W-yOO,    n.    39. 
Vol.   VIII,  Jan.,  '11. 

Recent  Improvements  in  Railway 
Apparatus — N.  W.  Storer  (E).  W- 
2125.      Vol.   VIII,    p.    SIT,   Oct.,   '11. 

Electric       Railway       Eng-ineering — 

Chas.   F.    Scott.      (E.)      Solving   Prob- 
lems.   W-250.    Vol.  Ill,   p.  5,  Jan.,   '06. 

Operating^  Org^anization  on  Harri- 
man  Lines — New  plan  designed  to  in- 
crease efllciency  and  effectiveness  of 
individual  employees.  W-2450.  Vol. 
VI,   p.   150.   Mar.,  '09. 

(B)   H.  L.  Kirker.     W-300,   p.   131. 

City  Trafi^c  as  Affected  by  Train 
Control  — •  Calvert  Townley.  W-400. 
Vol.   I,   p.   530,  Oct.,   '04. 

Railway    Electrification    in  Europe 

— Chas.   P.    Scott.      (E)    Notes  on   trip 

abroad.       W-1400.       Vol.    VII,  p.    746, 
Oct.,  '10. 
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Three-phase  Railways  in  Europe — 

Rudolfh  E.  Hellmund.  Discussion  of 
features  of  construction  and  opera- 
tion of  five  important  systems.  1-13, 
W-5950.  Vol.  VII,  pp.  359,  484,  May, 
June,    '10. 

(E)    B.   A.   Behrend.      W-C50,   p.    33S. 

Bailway  location  and  Construc- 
tion— H.  E.  Wagner.  Purposes  and 
requirements  of  preliminary  survey. 
Construction  of  curves;  super-eleva- 
tion; turnouts;  cross-covers.  T-3, 
D-5,  W-1700.    Vol.  V,  p.  lOS.  Feb.,  'OS. 

Accuracy  of  Engineering  Calcula- 
tions ^ —  Malcolm  MacLiaren.  Oomi- 
parison  of  preliminary  calculations 
and  results  obtained  in  service.  C-3, 
W-1  000.      Vol.    V.    p.    212,    Apr..    '08. 

Reinforced  Concrete  Railway 
Bridges — F.  W.  Sclieidenhelm.  The- 
ory and  method  of  construction.  Ex- 
amples. D-1,  1-6,  W-975.  Vol.  VII,  p. 
108,    Feb.,   '10. 

Single-Phase  vb  Direct  -  Current 
Railway  Operation  —  Malcolm  Mac- 
Laren.  Refers  to  "Electric  Railway 
Engineering"  by  Parshall  and  Hobart 
and  makes  a  number  of  comparisons. 
W-2600.      Vol.   IV,    p.   461,    Aug.,   "07. 

Direct-Current  1500  Volt  Equip- 
ments— Li  G.  Riley.  Main  and  control 
circuits;  dynamotor.  (See  ed.,  p.  819.) 
D-3,  I-l,  W-1150.  Vol.  VIII,  p.  890, 
Oct.,   '11. 

Success  of  Electric  Roads  in  Indi- 
ana—T-1,  W-1050.  Vol.  IV,  p.  624, 
Nov.  '07. 

(E)  F.  Darlington.  Economic  rea- 
sons for  the  success  of  interurban 
roads.     W-1100,   p.   601. 

Effects  of  Changes  in  Operating 
Conditions — F.  E.  Wynne.  Accelera- 
tion, length  of  run,  braking  rates, 
gear  ratio.  C-12,  W-2200.  Vol.  Ill, 
p.  369,  July,  '06. 


Trailer  Operation  vs.  Multiple-Unit 

Trains — Clarence  Renshaw.  (See  ed., 
p.  819.)  C-7,  1-4,  W-2&50.  Vol.  VIII, 
p.   895,  Oct.,  '11. 

Cost  of  Stops  for  Heavy  High  Speed 
Interurban  Cars — F.  Darlington.  (E) 
Advantages  of  light  equipment.  W- 
575.      Vol.   VII,  p.   258,  Apr.,  '10. 

I^ow-Tension  Distributing  System 
— F.  E.  Wynne.  Track;  third  rail, 
and  trolley  and  feeder  calculations. 
Line  voltage  regulation.  Use  of 
train  sheet.  Sub-station  location. 
C-7,  W-4  900.    Vol.   V,   p.   580,  Oct.,  '08. 

Suto-Stations,  High-Tension  lines 
and  Power  Houses — F.  E.  Wynne. 
T-3,  W-4425,  Vol.  V,  p.  647,  Nov.,  'OS. 

Train  Performance — W.  S.  Valen- 
tine. Construction  and  use  of  tem- 
plet for  rapid  investigation  by  graph- 
ical method.  Example.  D-2,  W- 
1  400.     Vol.  V,  p.   104,  Feb.,  '08. 

Arrangement  of  Train  Sheets — E. 
P.  Roberts  (E).  Comments  on 
methods,  used  by  engineers  and  op- 
erating officials.  W-1  400.  Vol.  V, 
p,    680,   Dec,   'OS. 

What  Grades  Mean  in  Electric 
Traction — William  (.'nojier  (10).  \V- 
625.      Vol.  VI,   i>.    3S9.   July.  '09. 

The  English  Board  of  Trade — C.  S. 
Povk^ell  (E).  Method  of  investigating 
accidents.  W-650.  Vol.  III.  p.  665, 
Dec,    '06. 

Starting  a  largo  Railway  Service 
— R.  L.  Wilson  (E).  Examples  cited 
from  several  large  railways.  W-400. 
Vol.  Ill,  p.   301,  June,  '06. 

Testing  Electric  Railway  Track 
Circuits  — •  Leonard  Work.  Loss  of 
power  and  poor  line  regulation  ac- 
counted for  *by  bad  condition  of  rail 
bonds.  D-2,  T-1,  W-1150.  Vol.  VIII, 
p.  107,  Jan.,  '11. 

Question  Box— 44,  117.  154,  186, 
2C0,  263,  412,  557,  615. 
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Systems   of  Railway  Electrification 

— N.  W.  Storer.  (E)  Discussion  of 
American  and  European  systems. 
W-1000.     Vol.  VII,  p.  423,   June,  '10. 

long  Island  Railroad  Electrifica- 
tion— O.  S.  Lyford,  Jr.  General  out- 
line.   W-1500.    Vol.  Ill,  p.  29,  Jan.,  '06. 

Inaugurating  Electric  Service  In 
the  Mersey  Tunnel — H.  L.  Klrker. 
I-l,    W-2200.     Vol.    Ill,  p.  259,  May, '06. 

Inaugurating  Electric  Service  on 
the  Metropolitan  Railway  —  H.  L. 
Kirker.  W-155.  Vol.  Ill,  p.  S30. 
June,  '06. 

Greatest  Railroad  Work  in  History 
— F.  H.  Shepard  (E).  W-775,  p.  29. 
Vol.  VIII,  Jan.,  '11. 

Single-Phase 

Single  -  Phase  Installations  in 
America — M.  N.  Blakemore.  Table 
of  names,  locations,  equipments  and 
characteristics.  Summary.  T-2,  W- 
375.     Vol.  V,  p.   102,  Feb.,   '08. 

(E)  Malcolm  MacLaren.  Review 
of   the   situation.      W-650,    p.    63. 

Question  Box — 599. 

Foreign      Single  -  Phase     Roads — 

Table  giving  names,  locations  and 
data.  Vol.  V,  p.  579,  Oct.,  '08.  (See 
(E),  J.  Edgar  Miller,  p.   551.) 


A  Swiss  5000  Volt,  Single-Phase 
Road — S.  Q.  Hayes.  Connecting  Lo- 
carno, Pontebrolla  and  Bignasco.  D- 
5.  1-5.  W-2025.  Vol.  VIII,  p.  802, 
Sept.,  "[  1. 

Constants  of  Circuits — A.  W.  Cop- 
ley. Resistance  inductance  and  re- 
actance of  trolley  and  rails.  Skin 
effect.  Division  of  current  between 
rails  and  earth.  T-4,  W-6  425.  Vol. 
V,   p.    631,   Nov.,  '08. 

(E)    Chas.   F.   Scott.     W-900,  p.   613. 

Question  Box — 543.    550. 

Distinctive  Features  of  Design 
and  Operation  —  Clarence  Renshaw. 
Notes  regarding  the  system  and 
various  installations  in  operation. 
D-1,  1-9,  W-5  550.  Vol.  V,  p.  684, 
Dec,    '08. 

(B)    W-150,    p.    682. 

The  Vallejo,  Benlca  and  Hapa  Val- 
ley Railway — George  T.  Hedrick. 
Change  over  from  750  to  3300  volt 
service.  W-750.  Vol.  Ill,  p.  6B7, 
Nov.,   '06. 

Single-Phase  Railway — The  Clvita 
Castellana — W.  R.  Stinometz.  T-3,  W- 
1250.      Vol.   III.   p.   218,   Apr.,  '06. 

Single-Phase  Electrifications — l!f»w 
Haven  and  Samla  Tunnel — B.  G. 
Lamme.  Systems  and  equipments. 
Electrical  and  mechanical  features 
of  design  and  operation.  Ivocomotlve 
tests.  1-5,  W-7000.  Vol.  Ill,  p.  187, 
Apr.,  '06. 
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Hew  Haven  Electrification — Some 
Comments     on    the    Proposed    Flans. 

W-1300.      Vol.  Ill,  p.  380,  July,   '06. 
St.     Clair    Tunnel    Electrification — 

H.  L,.  Kirker.  C-1,  D-1,  1-5,  W-4:;oO. 
Vol.   V,  p.    554,   Oct.,    'OS. 

The  Spokane  &  Inland  Single- 
Phase  Railway — J.  B.  Ingersoll. 
Cost,  power,  overhead  construction, 
equipment.  D-1,  1-3,  W-2000.  Vol. 
Ill,   p.   429,   Aug.,   '06. 

(E)   A.  H.   Mclntire.     V^-850,  p.  422. 

Engineering-  features  of  construc- 
tion, equipment,  rolling  stock,  power 
supply  and  operation — G.  B.  Kirker 
and  L,.  S.  Haskin.  D-1,  1-8,  W-3125. 
Vol.   VIII,  p.   858,  Oct.,  '11. 

Extension  of  New  Haven  System — 
W.  Si  Murray  (E).  W-725,  p.  37. 
Vol.  VIII,  Jan.,  '11. 


Hoosac     Tunnel    Electrification — H. 

K.  Hardcastle.  Power  house;  trans- 
mission line  and  feeder  system;  elec- 
tric locomotives;  operation.  (See  ed., 
p.  820.)  D-4,  1-8,  W-4225.  Vol. 
VIII,   V.    S30,   Oct.,   '11. 

Pittsburg  &  Butler  Railway — L. 
H.  Kidder.  Details  of  system  and 
equipment.  Experiences  and  conclu- 
sions after  one  year's  operation. 
D-2,  1-8,  W-5  000.  Vol.  V,  p.  126, 
Mar.,    'OS. 

Rock  Island  &  Southern  Singrle- 
Phase  Electrification — L.  G.  Riley. 
Description  of  territory  covered.  Car 
equipments,  methods  of  control,  de- 
tails. (See  E,  p.  741.)  D-4,  1-8,  W- 
2550.     Vol.    VII,  p.   787,   Oct.,   '10. 


SIGNALS 


Railway  Sig-nal  Eng-ineering — H.   G. 

Prout  (E).  Historical.  Protective 
and  productive.  W-500.  Vol.  IV,  p. 
181.      Apr.,   '07. 

Improvements  in  Railway  Signal- 
ing—J.  .S.  II.,ljsur,  (E).  W-SOO,  p.  23. 
Vol.   VIII,   Jan.,   M  1. 

Por  Electric  Railways — Recent  De- 
velopments— ilarold  McCready  and  C. 
O.  Harrington,  Jr.  Telephone  dis- 
patcliing;  trolley  contact;  automatic' 
continuous  track  circuit  svstem;  train 
stop.      D-3,  1-4,  W-3900.      Vol.  VIII,  p. 

847,  Oct.,    '11. 

(E)  H.  G.  Prout.  Conditions  in 
this  country  and  abroad.  W-725,  p. 
822. 

Electric  Signaling  Iby  Trolley  Con- 
tacts— Carl    P.    Nachnd.      A   letter,      j). 

848.  Oct.,  '11;  \V-600.  Vol.  VIII,  p. 
1124,    Dec.   '11. 

Railway  Signaling — L.  H.  Thullen 
(E).  Evolution  of.  W-700.  Vol.  IV, 
p.    4,   Jan.,   '07. 

Mechanical  Interlocking  —  T.  Geo. 
Wiillson.  Advantages  derived  from 
the  interlocking  of  signals;  descrip- 
tion of  apparatus.  D-5,  W-3900. 
Vol.  IV,  p.  7,  Jan.,  '07. 

Electro  -  Pneumatic  Interlocking — 
W.  H.  Cadwallader.  Principles.  Pow- 
er Plant.  Interlocking  Machines.  1-4, 
W-1300.    Vol.   IV,   p.   66,   Feb.,   '07. 

Pneumatic  and  Electric  Connec- 
tions. Switches.  Locks.  Signals. 
Auxiliary  Appliances.  1-4,  D-6,  W- 
2350.      Vol.   IV,   p.    127,   Mar.,   '07. 

(E)  Electro  -  Pneumatic  Railway 
Apparatus  —  Wm.  Cooper.  W-750. 
Vol.  IV,  p.  121,  Mar.,  '07. 


Electric  Interlocking — J.  D.  Taylor. 
Principles  and  development.  Switch 
and  lock  mechanism.  D-6,  1-5,  W- 
4550.     Vol.   IV,  p.   200,  Apr.,  '07. 

Alternating  -  Current  —  General — 
J.  B.  Struble.  Single-Rail  System. 
Double-Rail  System.  D-1,  1-9,  W- 
2150.     Vol.  IV,  p.  517,  Sept.,  '07. 

Electric  Train  Staff  System — T.  H. 
Patenall.  Development.  Application. 
Advantages.  W-2350.  Vol.  IV,  p. 
259.      May,   '07. 

Absolute  staffs  and  staff  instru- 
ments. Permissive  feature.  Control 
of  signals.  Attachments.  D-1,  1-16, 
W-2650.     Vol.  IV,  p.  323,  June,  '07. 

(E)   J.   S.  Hobson.      W-375,   p.   302. 

Automatic  Block  Signaling  —  Gen- 
eral —  W.  E.  Foster.  Definitions, 
Classifications,  Systems,  Construc- 
tion. D-1,  1-5,  W-2950.  Vol.  IV,  p. 
389.      July,   '07. 

Direct-Current — W.  E.  Foster.  D-3, 
1-5,  W-1500.    Vol.  IV,  p.  440.    Aug.,  '07. 

Alternating  -  Current.  Double  rail 
return  system — J.  B.  S'truble.  With 
direct-current  and  with  alternating- 
2075.     Vol.  IV,  p.   563,   Oct.,   '07. 

(E)  Li.  Frederic  Howard.  Signal 
engineers  in  the  electrical  field.  W- 
325,   p.   542. 

The  Language  of  Pized  Signals — W. 
E.  Foster.  Explanations  of  various 
forms  of  signal  indications.  1-6,  W- 
800.     Vol.  IV,  p.  651,  Nov.,  '07. 

Also  1-6,  W-750.  Vol.  IV,  p.  708. 
Dec,  '07. 

Question  Box — 469,  517. 


MINING 

(See  also  Motors  and  their  Application) 

Electric  Mine  Haulage — G.  W.  Ham- 
ilton. Working  up  of  new  propects. 
W-1675.      Vol.  VIII,  p.  939,  Oct.,  '11. 

Dertermination  of  Weight  and 
Equipment     of     Mine    Locomotives — 


■Graham  Bright.  T-2,  C-2.  W-4475. 
Vol.  VITT,    p.   9S6,   Nov.,  '11. 

(K)    ^V.    A.    Thomas.      W-500,   p.    969. 

A  Convenient  Method  of  Determin- 
ing Grades — G.  M.  Eaton.  By  use  of 
tape  line.  D-2,  W-525.  Vol.  VIII,  p. 
569,   June.  'll. 


CARS  AND  LOCOnOTIVES 


Pennsylvania  Locomotives  — -  Field 
of  Operation — ^H.  L.  Kirker.  De- 
scription of  new  electric  engines,  new 
terminal  station,  New  York  City, 
tunnels,  power  station  and  car  equip- 
ments. D-5,  1-7,  W-3100.  Vol.  VII, 
p.   668,   Sept.,  '10. 

(E)     E.    M.    Herr.     The    New    York 
City  terminal.     W-625,  p.  665. 


New  Locomotives  for  New  Haven 
Railroad — N.  "W.  S'torer.  Details  of 
four-motor,  geared,  two-truck  loco- 
motive. 1-5,  W-1300.  Vol.  VII,  p. 
114     Fob..    '10. 

Mechanical  Features  of  Locomo- 
tives— G.  M.  Eaton.  Characteristics 
desired.  Reliabilitv.  Scotch  yoke. 
Brake  rigging.  W-2975.  Vol.  VII,  p. 
779.    Oct..   '10. 

Question  Box — 651. 
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Cars  and  Locomotives— ^IISCELLANEOUS 


Notes   on   Locomotive    Construction 

— L.  M.  Aspinwall.  Preliminary  lay- 
outs. W-850.  Vol.  VIII,  p.  960, 
Oct.,   '11. 

"Weig-ht  Equalization  on  Locomotive 
Wheels — G.  M.  Eaton.  Fundamental 
principles.  Stability  of  three  point 
suspension.  D-20,  W-2075.  Vol.  VII, 
p.    943.    Dee.,   '10. 

Weig-lit  Transfer  in  Electric  Cars 
ana  Locomotives — G.  M.  Eaton.  The 
cause  of  slipping-  of  wheels.  I-l,  W- 
2400.      Vol.    A-III.   p.   257,   Mar.,  "ll. 

Relation  of  Wheel  Base  to  Radius 
of  Minimum  Curve — Graham  Bright. 
Determination  directly  from  chart. 
C-1,  \V-200,  Vol.  VIII,  p.  1032,  Noy., 
'11. 

Photographic  Recording  Meter — 
L.  M.  Aspinwall.  For  locomotive 
testing.  C-2,  1-4,  W-1250.  Vol.  VII, 
p.    797.    Oct..   '10. 

Operation  of  Electric  Cars — F.  E. 
W^ynne.  General  principles.  Series 
vs.  shunt  motors.  D-8,  W-4300.  Vol. 
Ill,   p.    7.  Jan..  '06. 

Gasoline  Motor  Cars — F.  Darling- 
ton. (E)  Types.  Their  field.  Cost 
of  operation.  W-550.  Vol.  VII,  p. 
427,    June,    '10. 

Electric  Locomotive  Design — A.  C. 
Kelly  (E).  Trend  of  deyelopment. 
W-850.      Vol.   VI,   p.    260,   May,   '09. 

Locomotives  vs.  Motor  Cars — C.  F. 
Street.  Comparative  efficiency  and 
cost.  C-4,  W-2500  Vol.  Ill,  p.  574, 
Oct.,   '06. 

(E)    X.   V.   Storer.      W-3.".0,  p.   541. 

Calculation  of  Speed-Time  and 
Power  CiTirves — F.  E.  W^ynne.  C-4, 
W-3700.      Vol.    Ill,  p.    247,   May,   '06. 

Method  of  Selecting  Car  Equip- 
ment— F.  E.  Wynne.  T-2,  C-3,  W- 
6  250.      Vol.   V,   p.    438,   Aug.,    '08. 

New  Haven  Multiple-TJnit  Cars — 
L.  M.  Aspinwall.  Description  of 
new  equipment.  C-2,  1-5,  W-1450. 
Vol.  VI,   p.   687,   Nov.,  '09. 

Single-Phase  135-Ton  Locomotive 
— N.  W.  Storer.  Descrijition  and 
tests.  See  (E)  p.  393.  1-2.  W-800. 
Vol.  II,  p.   359,  June,   '05. 


St.    Clair    Tunnel    Locomotives — L. 

M.  Aspinwall  and  G.  Bright.  De- 
scription and  tests.  C-2,  1-3,  W- 
1  800.      Vol.   V,   p.    567,   Oct.,  '08. 

(E)  J.  Edgar  Miller.    TV-1075,  p.  551. 

Single-Phase  Locomotive  Testing 
— Graham  Bright.  Tests  necessary; 
results  of  test;  curves.  See  y£,)  by 
N.  W.  Storer,  p.  770.  C-4,  W-750. 
Vol.   II,  p.  764,  Dec,   '05. 

Test  on  Single-Phase  Equipment — 
—Graham  Bright.  See  (E)  by  N.  W. 
Storer,  p.  770.  C-4,  W-750.  Vol.  II, 
p.   764,  Dec,  '05. 

Kilowatt     Hours     Per     Car     Mile. 

C-4,  W-1200.  Vol.  II,  p.  651,  Nov., 
Comment  on  article  bv  Mr.  Graham 
Bright  W-750.  Vol.  Ill,  p.  60,  Jan., 
'06. 

Question  Box — 89,  105,  120,  130, 
166,    400,    415. 

Railway  Motors — (See  pp.  12,  15, 
16.) 

Brakes — (See  p.  3.) 

Maintenance  and  Repair 

Maintenance    of    Equipment — J.    B. 

W^ebster.  Mileage  and  inspection 
systems;  care  and  protection  of  roll- 
ing stock.  1-6,  W-3000.  Vol.  I,  p. 
375,   Aug..  '04. 

Inspection  of  Car  Equipment  on 
Electric  Railways — M.  B.  l^ambert. 
W-2850.      Vol.    VII,    p.    316,   Apr.,   '10. 

Reduction  in  Cost  of  Railway 
Equipment  Maintenance — M.  B.  Lam- 
bert. (E)  Improvements  acquired 
through  interchange  of  experience. 
Lines  of  improvement.  W-900.  Vol. 
VII,   p.    742,   Oct.,   '10. 

Equipping  Electric  Cars — H.  I.  Em- 
anuel. Placing  apparatus,  wiring  for 
motors,  lights,  rheostats,  etc.  W- 
1400.     Vol.  Ill,  p.   698,  Dec,  '06. 

(E)  R.  L.  Wilson.  W-300.  Vol. 
Ill,   p.   662.   Dec.   '06. 

Question  Box — 400,  484. 


MISCELLANEOUS 


GENERAL 


Sales  Contracts — B.  A.  Brennan. 
A  conci.'^.e  treatment  of  the  subject 
suitable  for  business  men.  Contracts 
in  general.  W-3200.  Vol.  IV,  p.  315, 
June,   '07. 

(E)   W.  F.   Fowler.     W-475. 

Simple  Contracts.  Conditional  Con- 
tracts. Patent  Clauses.  Terms  of 
Payment.  W-3300.  Vol.  IV,  p.  398, 
July,   '07. 

Bailment  or  Lease  Contracts.  Stat- 
utes of  fraud.  Promises  and  agree- 
ments not  in  contract.  Sellers  reme- 
dies. Buyers  remedies.  Warranty. 
W-3270.      Vol.   IV,  p.   528,   Sept.,   '07. 

Damages.  Assignments.  Statutes 
of  Limitation.  W-2400.  Vol.  IV,  p. 
578.   Oct.,  '07. 

Pirst  Aid  to  the  Injured — Ira  N. 
Fix,  M.D.  Precaution  against  shock 
after  accident;  stoppage  of  bleeding; 
method    of    dressing    a    wound;    frac- 


tures; first  treatment  of  burns;  pro- 
cedure in  cases  of  electric  shock.  1-2, 
W-800.      Vol.  I.  p.    286.  June,  '04. 

Artificial  Respiration  —  Clias.  A. 
Lauffer,  M.D.  Essentilas  of  prone 
pressure  method.  I-l,  W-1200.  Vol. 
VIII,   p.   203,  Feb.,  '11. 

Electrical  Accidents  and  Their 
Treatment — Chas.  A.  Lauffer,  M.D. 
Injuries  caused  by  flashes;  injuries  to 
eyes.  to  skin.  Contact  injuries; 
shocks  and  burns.  W-2075.  Vol. 
VIII,  p.   725,  Aug.,  '11. 

Question  Box — 374. 

Electrical  Indiistry  from  the  Com- 
mercial Standpoint — L.  A.  Osborne 
(K)).      \^'-:i(Hi.  p.   1.  Vol.  VIII,  Jan. .,'11. 

Engineering  View  of  Electrical  In- 
dustry—Cha;^.  F.  Scott  (E).  W-875. 
p.  4.      Vol.  VIII,  Jan.,  '11. 


MISCELLANEOUS— The  Engineer 
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Alternating   -   Current    Electrolysis 

— S.    M.    Kintner.      Tests;    specimens; 
conclusions.      See    (E)    by  P.   M.    Lin- 
coln,   p.    707.      1-4,    W-1200.      Vol.    II, 
p.    668.  Nov.,   '05. 
Question  Box — 106. 


Niagara  Palls — Aesthetic  vs.  Eco- 
nomic  Value.  W-2400.  Vol.  Ill,  p. 
339,   June.  '06. 

The  Waste  of  Time — E.  S.  McClel- 
land. Methods  and  effects  of  wast- 
ing time.  Economy  of  tima  W-1600. 
Vol.  Ill,  p.  93,  Feb..  '06. 


THE   ENGINEER 
Education 


Education,  Technical.  (E).  Com- 
parison of  President  Humphreys' 
views  with  those  of  Mr.  L.  A.  Os- 
borne, expressed  in  an  address  before 
the  A.  I.  E.  E..  W-800.  Vol.  I,  p. 
371,  July.  '04. 

Education,  Various  Kinds  of — Wal- 
ter C.  Kerr.  Address  at  dinner  of 
Cornell  Alumni,  Chicago,  '05.  W- 
1800.     Vol.   II,  p.   289,   May,  '05. 

Engineering  and  the  Colleg-o  Grad- 
uate— H.  W.  Buck  .  The  real  bene- 
fits of  college.  Status  of  the  engi- 
neer in  society.  W-1000.  Vol.  II,  pi 
685.   Nov..   '05. 

Twentieth  Century  E  n  g  i  n  e  e  r — 
Chas.  F.  Scott.  VV^-2025.  An  address 
before  the  Engineers'  Club  of  Phila- 
delphia. Vol.  IV,  p.  222,  Apr.,  '07. 
(E)  Chas.  F.  Scott.  W-550,  p.  184. 
A  Broader  Training  for  Engineers 
— Charles  Whiting  Baker.  Conditions 
in  the  engineering  profession.  Test 
of  public  service.  W-2000.  Vol.  VI, 
p.    401.  July,   '09. 

Addresses  to  Engineering  Students 
— Chas.  F.  Scott  (E).  Comments  on 
publication  bv  Messrs.  Waddell  and 
Harrington.  W-550.  Vol.  VIII,  p. 
970,  Nov.,  -11. 

New  Method  of  Industrial  Training 
Extracts  from  papers  read  before  No- 
vember, 1910,  meeting.  National  So- 
ciety for  the  Promotion  of  Industrial 
Education.  W-3450.  Vol.  VIII,  p.  306. 
Apr.,  '11. 

(E)   Chas.   F.   Scott.     W-375.   p.   310. 

The    Technical    Graduate    and    the 

Manufacturing   Company  —  Chas.   F. 

Scott.     W-1475.     Vol.   IV,   p.   75,  Feb., 

•07. 

Why  Manufacturers  Dislike  College 
Graduates — Frederick  W.  Taylor.  In- 
dicating improvements  possible  in 
methods  of  education.  W-4100.  Vol. 
VI,   p.   537,   Sept.,  '09. 

(E)  E.  M.  Herr.  College  gradu- 
ates in  the  shop.     W-375.     P.  514. 

The  Human  Side  of  the  Engineer- 
ing Profession — V.  Karapetoff.  An 
engineer's  philosophy.  W-1950.  Vol. 
IV,   p..   162,   Mar.,  '07. 

(E)   H.  D.  Shute.     W-150,  p.  126. 
Engineering     Personality     and     Or- 
ganization  —   Walter    C.     Kerr.      W- 
5  900.      Vol.    V,    p.    492.    Sept.,   '08. 

Engineering  Training.  Extracts 
from  addresses  by  F.  W.  Taylor  and 
Alexander  C.  Humphreys.  W-2200. 
Vol.   III.   p.   693,   Dec,  '06. 

The  Engineering  School  and  the 
Electrical  Manufacturing  Company — 
Chas.  F.  Scott.  W-2300.  Vol.  IV,  p. 
633.  Nov..  '07. 

Suggestion  to  Engineering  Appren- 
tices— C.  W.  Johnson  (E).  Learn  a 
few  things  well.  W-950.  Vol.  VI,  p. 
197,  Apr.,  '09. 


The  Casino  Technical  Night 
School— C.  R.  Dooley  (E).  Oppor- 
tunities for  technical  training  to 
supplement  shop  work.  W-450. 
Vol.    V,   p.   422,   Aug.,   '08. 

Engineering  Opportunities  and  Re- 
quirements— Geo.  A.  Damon.  From  a 
paper  read  before  the  Western  So- 
ciety of  Engineers,  Mch.,  '04.  See 
(E),  p.  63.  W-3800.  Vol.  II,  p.  16. 
Jan.,  '05. 

Carnegie    Gift    to    Engineering W 

M.  McFarland  (E).  Factor  this 
building  will  be  in  the  advancement 
of  the  profession.  W-500.  Vol  I 
p.    1S4,   Apr.,    '04. 

The  Technical  Man  as  the  Auto- 
crat of  the  Buciness  World.  W-700 
Vol.    Ill,   p.    295,   May,   '06. 

Technical  Training,  Practical  Util- 
ity of — William  Barclay  Parsons. 
From  an  address  before  Nat.  Educ 
Assoc.    W-1800.    Vol.   II,  p.  533,  Sept.. 

Technical  Schools:  Mr.  "Wurts  and 
the  Carnegie — Sketch  of  Mr.  Wurts. 
Scope  and  plans  of  the  school.  1-4 
W-1000.     Vol.  II,  p.  425,   July,  '05. 

Study  Men — John  F.  Havford.  The 
engineer  working  through  men.  Sug- 
gestions for  young  engineers.  W- 
2075.      Vol.   IV,  p.    563,   Oct..   '07 

(E)    Chas.   F.    Sc<nt.      ^V-tOO,   p.    543. 

Getting  on,  Some  Difficulties  in — 
James  Swinburne.  Abstract  of  an 
address  delivered  to  students  of  the 
British  Institute  of  Electrical  Engi- 
neers, Nov..  '04.  See  (E)  by  Chas. 
F.  Scott,  p.  192.  W-2600.  Vol.  II,  p. 
174,    Mch.,    '05.  ^ 

Ginger  Plus  Education,  Insepara- 
ble— Frank  H.  Taylor  (E).  Needful 
qualities  for  success  in  a  great  cor- 
poration. W-600.  Vol.  II,  p.  60,  Jan., 
'05. 

Education,    The    Business    Side    of 

Technical— Alexander  C.  Humphreys, 
President  of  Stevens  Institute.  From 
address  delivered  at  Siblev  College, 
Cornell  University.  W-290'o  Vol  I 
p.   342,  July,  '04.  "      ' 

An  Event  in  Electrical  Development 
Ph.  Lange.  The  advent  of  the  college 
man  into  the  electrical  field.  W-400. 
Vol.  IV,  p.  290,  Mav,  '07. 

Co-Ordinate  Engineering  (E) — W 
M.  McFarland.  W-500.  Vol.  Ill  p' 
365,  July,  '06. 

Shorthand  Engineering — George  A. 
Wardlaw.  Proper  and  improper  use 
of  abbreviations  in  engineering  lit- 
erature. A.  I.  E.  E.  list  of  abbrevia- 
tions. W-2000.  Vol.  n,  p.  233,  Apr., 
'05. 

A  Spelling  lesson  (E).  W-300. 
Vol.  Ill,  p.   186,  Apr.,  '06. 

Theory  and  Practice  (E) — W-500 
Vol.  II,  p.  518,  Aug..  -06. 
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MISCELLANEOUS— Societies— Apprentice 


Engineering  Societies 


Importance  of  Meinbership  in  A.  I. 

E.  E. — Percy  H.  Thomas  (E;.  W-250. 
Vol.  IV,  p.   63,  Feb..  '07. 

Question  Box — 330. 

Eng-ineeringf  Honor  and  Institute 
Branches  (E) — Chas.  F.  Scott.  Com- 
ment on  address  by  Dr.  Wheeler, 
President    A.    I.    E.   E.      W-900.      Vol. 

III.  p.   361.  July.  '06. 

Abstracting^  Engineerings  Papers — 
George  C.  Shaad.  With  special  ref- 
erence to  papers  for  branch  meetings 
of  the  A.  I.  E.  B.  W-1125.  Vol.  IV, 
p.   83,  Feb.,  '07. 

(E)   Ralph  W.  Pope.      W-2r>0.   p.    62. 

Proposed  A.  I.  E.  E.  Constitution — 
Chas.  P.  Scott  (E).  W-675.  Vol.  IV, 
p.    187,   Apr.,   '07. 

Standardization  Kules — A.  I.  E.  E. 
Extracts  and  Comments.  W-2000. 
Vol.   IV,   p.    447,   Aug.,   '07. 

(E)  Chas.  F.  Scott.      W-800,  p.  423. 

Standard  Voltagfes — Chas.  F.  Scott 
(E)  Comment  on  new  A.  I.  E.  E. 
Standardization   Rules.      W-675.      Vol. 

IV.  p.    482.   S'ept..    '07. 

A.I.E.E — Annual  Report  of  Direc- 
tors— Chas.  F.  Scott  (E).  W-200. 
Vol.   V,   p.   304,   June.   '08. 

ITotes  on  A.I.E.E.  Convention — 
Chas.  F.  Scott  (E).  Atlantic  City, 
June-July,  '08.  W-1  100.  Vol.  V,  p. 
423,   Aug.,   '08. 

Selection  of   Officers   for  A.I.E.E 

Chas.  F.  Scott  (E).  Some  sugges- 
tions bearing  on  1909  election.  W- 
525.     Vol.  VI.   p.   67,  Feb.,  '09. 

A.I.E.E.     Anniversary,     1909 — Chas. 

F.  Scott  (E).  W-450.  Vol.  VI,  p.  196, 
Apr.,   1909. 

A.I.E.E.  Convention,  1909 — Chas.  F. 
Scott  (E).  W-800.  Vol.  VI  p.  450, 
Aug..   1909. 

ITotes  from  the  ITortliwest — Chas. 
P.  Scott  (E).  Alaska-Yukon-Paciflc 
Exposition.  Joint  convention.  North- 
western El.  Lt.  &  Pr.  Ass.  and  Seattle 


section,  A.I.E.E.  Cascade  tunnel 
electrirtcation.  W-800.  Vol.  VI,  p. 
579.  Oct..  '09. 

Comments  on  Chicago  Convention, 
A.  I.  E.  E.,  June,  1911 — P.  M.  Lincoln. 
(K.)    Vv'-650.   Vol.  VIII,  p.  6^5,  Aug.,  '11. 

The  A.  I.  E.  E.  Secretary — Chas.  F. 
Scott.  Occasion  of  Mr.  Ralph  W. 
Pope's  retiring  from  active  secretary- 
ship and  appointment  as  honorary 
secretary.  W-625.  Vol.  VIII,  p.  742, 
Sept.,  '11. 

Review  of  Papers  Before  Mid-Year 
Convention,  A.  I.  E.  E,  1911 — Chas.  F. 
Scott  (E).  W-550.  Vol.  VIII,  p.  212, 
iM;ir..    '11. 

National  Electric  Light  Association 
—  \V.  W.  Kreciran  (K).  W-52.J,  p.  2o. 
A'ol.   VIII,   Jan..   '11. 

The  New  Engineering  Building 
(E).  Chas.  F.  Scott.  Comment  on 
laying  the  cornerstone.  W-750.  Vol. 
Ill,  p.   304,  June,   '06. 

Dedication  of  Engineering  Societies 
Building — Chas.  F.  Scott  (E).  W-27B. 
Vol.   IV,  p.   245,   May,   '07. 

An  Alert  Central  Station  Policy — 
Chas.  F.  Scott.  (E)  Account  of  re- 
cent meeting  of  the  Brooklyn  Com- 
pany section  of  the  N.  E.  L.  A..  W- 
750.     Vol.  VII.  p.  592,  Aug.,  '10. 

National  Electrical  Code — C.  E. 
Skinner  (E).  Meeting  at  New  York, 
March,  1909,  and  meeting  of  National 
Conference  on  Standard  Electrical 
Rules.  W-650.  Vol.  VI,  p.  59.  May, 
•09. 

International  Society  for  Testing 
Materials — C.  E.  Skinner  (E).  Notes 
on  fourth  congress  at  Brussels,  Bel- 
gium.   W-725,  Vol.  IV,  p.  64.  Feb.,  '07. 

International  Electric  Congress — 
Chas.  F.  Scott  (E^.  Various  aspects 
of  the  work  taken  up  at  the  Louis- 
iana Purchase  Exposition  at  the 
meeting  In  Sept.,  '04.  W-300.  Vol. 
I,   p.    559,  Oct.,   '04. 


Apprentice 


Apprenticeship  Course  —  Making 
of  a  Man — Frank  H.  Taylor.  An  ab- 
stract from  an  address  before  The 
Electric  Club.  Gives  some  of  the 
non-technical  advantages  of  the  ap- 
prenticeship course.  W-1200.  Vol. 
I,  p.  177,  Apr.,  '04. 

Problem  of  the  Engineering  Grad- 
uate— Chas.  F.  Scott  (E). Apprentice- 
ship courses  considered  as  post-grnd- 
uate  work.  W-600.  Vol.  VIII,  p.  118, 
Feb.,   '11. 

Apprenticeship  Course  and  Engi- 
neering Graduate — Chas.  F.  Scott. 
Knowledge,  experience  and  opportu- 
nity. W-3225.  Vol.  VII,  p.  290,  Apr., '10. 

Graduate  Apprentices  in  Specializ- 
ed Industries — L.  A.  Osborne.  (E) 
Discussion  of  article  on  "Why  Manu- 
facturers Dislike  College  Graduates," 
by  Mr.  Frederick  W.  T.avlor,  Sent.. 
'09.      W-675.      Vol.  VII,  p.  250,  Apr., '10. 

Apprenticeship  Course,  Opportuni- 
ties of  the — W.  M.  McFarland.  A 
lecture  before  The  Electric  Club.  W- 
1800.      Vol.   I,  p.    645,  Dec,   '04. 

Engineering  Course  of  the  "W.  E. 
ft;  M.  Co.— H  D.  Shute.  Historical  and 
and  descriptive,  Yd.  IV,  p.  291,  May, 
'07. 


The  Value  of  an  Engineering  Ap- 
prenticeship Course — Chas.  E.  Down- 
ton  (E).  W-450.  Vol.  Ill,  p.  604, 
Nov.,    '06. 

To  the  Young  Man  Entering  the 
Works — Chas.  F.  Scott  (E).  The  ne- 
cessity for  harmonious  co-operation 
in  every  department  of  a  large  or- 
ganization. W-800.  Vol.  I,  p.  429, 
Aug.,   '04. 

Apprenticeship  as  an  Investment 
for  the  Puture — Chas.  F.  Scott  (E). 
As  a  post-graduate  course  in  engi- 
neering. W-600.  Vol.  Ill,  p.  244, 
May.   '06. 

Advice:  Apprentice  to  Apprentice. 
Letter  of  an  apprentice  who  has  Just 
bBgun  outside  work.  Advice  to  one 
still  in  the  shops.  W-700.  Vol.  II, 
p.    109,  Feb.,   '05. 

Apprentice,  His  "Work  and  His  Pu- 
ture. Account  of  the  fourth  annual 
banquet  of  Westinghouse  appren- 
tices. W-1400.  Vol.  II.  p.  25.5^  Apr..  '05. 

Training  of  Non-Technical  Men — 
C.  R.  Doolev.  Apprenticeship  system. 
Technical  night  school.  W-1125. 
Vol.  VIT,  p.  76.  Jan.,  '10. 

Notes  on  Testing — V.  W.  Shear. 
Suggestions  for  beginners  on  testing 
flour.   W-700.    Vol,  IV,  p.  419.    July,  '07. 
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The  Electric  Club 


New  Quarters — A.W.  Lomis.  Prom- 
ise for  future  with  new  equipment 
and  improved  facilities.  D-1,  I-l,  W' 
675.     Vol.  VII.  p.   225.  Mar.,   '10. 


Tlia   Purpose  of   the   Electric    Clul) 

— F.      D.      Newbury.       W-1700.        Vol. 
Ill,    p.    517,    Sept.,    '06. 

(E)   L.   A.   Osborne.      W-350,   p.    482. 
Electric     Club— H.    W.     Peclt.       Or- 
ganization,   membership  and   work   of 
the  club.     1-3.  W-2000.     Vol.   I,  p.  fcl, 
Feb..   -04. 

Electric  Club,  An  Apprentice's  Im- 
pression of  (E).  W-t)00.  Vol.  I,  p. 
t>25,  Nov.,   '04. 

Road  Engineer  and  Construction  Work 
(Other  articles  under  their  appropriate   headings) 

Generator     Troubles,     Etc. — C.     L.. 
Abbott.       Road    experience.      D-2,    W- 


A  Club  for  Eng-ineering   Graduates 

— Quarters  of — J.  E.  Sweeney.  The 
Westing-house  Club.  D-1,  1-5,  W-1250. 
Vol.   VIII,   p.   101,   Jan.,   '11. 


Qualifications  Necessary  for  a  Suc- 
ooBsful  Trouble  Man — S.  L.  Sinclair. 
W-325.     Vol.   IV,   p.   120,  Feb.,  '07. 

A  Pew  "Dont's" — H.  Gilliam.  Some 
rules  for  the  guidance  of  young  en- 
gineers. W-450.  Vol.  IV,  p.  177, 
Mar.,  '07. 

Koad  Eng-ineer,  The  (E).  Giving 
some  of  the  necessary  qualifications. 
W-350.      Vol.  I,   p.    627,  Nov.,  '04. 

Koad  Eng-ineer,  Specifications  for — 
R.  L.  Wilson  (E).  W-450.  Vol.  II, 
p.    456,   July.   '05. 

Meeting;  Emergencies — C.  R.  Dooley. 
Some  trying  experiences  with  a  mo- 
tor-driven air  pump.  W-1050.  Vol. 
VI,    p.    377.  June.   '09. 

One  Side  of  Construction  "Work — 
W.  H.  Rumpp.  Three  classes.  Inci- 
dents— troubles — causes  and  reme- 
dies.  W-3400.   Vol.  II.  p.  238.  Apr..  "iiO. 

Unexpected  Shocks — H.  I.  Emanuel. 
Caused  by  badly  bonded  tracks  In  car 
barn.  W-300.  Vol.  IV.  p.  540,  Sept., 
'07. 

Hauling  Electrical  Machinery  TTn- 
der  Difficulties — J.  B.  Johnston.  W- 
450.      Vol.   Ill,  p.   659.   Nov.,  '06. 

Method  of  TTnloadlngf  a  Iiarge  Bo- 
tor — J.  W.  Sweeney.  I-l,  W-200. 
Vol.   Ill,  p.    417,   July,  '06. 


Point  of  View,  Thfr— Walter  C. 
Kerr.  An  address  delivered  at  Stev- 
ens Institute  of  Technology.  W-3000. 
Vol.   I,  p.   563,  Nov.,  '04. 

Discovery  and  Invention  —  E.  G. 
Acheson.  An  address.  W-5000.  Vol. 
Ill,  p.   554.  Oct.,  '06. 

The  Spirit  of  Welfare — Walter  C. 
Kerr.  An  address  delivered  at  the 
dedication  of  the  Welfare  building  at 
Wilmerding,  Pa,  W-2350.  Vol.  IV, 
p.  618,  Nov.,  '07. 

Useful  Co-Operation  —  Walter  C. 
Kerr.  A  paper  read  at  a  meeting  of 
the  district  managers  of  the  \\^esting- 
house  Electric  &  Mfg-.  Co.,  Nov.,  '05. 
See  (E)  by  Chas.  F.  Scott,  p.  772.  W- 
2600.      Vol.   II,   p.   729,  Dec,  '05. 

Co-Operation  Between  Central  Sta- 
tion and  Manufacturer — Chas.  F. 
Scott — Engineering,  commercial  en- 
gineering, and  commercial.  W-2300. 
Vol.  VTIT.  p.   695.  Aug.,  '11. 

Some  Belations  of  the  Engineer  to 
Society— H.  G.  Prout.  An  address. 
W-5500.      Vol.   Ill,  p.   494,   Sept.,  '06. 

Business  Eng-ineering  — ■  Alexander 
C  Humphreys.  Relations  of  the  en- 
(fineer-student  to  practical  work. 
W-1  900.      Vol.  V.   p.   245.   Mav,  '08. 

(E)    Chas.    F.    Scott.      W-975,   p.   341. 


500.      Vol.   Ill,   p.    179,  Mar.,  '06. 

Lining  Up  Turbine  and  Generator 
— C.  L.  Abbott.  An  incident  in  erec- 
tion work.  I-l,  W-400.  Vol.  IV,  p. 
6o9,  Nov.,  '07. 

Experiences  on  the  Boad — B.  C. 
Shipman.  Troubles  encountered  and 
how  overcome.  W-4000.  Vol.  II.  p. 
347,   June,  '05. 

Experience  on  the  Boad — H.  L. 
Stephenson.  Troubles — ^causes;  reme- 
dies. W-3000.  Vol.  II,  p.  410.  July. 
•05. 

Experience  on  the  Boad — G.  B. 
Rosenblatt.  An  incident  with  water- 
cooled  transformers.  W-1400.  Vol. 
II.   p.   600.  Oct..  '05. 

Experience  on  the  Boad — C.  L. 
Abbott.      Trouble    work.      W-600.     Vol. 

II,  p.   768,   Dec,   '05. 
Experience     on     the     Boad — Essen- 
tials     of      good      soldering.       W-1400. 
Vol.  II,   p.    690,   Nov.,   '05. 

Experience  on  the  Boad — S.  L.  Sin- 
clair and  E.  D.  Tyree.  Open  circuit 
in  revolving  field  closed  during  oper- 
ation by  centrifugal  force.  W-150. 
Vol.   IV,  p.   59,  Jan.,  '07. 

General  Requisites  and  Opportunities 

The  Testing  Engineer — Chas.  B. 
Dudley.      An   address.     W-4100.      Vol. 

III,  p.   614,  Nov..  '06. 

(E)   Chas.  F.    Scott.      W-430.   p.    603. 

The  Voung  Engineer  and  His  Op- 
portunity— C.  F.  Scott.  Portion  of 
an  address  to  the  graduating  class, 
'03,  Stevens  Institute  of  Technology. 
W-2400.      Vol.   I.   p.   198.   May.   '04. 

Bemoval  of  Iiimitations  by  Elec- 
tricity— Chas.  F.  Scott.  An  address 
delivered  at  Worcester  Polvthechnic 
Institute.  TV-2500.  Vol.  IV,  p.  506, 
Sept..   '07. 

Adaptinar  Technical  Gradiiates  to 
the  Industries — Chas.  F.  Scott  and  C 
R.  Dooley.  Account  of  educational 
methods  of  the  Westinghouse  Elec  & 
Mfg.  Co.  W-2025.  Vol.  VIII,  p.  711. 
Aug..   '11. 

CE)   H.  D.  ShutP.     W-275,  p.  666. 

Shop  Opportunities  in  Engineer- 
ing Industries — C.  B.  Auel.  Need  of 
technicallv  trained  men.  W-2  300. 
Vol.   V.   p.'   701.    Dec,   '08. 

(E)    E.   M.   Herr.     W-375,   p.   677. 

Man  Power.  An  address  to  The 
Electric  Club — T.  C.  Frenyear.  Need- 
ful characteristics  of  the  successful 
man.  True  principle  of  organization 
in  a  democratic  community.  See  (E) 
by  C.  F.  Scott,  p.  118.  W-3500.  Vol. 
I.  p.   75,  Mch.,  '04. 
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Opportunity    of    tlie    Engineer — H. 

G.  Prout  (E).  On  American  resources 
and  opportunities.  W-300.  Vol.  I,  p. 
309,   June,  '04. 

Commercial  Electrical  Engineering' 
— Chas.  F.  Scott  (E).  W-400.  VoL 
II,   p.    261,    Apr.,    '05. 

Essentials  of  Success  in  Salesman- 
ship— T.  H.  Bailev  Wliipple.  W- 
2450.      Vol.   VII,  p.   950,  Dec.   '10. 

Loyalty  and  Responsibility — Chas. 
H.  Parkhurst.  An  address.  W-3275. 
Vol.   IV,  p.   160,   Mar.,  '07. 

(B)   S.  L.  Sinclair.      W-150,  p.   123'. 

Electrical  Development — Chas.  F. 
Gray.  Opportunity  for  the  engineer 
In  Canada.  W-500.  Vol.  IV,  p.  51, 
Jan.,    '07. 

Man  of  the  Future — Frank  H.  Tay- 
lor. An  address  delivered  before 
The  Electric  Club.  W-1400.  Vol.  II, 
p.    461,   Aug.,   '05. 

TJnforseen  Consequences  of  Engi- 
neering (E)— Chas.  F.  Scott.  W-750. 
Vol.    Ill,   Oct.,   '06. 

Imagination  in  Engineering — Chas. 
F.  Scott  (E).  W-600.  Vol.  II,  p.  324, 
May,  '05. 

Success  In  Electrical  Engineering 
— Chas.  F.  Scott  (E).  W-400.  Vol. 
II,  p.  392,  June,  '05. 


Up-to-date  Engineer  (E).  How  to 
become  and  remain  one.  W-1200. 
Vol.   I,   p.   492,   Sept.,  '04. 

"Message  to  Garcia" — L.  A.  Os- 
borne (E).  Emphasizing  the  neces- 
sity for  intelligent  co-operation  In 
any  organization.  W-400.  Vol.  I,  p. 
249,   May  '04. 

Pull   and   Pusli    (E).      W-250.      Vol. 

II,  p.    521,   Aug.,   '05. 

Work,  A  Man's  (E).  W-500.  Vol. 
I,  p.   687,  Dec,  '04. 

Why  Some  Engineers  Tail — Chas. 
F.  Scott  (E).  W-500.  Vol.  II,  p. 
583,   Sept.,   '05. 

Super-Specialization  —  Paul  Liipke. 
Extracts  from  paper  read  before  N. 
E.  L.  A.,  May,  1910.  W-1125.  Vol. 
VII.    p.    544.   July,    '10. 

(B)  C.  W.  Johnson.  Keeping  de- 
partments in  synchronism.  W-150,  p. 
505. 

Technical  Education.  A  letter 
from   Frank  J.   Sprague.    W-400.    Vol. 

III,  p.  711,  Dec,  '06. 

Experience — Chas.  F.  Scott  (E). 
W-400.      Vol.  II,   p.    457,   July,  '05. 


Personal 


Abry,  Bertrand  Buhre.  A  tribute 
from  the  Electric  Club.  W-400. 
Vol.    I,   p.    643,   Dec,   '04. 

Bannister,  Lemuel — Calvert  Town- 
ley.  A  short  sketch.  I-l,  W-600. 
Vol.  Ill,  p.  328,  June,  '06. 

rraaklin,  Benjamin  (E) — Percy  H. 
Thomas.  W-250.  Vol.  Ill,  p.  303, 
June,    '06. 

Prenyear,  Thomas  Cyprian — W.  M. 
McFarland.  An  obituary  with  por- 
trait.     W-1000.      Vol.    I,    p.    23,    Feb., 

Edwin  Musser  Herr — L.  A.  Osborne. 
A  sketch  of  character;  on  occasion  of 
appointment  to  presidency  of  the 
Westinghou.se  Elec.  &  Mfg.  Co.  Por- 
trait. W-1075.  Vol.  VIII,  p.  774, 
Sent.,  '11. 

Kerr.  Walter  C — E.  H.  Sniffln.  An 
appreciation.  Portrait.  W-1625. 

Vol.  VIT,  p.   446,   June.  '10. 

Macalpine,  John  H. — See  frontis- 
piece. W-350.  Vol.  VII,  p.  7,  Jan., 
•10. 

McFarland,  Walter  M. — Character 
sketch  on  occasion  of  assuming  of- 
ficial position  with  Babcock  it  Wil- 
cox Company.  Portrait.  W-1625. 
Vol.  VII,    p.   268,   Apr.,   '10. 


Melville,  George  W — Biographical 
sketch.  See  frontispiece.  W-525. 
Vol.  VII,  p.  3,  Jan.,  '10. 

Peck,  John  Sedgwick.  An  account 
of  the  farewell  dinner  tendered  to 
Mr.  Peck  before  his  departure  for 
England.  I-l,  W-800.  Vol.  I,  p.  687, 
Nov.,    '04. 

Schmid,  Albert,  Director-General  of 
the  Societe  Anonyme  Westinghouse 
^H.  C.  Ebert.  A  sketch  of  his  char- 
acter and  work.  See  frontispiece. 
W-600.      Vol.   I,  p.  408,   Aug.,  '04. 

Westinghouse,  George — F.  H.  Tay- 
lor. A  response  to  a  toast  at  a  din- 
ner given  to  the  district  managers  of 
the  Electric  Company.  W-1500.  Vol. 
I,  p.   1,  Feb.,  '04. 

Westinghouse,  George  —  Character 
sketch  and  review  of  achievements. 
W-1900.     Vol.   IV,  p.  680,  Dec,  '07. 

Westinghouse,  George — Biographi- 
cal sketcli  given  in  connection  with 
description  of  new  reduction  gear. 
See  frontispiece.  W-S50.  Vol.  VII, 
p.   4,  Jan.,  '10. 


The  Journal 


Aim  of  the  Journal  (E).  W-400. 
Vol.    II.   n.    59.    Jan..   '05. 

(E).  W-650.  Vol.  Ill,  p.  663,  Dec, 
'06. 

Electric  Club  Journal — Publication 
Committee.  Its  field  and  purpose. 
W-SOO.     Vol.  T.   n.   1.   Feb..  '04. 

The  Electric  Journal.  W-475.  Vol. 
IIT.   p.   1.   Jan.,  '06. 

The  Need  the  Journal  Supi}lies  (E). 
Review  of  editorial  in  supplement  to 
International  Edition.  W-500.  Vol. 
VI.   p.   66,  Feb.,  '09. 

A  New  Index — A.  H.  Mclntire  (E'). 
Points  in  regard  to  topical  index.  W- 
125.    Vol.  IIL  D.  667,  Dec,  '06. 


Indexing  Engineering  References — 

George  Parsons.  Outline  scheme  and 
method  of  using.  1-2,  W-1700.  Vol. 
Ill,  p.   110,  Feb.,   '06. 

(E)  Advantages  of  Card  Index — 
W.  M.  McFarland.  W-350.  Vol.  Ill, 
p.   63. 

Contributors  to  the  Journal  for 
1906.      Vol.   III.   p.   713,   Dec,   '06. 

(E)  Who's  Who  In  the  Journal — 
A.  H.  Mclntire.  Vol.  Ill,  p.  664, 
W-350,    Dec,    '06. 

Review  of  past  year's  work;  aims 
for  future.  W-325.  VoL  IV,  p.  1, 
Jan..  '07. 
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The     International     Edition  —  The 

Publication  Committee  (E).  An- 
nouncement. W-225.  Vol.  IV,  p.  605, 
Nov.,  '07. 

The  Year's  Becord — W.  M.  McFar- 
land  (E).  W-425.  Vol.  IV,  p.  661, 
Dec,  '07. 

A  Journal  Question  Box — The  Pub- 
lication Committee  (E).  Announce- 
ment of  new  department.  W-200. 
Vol.  IV,  p.  664,  Dec,  '07. 

The  Journal  Question  Box — Chas. 
F.  Scott  (E).  Comments  after  six 
montiis.  W-1  000.  Vol.  V,  p.  362, 
July,   '08. 

The  Journal  Question  Box  (E). 
Review  of  first  eighteen  months.  W- 
575.     Vol.  VI,  p.   3S7,  July,  '09. 

Our  Pour  Tear  Index — The  Publi- 
cation Committee  fE).  W-230.  Vol. 
IV,   p.   665.     Dec,  '07. 

Contributors  to  the  Journal  for 
1907.     Vol.   IV,    p.    714,   Dec,    '07. 
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